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1.  T HAVE  long  defired  to  fee  fuch  a Compen- 
JL  dium  of  Natural  Philofophy,  as  was,  1.  Not 
too  diffufe,  not  exprefled  in  many  words,  but  com- 
prized in  fo  moderate  a compafs,  as  not  to  require 
any  large  expense,  either  of  time  or  money : 2. 
Not  maimed  or  imperfect;  but  containing  the 
heads  of  whatever  (after  all  our  difcoveries)  is 
known  with  any  degree  of  certainty,  either  with 
regard  to  the  earth  or  the  heavens.  And  this  I 
wanted  to  fee,  3.  In  the  plaineft  drefs ; Amply  and 
nakedly  expreft,  in  the  mo  ft  clear,  eafy,  and  in- 
telligible manner,  that  the  nature  of  the  things 
would  allow  : particularly  free  from  all  the  jargon 
of  mathematics,  which  is  mere  Heathen  Greek  to 
common  readers.  At  the  fame  time  I wilhed  to 
fee  this  ihort,  full,  plain  account  of  the  vifible 
creation,  directed  to  its  right  end  : hot  barely  to 
entertain  an  idle,  barren  curiofity,  but  to  difplay 
the  invifible  things  of  God,  his  power,  wifdorn 
and  goodnefs. 

c 

2.  But  I cannot  find  fuch  a treatife  as  this  in 
any  modern,  any  more  than  ancient  language. 
And  I am  certain  there  is  none  fuch  in  the  Englilh 
tongue.  W hat  comes  nearelt  to  it,  of  any  thing 

A 2 I have 
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~f  Jhavefeen,  is  Mr.  Ray’s  Wifdom  of  God  in  the 
Creation : Dr.  Derham’s  Phyfico  and  Aftro-Theo- 
logy : Niewentyt’s  Religious  Phiiofopher : Ma- 
ther’s Chriftian  Phiiofopher,  and  Nature  deli- 
neated. But  none  of  thefe,  Jingle,  anfwers  the 
defign.  And  who  will  be  at  the  pains  to  extract 
cthe  fubftance  of  them  all,  and  add  the  later  jlif- 
coveries,  of  which  they  had  little  knowledge,  and 

therefore  j:ould  4:ake  but  little  notice  ? This  is  a 

! _ 

delideratum  ftill ; and  one  that  a lover  of  man- 
kind would  rejoice  to  fee  even  tolerably  fupplied. 

3.  I am  thoroughly  fenfible,  there  are  many 
who  have  far  more  ability,  as  well  as  leifure,  for 
fuch  a work  than  me.  But  as  none  of  them  un* 
dertake  it,  I have  myfelf  made  feme  little  attempt 
in  the  enfuing  volumes.  Herein  following  Dr. 
Derbarrfs  plan,  I divide  the  work  into  text  and 
notes  The  text  is  in  great  meafure  tranflated 
from  the  Latin  work  of  John  Francis  Buddoeus, 
the  late  celebrated  Profefibr  of  Pliilofophy,  in  the 
TJrdverfity  of  Jena,  in  Germany.  .But  i have 
found  occafion  to  retrench,  enlarge,  or  alter  every 
chapter,  and  almofl:  every  feftion.  So  that  it  is 
now,  I -believe,  not  only  pure,  containing  nothing 
falfe  or  uncertain  •,  but  as  full  as  any  trail  can  be 
expefted  to  be,  which  is  comprifed  in  fo  narrow  a 
compafs : and  likewile  plain,  clear,  and  intelligi- 
ble to  one  of  a tolerable  underftanding.  The 
notes  contain  the  fum  of  what  is  mod  valuable,  in 
- rite  above-named  writers : to  which  are  added  the 
.choiceti  difcoveries  both  of  our  o.wn,  and  of  the 
foreign  focieties.  Thefe  likewife,  I trull,  are  as 
plain  and  dear,  as  the  nature  of  the  things  fpoken 
will  allow  : although  dome  of  them,  I know,  will 
not  be  undprftood  by  an  unlearned,  or  inattentive 
reader. 


* So  it  was  in  the  fird  edition.  Many  of  thefe 
; re  now  taken  into  the  text.  . 


4.  Mean 
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4.  Mean  time  I rauft  apprize  the  Reader,  that 
I have  fometimes  a little  digrefled,  by  reciting 
both  uncommon  appearances  of  nature,  and  unv 
common  inftances  of  art : and  yet  this  is  not  prp- 
perly  a digreflion,  from  the  main  defign  1 have  iti 
view.  For  furely  in  thefe  appearances  alfo,the 
vvifdom  of  God  is'  difplayed  : even  that  manifold 
wifdom,  which  is  able  to  anfwer  the  fame  ends  by 
fo  various  means.  And  thofe  furprizing  inftances 
of  art  do  likewife  refleCt  glory  upon  Him,  whole 
Spirit  in  man  giveth  that:wifdom,  * whefe  infpira^- 
tion  teacheth  underftanding. 

\ \ P * J • • • ‘ • ; . * * i *.  i - . • ; % 
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5.  It  will  be  eaftly  obferved,  that  I endeavour 
throughout,  not  to  account  for  things ; but  only 
to  defcribe  them.  I undertake  barely  to  let  down 
what  appears  in  nature ; not  the  caufe  of  thofe^p- 
pearances.  The  facts  lie  within  the  reach  of  our 
fenfes  and  underftanding  ; the’  caufes  are  more  re- 
mote. That  things  are  fo,  we  know  with  cer- 
tainty : but  why  they  are  fo,  we  know  not.  In. 
many  cafes -we  cannot  know  ; and  the  more  we' in- 
quire, the  more  we  are  perplexed  and  entangle^. 
God  hath  fo  done  his  wbrks,  that  we  may  admiilj 
and  adore  : but  we  cannot  fearch  them  out  to  per- 
fection.- 

Y - • * . . " ' 

6.  And  does  not  tliis  open  to  us  another  prd- 
fpe£t  ? although  one  we  do  not  care  to  dwell  uporl. 
Does  not  the  fame  furvey  of  the  creation,  which 
fhews  us  the  wifdonl  of'  God,  fhew  the  aftonifhing 
ignorance,  and  fliort-fightednefs  of  man  ? For 
when  we  have  finifhed  our  furvey,  what  do  wet 
know  ? How  inconceivably  little!  Is  not  every 
thinking  man  conftrained  to  cry  out,  And  is  this 
all  ? Do  all  the  boafted  difeoveries  of  fo  enlight-> 
ened  an  age,  amount  to  no  more  than  this  ? Vath 
man  would  be  wife  ! But  with  how  little  fuccfcfs 
does  he  attempt  it  ? How  fmall  a part  do  we  know 

even 
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even  of  the  things  that  encompafs  us  on  every  fide  ? 
I mean  as  to  the  very  fatt  :•  for  as  to  the  reaions  of 
almoft  every- thing  which  we  fee,  hear,  or  feel, 
after  all  our  refearches  and  difquifitions,  they  are 
hid  in  impenetrable  darknefs. 


• - ! 

7.  I tri.’ft  therefore  the  following  iheets  may,  in 
fome  degree,  anfwer  both  thefe  important  pur- 
pofes.  It  -may  be  a means,  on  the  one  hand,  of 
humbling  the  pride  of  man,  by  {hewing  that  he  is 
furrounded  on  every  fide,  with  things  which  he 
can  no  more  account  for,  than  for  immenfity  or 
eternity  :•  and  it  may  ferve  on  the  other,  to  difplay 
the  amazing  power,  wifdom,  and  goodnefs  of  the 
great  Creator ; to  warm  our  hearts,  and  to  fill  our 
mouths  with  wonder,  love  and  praife  ! 


JOHN  WESLEY. 


1. 
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March  25,  1775. 

HAD  finilhed  the  additions  which  I de- 
figned  to  make  to  the  Syftem  of  Natural 
Philofophy,  before  I faw  Dr.  Goldfmith’s Hif- 
tory  of  the  Earth  and  Animated  Nature.”  I had 
not  read  over  the  firft  volume  of  this,  when  I 
almoft  repented  of  having  wrote  any  thing  on  the 
head.  It  feemcd  to  me,  that  had  he  publifhed 
this  but  a few  years  looner,  my  defign  would  have 
been  quite  fuperfeded  : fince  the  lubjeft  had  fallen 
into  the  hands  of  one,  who  had  both  greater  abi- 
lities, and  more  leifure  for  the  work.  It  cannot 
be  denied,  that  he  is  a fine  writer.  He  was  a per- 
fon  of  ftrong  judgment,  of  a lively  imagination, 
and  a mafter  of  language  ; both  of  the  beauty  and 
ftrength  of  the  Englifh  tongue. 


2.  Yet 
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2.  Yet  I could  not  altogether  approve  of  this"/ 
that  it  feemed  the  defign  of  the  Author,  to.  fay  a\f 
he  could  upon  every  article  y rather  than  all  he 
{hould  fey.  Hence  arofe  h»s  numerous  and  large 
digressions,  making  no  inconfiderable  part  of  his 
work.  Hence  his  minute  defcriptiop  of  cows, 
horfes,  dogs  y of  cocks,  hens,  and  pigeons,  and 
of  abundance  of  apimals  equally  known  to  every 
man,  woman  and  child : defcriptions  that  are  of 
little  or  no  ufe,  and  no  more  entertaining  than 
ufeful : at  leaft  ufeful  only  to  the  Bpokfeller,  by 
fwelling  the  bulk,,  and  confe<|uently  the  price  of 
his  book.  . 

S.  Indeed  this,  the  price  of  it,  rnuft  ever  re- 
main a weighty  objection  to  many  readers.  They 
cannot  afford  to  purchafe  eight  volumes,  at  fix  or 
feven  (hillings  a volume.  Ten  or  fifteen  (hillings 
they  may  poflibly  afford,  for  five  or  fix  fmaller 
volumes  ; efpecially  when  they  contain  all  that  is 
curious,  or  ufeful,  in  the-  far  more  eoftly  work. 
Nay,  I hope,  confiderably  more  than  all ; as  I 
have  confulted  abundance  of  Authors,  and  taken 
abundance  of  paffages  from  them,  whom,  I-  ap- 
prehend, the  Do&or  had-  not  feen. 

4.  I have  another  obje&ion  to"  this  ingenious’ 
book : I doubt,  fome  parts  of  it  are  not  true. 

The  Author  indeed  has  corre£ted  many  vulgar  er- 
rors ; but  has,  I fear,  adopted  others  in  their  places  . 
Many  times  he  expofes  the  credulity  of  other 
writers : but  does  he  not  fometimes  fall  under  the 
fame  imputation  ? As  where  he  terms  preiump- 
tion,  to  deny  the  exiftence  of  Bifhop  Pontope- 
dan’s  Cracken,  and  the  Sea-ferpent : the  one  a 
mile  acrofs,  the  other  railing  himfelf  out  of  the 
water,  higher  than  the  main  maft  of  a man  of 
war ! Could  one  who  made  tlxe  leaft  fcruple  of 
rejecting  thefe  grofs  abfurdities,  accufe  other 
writers  of  credulity  i 

S.  Mean 


5.  Mean  time  the  accounts  which  he  has  given 
of  many  animals,  being  taken  from  the  bell,  and 
lateft  authorities,  are  both  more  accurate,  and 
more  to  be  depended  on,  than  any  which  had  been 
publifhed.  before.  Many  of  thefe  I have  inferted 
•in  their  places ; (only  contracting  thirty  or  forty 
pages  into  four  or  five)  often  in  the  room  of  thofe, 
.'which  were  lefs  accurate,  and  probably,  lefs  au- 
thentic; as  alfo  feveral  of  his  beautiful  remarks, 
'fuch  as  directly  tended  toilluftrate  that  great  truth, 
. “ O Lord,  how  manifold  are  thy  works ! In  wif- 
dom  halt  thou  made  them  all !” ; 


k. 


COMPENDIUM 


NATURAL  PHILOSOPHY 
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THE  INTRODUCTION:  ' . 

- .#  . * Jp"  1 

Of  the  gradual  Improvement  of  Natural- 

Philosophy. 

1.  The  Order  obfervtd  in  this  Treatife. 

2.  The  Method  of  philofophizing  among  the  Hebrews 

and  Egyptians. 

3.  — ■-  Among  the  Greeks.— rH*  Philofophy  of  Pytha- 

goras,  Plato,  Ariftotle. 

4.  The  different  Methods  purfued  by  the  four  Greek  Sefis. 

5.  The  Philofophy  of  the  Schoolifien. 

6.  The  Revival  of  Philofophy  by  Lord  Bacon.  • \.f 

7.  — Greatly  promoted  by  Philofophical  Societies ; 

8.  The  Improvement  made  in  every  Branch  of  it:  in  Arsr- 
"•  - tOTtty  ; the  Dif  cover y of  the  Circulation  of  the 

Blood ; of  the  Laffeal  Veins  ; and  the  Thoracic 
Du5t.  . .* 

9.  Of  the  Generation  of  all  Animats  from  Eggs . 

10.  Of  the  Trans fujion  of  Blood. 

11.  Dif eaf es  themf elves,  and  the.  Operations  of  Medicines . 

' give  Occafon  for  farther  Difcoveries.  • 

12.  Many  Anatomical  Difcoveiries  have  been  made  by  Mi- 

crofcopes : 

- 18.  Many 
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13.  Many , with  regard  to  Brutes > particularly  Fifhes  and 
InfeBs  : 

14*.  Many  lilewife9  with  regard  to  Plants 9 Stones 9 Metals  9 
and  Minerals. 


15.  Great  Improvements  from  the  Art  of  Chymiftry. 

16.  Difcoveries  concerning  the  Loadflone  : 

17*  Concerning  Glafs  and  Burning-glaffes. 

13.  The  Nature  of  the  Air  is  more  accurately  difcovered  by 

Means  of  the  Barometer 9 the  Thermometer 9 and 
the  Air-Pump . 

39.  Difcoveries  relating  to  Water . 

20.  Difcoveries  which  Jhew  the  Nature  of  Fire 9 Gun • 
powder 9 Aurum  Fulminans,  Phofphorus . 

21.  Of  the  Earth9  and  the  chief  Syjlems  of  the  Univerfe. 
*22.  Of  the  Sun9  the  Planets  and  their  Satellites. 

23.  Of  the  Caufes  of  Natural  Bodies. 

24.  Of  Spirits  and  Divine  Things. 


1.  XTATURAL  PHILOSOPHIC  treats  both  of 
God  himfelf,  and  of  his  creatures,  vifible 
afid  invifible.  Of  thefe  I purpofe  to  fpeak  in  fuch  a 
manner,  as  to  afcend  from  the  confideration  of  man, 
through  all  the  orders  of  things,  as  they  are  farther 
and  farther  removed  from  us,  to  God  the  centre  of 


all  knowledge.  (I  mean,  of  vifible  things : — of  the 
invifible  world  we  cannot  know  much,  while  we  dwell 


in  houfes  of  clay.)  Thus  fpeculative  philofophy  af- 
cends  from  man  to  God:  practical,  defcends  from 


God  to  man. 

2.  The  moft  ancient  nations,  the  Egyptians  and  He- 
brews in  particular,  philofophized  much  concerning 
God,  and  concerning  Genii,  good  or  evil  fpirits,  of  an 
order  fuperior  to  man.  What  they  taught  concerning 
the  vifible  world,  related  chiefly  to  its.  origin,  the 
-.changes  it  was  to  undergo,  and  its  final  diflolution. 

But  on  all  thefe  heads  they  only  delivered  to  their  pos- 
terity, what  they  had  received  from  their  forefathers. 

3.  Among  the  Greeks,  Thales  Milefius  and  his  fol- 
lowers, applied  themfelves,  with  great  induftry,  to 
difcover,  with  the  beft  helps  they  had,  the  material 
caufes  of  natural  things.  ,They  -were  fucceeded  by 
others,  who  more  curioufly  fearched  into  the  ftrufture 
of  natural  bodies.  Here  the  foundation  of  natural 

, hiftory 
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hiftory  was  Hid,  in  various  obfervatiofts  oil  plants,'  , 
animals,  and  other  things;  And  herein  the  endea- 
vours of  Ariftotle,  and  Theophrafhis  in  particular,  are 
to  be  commended.  Yet  in  other  refpefts,  Ariftotle  did 
not  promote,  but  rather  obftruQ  the  knowledge  of  na- 
ture : for  he  made  philofophy  as  unintelligible,  by  his 
ahftradt  and  metaphyfical  notions,  as  Plato,  Pytha- 
goras and  others  did*  by  their  ideas*  numbers  and1 
fymbols.- 

4.  In  fucceeding  times,  when  the  fotir  Greek  fecla, 

the  Platonic,  Peripatetic,  Epicurean  and  Store  divided' 
the  Weftern  world  between  them,  the  Hatonifts  aim  oft 
confined  themfelves  and  their  opinions  to  the  lubje<5>  of 
divinity ; "the  Peripatetics  regarded ■ little  hut  logics 
the  Stoics  little  but  moral  philofophy  ; and  the  Epicu- 
reans had  fmall  concern  about  any,  being  iromerfed  in 
fenfual  pleafures  : fo  that  none  of  them  made  any 
confiderable  improvement*  in  any  branch  of  natural 
philofophy.-  . s 

5.  When  the  utter  barbarifm  which  followed,  was  a* 

■little  difpelled,  Ariftotle  began  to  reign.  His  follow- 
ers (the  School-men,  as  they  were  called)  might  have  * 
improved*  natural  philofophy,  if  (like  their  matter) 
they  had  diligently  cultivated  the  knowledge  of  na-- 
cure,  and  fearched*  out  the  properties  of  particular 
things.  But  it  was  their  misfortune,  to  neglect  what 
was  commendable  in  him,- and' to  follow  only  wliat 
was  blame-worthy  \ fo  as  to  obfcure  and  pollute  all 
philofophy,  with  abftraft;  idle,  vain  ipeculations.  Yet' 
fome  of  them,  after  the  Arabians  had  introduced  the  ' 
knowledge  of  chymiftry  into  Europe*  were  wife  above 
-the  age  they  lived  in,  and  penetrated  fo  far  into  the  fe-- 
cret  recefles  of  nature,  as  fcarce  to  efcape  the  fufpi-' 
cion  of  magic.  Such  were  Roger  Bacouand  - Albertus ' , 

Magnus.  ’ r.: ' • 

6.  After  the  revival  of  learning,  as  all  other  branches- 

of  philofophy,  fo  this  in  particular  received  new  light. 
■And  none  was  more  ferviceabie  herein  than-  Lord  Ba-- 
con  : who,  well  underftanding  the  defedbsof  the  fchooj- 
philofophy,  incited  all  lovers  of  natural  philofophy  to 
a diligent  fearch  into  natural  hiftory.  And  he  himfelf 
led  them  the  way,  by  many  experiments  and  obfer va- 
rious* ~ . . , . . 

■ i-  ■ ■ - -i  7.  After  < 
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' 7*  After  this,  not  Angle  perfons  only,  but  whole  fo- 
cieties  applied  themfelves  - carefully  to  make  experi- 
ments ; that  having  accurately  obferved  the  ftnnfture 
and  properties  of  each  body,  they  might  the  more 
fafely  judge  of  its  nature.  And  the  advantages,  which 
have  arifen  from  hence,  manifeftly  appear  from  the 
memoirs  of  the  Royal  Society  at  London  ; of  the 
Academy  of  Sciences  at  Paris  ; and  thofe  of  the  fame 
kind  in  Germany,  as  well  as  feveral  other  parts  of 
Europe. 

8.  To  mention  but  a few  of  the  late  difcoveries  lit 
each  branch  of  natural  philofophy.  With  regard  to  - 
the  ftru&ure  of  a human  body,  how  many  things  have 
modern  anatomifts  difcovered,  which  were  either  little 
under  flood  by  the  ancients,  or  wholly  unknown  to 
them  ? Such,  for  inftance,  is  the  circulation  of  the 
blood,  difcovered  by  Dr.  William  Harvey,  whole 

Anatomic  Exercitations,”  concerning  it  were  firft 
publifhed  in  the  year  1628.  Such  were  the  La&eal 
Veins,  difcovered  firft  in  brutes  by  Cafper  Afellius, 
•of  Cremona;  and  foon  after  in  men.  Such  the  Tho- 
Tacic  Dudt,  and  receptacle  of  the  chyle,  Lobferved  firft 
by  Dr.  John  Pecquet,  of  Paris,  whereby  the  whole 
courfe  of  the  blood  is  now  clearly  underftood. 
v 9.  Dr.  Harvey  improved  natural  philofophy,  by 
another  no  lefs  eminent  difcovery  : for  he  was  the  firft 
of  the  moderns*  that  fhewed  all  animals  to  be  gene- 
rated from  eggs.  That  the  ancients  knew  and  taught 
this,  {Orpheus  in  particular)  cannot  reafonably  be 
doubted.  But  as  the  knowledge  of  it  was  entirely  loft* 
to  revive  was  the  fame  thing  as  to  invent  it.  It  is  ob- 
vious, how  great  a light  this  pours  upon  that  dark  fub- 
j eft,  with  regard  to  the  generation  of  men,  as  well  as 
of  other  animals. 

10.  Another  remarkable  difcovery  in  the  laft  ceri- 

* tury,  was  that  of  the  Transfufion  of  the  Blood.  The 

• blood  of  a young,  lively,  healthy  animal  was  trans- 
•fufed,  by  means  of  a fmall,  filver  tube,  properly  ad- 

jafted  into  the  veins  of  another,  which  was  old,  weak, 
and  fickiy.  And  the  effeft  amazed  all  the  beholders. 
When  the  experiment  was  tried  before  feveral  of  the 
Royal  Society,,  a feeble,  worn-out  dog,  ready  to  die 

with  age,  and  hardly  able  to  trail  his  legs  after  him, 

% _ ; - ***  2 was 
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was  no  fooneHUled  with  young  blood,  than  he  leaped 
up  as  from  fleep,  {hook  himfelf,  and  ran  up  and  down, 
-as  lively  and  aCtive  as  a puppy.  In  France  the  expe- 
riment has  been  made  upon  men,  and  with  as  fur- 
prifing  fuccefs.  What  pity,  that  fo  important  an  ex- 
periment ftiould  ever  fall  into  difufe  ! That  it  is  not 
ftill  repeated  upon  proper  occafions  ! Efpecially  where 
all  other  means  fail.  , 

11.  It  cannot  be  denied,  that  phyficians  have  fig- 
nally  improved  this  branch  of  philofophy,  as  they  have 
continual  opportunities  of  making  new  difcoveries  in 
•the  human  body.  In  difeafes  themfelves/the  wonder- 
ful wifdom  of  the  Author  of  Nature  appears : and  by 
means  of  them  many  hidden  recedes  of  the  human 
frame  are  unexpectedly  difcovered.  The  powers  of 

• medicines  alfo  varioufly  exerting  themfelves,  lay  open 

many  fecrets  of  nature.  Jl 

12.  And  how  many  things  in  all  bodies,  as  well  as 

• in  the  human,  which  eluded  all  the  art  and  induftry  of 

• the  ancients,  have  the  moderns  difcovered  by  the  help 
of  microfcopes?  Although  thefe  are  not  properly  a 

; modem  invention : it  being  certain,  fomething  of  this 
kind  was  in  ufe  many  hundred  .years  ago.  There  are 
feveral  works  of  great  antiquity  Hill  extant ; the  beau- 
rties  of  which  cannot  even  be  dilcerned,  much  lefs 
could  they  have  been  wrought,  by  the  fineft  naked  eye 
.which  ever  was  in  the  world.  Such  is  that  feal,  now 
in  the  cabinet  of  the  king  of  France,  allowed  to  be  at 
lead  fifteen  hundred  years  old,  fix-tenths  of  an  inch 
-long,  and  four  broad,  which  to  the  naked  eye  pre- 
sents only  a confufed  groupe,  but  furveyed  with  a mi- 
crofcope,  diflinclly  exhibits  trees,  a river,  a boat,  and 
fixteen  or  feventeen  perfons. 

13.  Now  whatever  a Hi  (Is  us  in  fearching  out  the 
ftruCture  of  a human  body,  equally  helps  us  to  find 
out  the  nature  and  properties  of  other  animals,  Hence 
in  thefe  likewife  we  have  received  great  light,  from 

- anatomical  and  microfcopical  obfervations.  Thole 
-^efpecially  who  have  bellowed  their  whole  time  and 
thoughts  on  one  kind  of  animals,  (as  Dr.  Willoughby, 
on  filhes,  Dr.  Swammerdam,  of  Amfterdam,  on  in- 
fects) have  illuftrated  to  a furprifing  degree,  the  lub- 
<jeCts  on  which  they  wrote.  • . . 

fid  - 14.  Many 
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14*.  Many  have  diligently  fearched  into- the  nature 
of  plants;  particularly  Mr.  Ray,  who  ha's  not  only 
ranged  them  in  a new  method,  but  alfo  wrote  an  ela- 
borate hiftory  of  them.  Others  have  defcrihed,  with 
equal  diligence,  either  plants  in  general,  or  thofe  of  a 
particular  country.  And  others  have  fhewn  the  like' 
induftry  in  finding  out  and  explaining  the  nature  of 
ftones,  metals,  minerals,  and  other  foflUs. 

15.  Nor  is  it  ftrange  that  the  moderns  have  pene- 
trated farther  into  the  recedes  of  nature  than  the  an- 
cients, confidering  the  advantages  they  have  received, 
from  the  art  of  chymiftry.  Not  that  this  is  an  inven- 
tion of  later  ages : it  was  in  fonre  meafure  known  long 
ago.  But  as  this  art  has  been  cultivated  in  our  age, 
with  far  greater  accuracy  than  ever,  fo  by  this  means 
many  properties  of  natural  bodies  have  been  difeo- 
vered ; of  foflils  in  particular. 

16.  But  none  of  thefe  have  fo  much  engaged  the 
ftudy  of  the  learned,  or  fo  well  deferved  it,  as  the 
load-ftone.  Its  attra&ive  force  was  known  to  the  an- 
cients, and  the  origin  of  that  difcovery  is  recorded  by 
-Pliny.  But  it  does  not  appear  that  they  knew  of  its 
pointing  to  the  pole,  or  of  the  ufe  of  the  compafs. 
This  [the  compafs 3 was  invented  by  John  Goia,  in 
the  year  1300.  But  it  has  fince  been  obferved,  that 
the  magnetic  needle  feldom  points  exaftly  te  the  pole  ; 
but  varies  from  it  fome  degrees  to  the  Eaft  or  Weft, 
in  a fixt  and"  regular  order. 

17.  Nearly  related  to  the  nature  of  fofiils  is  glafs, 
which  was  well  known  to  the  ancients,  being  men- 

-tioned  by  Plutarch  and  Lucian  among  the  Greeks,  by 
Lucretius,  Pliny,  and  others  among  the  Latins.  Yet 
the  art  of  making  glafs  has  been  fince  their  times 
abundantly  improved.  One  branch  of  this  is,  the  art 
©f  making  burning-glaffes,  which  are  now  brought  to 
lb  great  perfe&ion,  as  either  to  melt  or  reduce  to  afhes 
the  moft  folid  bodies,  in  a few  moments.  If  thefe 
were  known  to  the  ancients  at  all,  (which  may  rea- 
fonably  be  doubted)  yet  the  art  was  wholly  loft  for 
■ many  ages,  and  not  recovered  till  of  late  years.  ' 

18.  Later  ages  have  likewife  made  many  difcove- 
* ties  with  regard  to  earth,  water,  fire  and  air : the  laft 

of  which,  air,  though  it  be  of  lb  .fine  a texture  as  to 
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fee  wholly  invifible,  yet  producing  fuch  amazing  effects* 
has  excited  the  moft  diligent  inquiries  of  the  curious. 

Nor  does  any  part  of  philofophy  afford  a wider  field 
for  experiments  and  difeoveries.  The  weight  of  it  we 
can  afcertain  by  that  curious  inftrument,  the  barome- 
ter, invented  by  Torricellius  ; the  degrees  of  heat  and 
cold,  by  the  thermometer.-  By  the  air-pump  (in- 
vented by  Otto  Guerick,  Mayor  of  Magdeburgh)  the 
air  is  drawn  out  of  any  bodies,  or  more  largely  thrown 
into  them.  And  hereby  many  effefts  are  produced, 
which  deferve  our  diligent  consideration. 

19.  With  regard  to  water,  the  difeoveries  of  later 
times  are  numerous  and  important.  Such  are  the 
diving-bell,  invented  by  George  Sinclair;  the  diving- 
machine  of  Alphonfo  Borelli,  a kind  of  boat,  which 

"is  fo  contrived  as  to  be  navigated  under -water : and 
the  art  of  making  falt-water  frefh,  which  is  now  done 
with  little  expenfe,  fo  far  that  the  faltnefs  is  taken 
away,  and  it  is  fit  for  almoft  all  ufies. 

20.  The  nature  and  properties  of  fire  alfo  have  been 
■ accurately  traced  in  late  ages  : for  which  new  oecafion 

was  given  by  die  invention  of  gunpowder,  by  Berthold 
Schwartz,  in  the  fourteenth  century.  Aurum  fulmi- 
nans,  a yet  later  invention,  goes  off . with  a louder 
•explofion  than  gunpowder.  Other  bodies  there  are, 
which  do  not  burn,  yet  emit  light.  Such  is  the  Bo- 
nonian  ftone,  which  placed  in  the  dark,  diffufes  light  . 
Eke  a burning  coal.  It  is  well  known  that  the  prepa- 
ration called  phofphorus,  has  the  fame  property. 

21.  Various  theories  of  the  earth  have  lately  ap-  , 
peared.  But  they  are  no  more  than  ingenious  con- 

j eft  ores.  The  fame  may  be  faid  of  the  fyftems  of  the 
univerfe,  a few  particulars  excepted.  The  Ptolemaic 
fyftem,  which  fuppofes  the  earth  to  be  the  centre  of 
the  univerfe,  is  now  defervedly  exploded : fince  Coper- 
nicus has  revived  that  of  Pythagoras,  which  was  pro- 
bably received  by  moft  of  the  ancients.  T ycho  Brahe’s, 
which  jumbles  both  together,  is  too  complex  and  in- 
tricate, and  contrary  to  that  beautiful  fimplicity,  con- 
fpicuous  in  all  the  works  of  nature. 

22.  The  telefcope  (invented  by  Galileo)  has  difeo-  , 
verfid  many  ftars  unknown  to  the  ancients,  together 
with  the  nature  and  motion  of  the  planets,  both  pri- 
mary 


mary  arid  fecondary.  By  this  alfo  have  been  disco- 
vered the  fpots  of  the  Sun,  the  inequality  of  the  fur- 
. face  of  the  Moon,  the  nature  of  the  galaxy  or  milky- 
way,  and  many  other  particulars  relating  to  the 
heavens, 

23.  With  regard  to  body  in  general,  it  is  commonly 
fuppofed,  that  our  age  has  a vaft  advantage  over  an- 
tiquity, by  having  found  out  new  principles  and  new 
hypothefes,  whereby  we  can  account  for  all  the  fecrets 
of  nature.  But  this  will  bear  a difpute.  For  befide 
that  the  chief  of  our  hypothefes  are  not  new,  but 
known  long  ago,  the  learned  have  hitherto  very  little 
profited  by  all  their  hypothefes.  And  in  truth,  all 
their  difquifitions  touching  the  caufes  of  natural  bo- 
dies, terminate  in  mere  conjectures : one  whereof  is 
often  more  probable  than  another ; but  none  admits  of 
any  folid  proof. 

. 24.  What  remains  of  natural  philofophy,  is,  the 
doCtrine  concerning  God  and  fpirits^  But  in  the  tracing 
of  this  we  can  neither  depend  upon  reafon  nor  experi- 
ment. Whatfoever  men  know  or  can  know  concern- 
ing them,  muft  be  drawn  from  the  oracles  of  God. 
Here  therefore  we  are  to  look  for  no  new  improve- 
ments ; but  to  (land  in  the  good  old  paths : to  content 
ourfelves  with  what  God  has  been  pleafed  to  reveal ; 
with  “ the  faith  once  delivered  to  the  faints.” 
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PART  THE  FIRST. 


OF  MAN. 


• CHAP.  I. 

Of  the  Structure  of  the  Human  Body,- 

1.  The  fimilar,  folicl  Parts. 

2.  A Fibre . ' ' 

3.  The  Cellular  Membrane •» 

4.  A Bone. 

5 . A Cartilage. 

6.  A Membrane. 

7.  Artery. 

8.  Vein.  , , “ .V 

9.  The  Lymphatic  Vejjfels , /&7r 

JO.  Nerve. 

11.  7/k 
\%  A Gland . 

\3.  A Mufcle. 

14.  The  Cuticula  and  Skim 

A Boy  with  a dappled  Shin. 

15.  The  Fat . _ 

16.  The  Fannie  ulus  carnofus. 

17-  The  dijjimilar  Parts ; in  particular,  the  Heady  Cert 
brum , Cerebellum , Medulla  oblongata^ 

18.  The  Meninges. 

19.  The  Brain . 

20.  The  Origin  of  the  Nerves. 

21.  The  Pineal  Gland. 

; ’ % -22.  The 
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The  Guards  of  the  Eye. 

The  Mufcles  of  the  Eye. 

The  Tunica  adnatct . 

The  StruBure  of  the  Eye. 

The  Coats'  of  the  Eye. 

The  Humours  of  the  Eye.. 

P eculiarities  relative  to  them.* 

Queries  concerning  the  Eyes. 

Help  for  decayed  Sight. 

Account  of  a Perfon  couched. 

The  external  Parts  of  the  Ear. 

The  internal : particularly  the  Drum, 

The  Bones , Paffages%  Windows , Labyrinth. 

The  Nofirils. 

The  Tongue,  and  Teeth. 

A P erf  on  fpeaking  without  q Tongues 
Perfons  deaf  and  dumb  taught  t&  /peak. 

Dumbnefs  fuddenly  removed. 

The  Palate. 

The  Uvula  and  Tonfils. 

The  Hair. 

Hair  turned  white  through  Feat* 

Through  Grief. 

White  Hairs  triangular. 

The  Heart * 

The  Pericardium. 

The  Lungs . 

The  Thorax , intercojlal  Mufcles. 

Diaphragm. 

The  Pleura  and  Mediajlinum. 

The  external  Parts  of  the  Middle  Cavity i 
An  old  Woman  giving  Suck. 

The  Stomach. 

The  Intejlines  and  Mefentery. 

The  La  Beal  V tins. 

The  Omentum , Peritoneum , Pancreas. 

The  Liver , Gall-Bladder , and  DuBs+ 

The  Spleen . 

The  Kidneys , Ureter s7  Bladder. 

The  Hands.  „ • 7 

Account  of  a Man  without  Arms* 

The  Feet . ‘ » 

The  Animal  Spirits \ 

51.  Secretion 
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Si.  Secretion  of  the  other  Fluids • 

The  Blood.  z<  * " 

53.  What  are  the  JirJl  Elements  of  the  Body. 

54.  Reflections. 

1.  AS  man  ought  to  know  himfelf  beft,  we*  begin 

Jljl  our  treatife  here.  And  firft,  let  us  content 
plate  the  human  body.  The  parts  of  this  are  either  f 
folid  or  fluid.  Thofe  of  the  folid,  of  which  the  reft  I 
are  formed,  are  termed  fimilar  parts.  Such  are  fibres, 
bones,  membranes,,  ligaments,’  arteries,  veins,  lym4 
phatic  veflels,  nerves,  flefh,  mufcles,  tendons  $ ancfc 
thofe  general  coverings  of  the  body,  the  cuticle*  the . 
ffcin,  fat,  and  the  panniculus  carnofus.  . ♦ < ' * 

2.  A fibre  is  a kind  of  {lender  thread,  of  which  all 
the  other  parts  of  the  body  are  woven : according  to* 
the  difference  of  which,  the  fufeftance  of  the  fibres  is 
different  alfo. 

Earth,  as  an  element,  is  a folid,  opaque,  angular, 
friable  fubftance,  of  fuch  fmall  volatile  particles,  that 
it  readily  diffufes  itfelf  through  air  and  water,,  and  re- 
lides  inviftbly  in  them.  And  earth  eagerly  imbibing 
both  air  and  water,  by  their  means  forms  the  perma- 
nent bafis  and  growth  of  all  mineral,  vegetable,  and 
animal  bodies. 

Thefe  earthly  particles  have  their  connexion  and 
power  of  cohefion,  not  from  themfelvess  or  a mere 
contafl ; but  from  the  intermediate  glue  placed  betwixt 
them.  ■ * . . 

That  this  glue  is  compofed  of  oil,  Combined  with 
water,  by  the  vital  attrition  in  animals,  appears  from 
the  chymical  analyfis  of  bones  and  hair ; from  the  jelly 
of  bones,  ivory,  and  horns  ; and  from  the  nature  of 
our  aliments  themfelves.  Nor  is  there  any  kind  of 
glue  that  could  more  powerfully  join  the  parts  of  ani- 
mals as,  we  experience  in  fifh  glue,  and  that  of  joiners 
and  cabinet-makers. 

Earthy  particles  then  cohering  longitudinally*  and 
tied  together  by  an  intervening  cohefive  glue,  compofe 
firft  one  of  the  leaft  or  moft  Ample  fibres  ; fuch  as  we 
have  a knowledge  of  rather  from  reafon  than  fenfe^ 
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The  fineft  *nicr©fcope$  have  been  hitherto  infufficufnt 
to  lead  us  to  a fight  of  the  fmalleft  moving  and  ner- 
vous fibrils,  £nd  ftill  lefs  can  we  ever  fcxpeft  from  them, 
to  get  any  fenfible  idea  of  the  mechanifm  by  which 
fenfation  and  motion  are  effected. 

But  the  leaft  fibres  which  appear  to  the  fight,  are  df 

two  kinds. 

Of  thefe  two  kinds  of  fibres,  as  we  fhall  prefently 
fee,  we  may  diftinguifh  the  former  by  the  title  of  fila- 
mentary, and  the  latter  of  membranous. 

The  firft  kind  of  thefe  fibres  is  lineal,  namely,  Tuch^ 
a^form  as  makes  their  length  confiderably  large  in  pro- 
portion to  their  breadth  ; and  which,  by  difpofing  of 
the  elementary  particles  in  a right  line,  mull  of  courfe 
lay  them  generally  parallel  with  the  neighbouring  or 
contiguous  fibres.  Examples  of  fucb  fibres  wte  fee  in 
the  bones,  and  moll  eafily  in  thofe  of  a foetus  y and. 
likewife  in  the  tendons,  ligaments,  and  mufcles  ; only 
we  mull  here  always  remember,  that  the  eye  never 
reaches  to  the  fmalleft  fibres,  but  to  larger  ones  made 
up  of  the  fmalleft,  and  like  to  them  in  flendernefs, 
placed  together  in  a reitilineal  courfe.  That  thefe  are 
Hot  different  from  the  fmalleft  fibres,  we  are  perfuaded 
by  the  moft  accurate  mierofcopes-  of  Muyfe  and  Le- 
wenhoeck  by  which  the  mufeular  fibres  divided  even 
to  the  laft,  appear  fimilar  to  the  larger,  till,  at  length, 
,-they  feem  mere  lines,  like  fpiders  threads. 

The  feeond  kind  of  fibres  are  thofe  which  are  con- 
joined with  a*  breadth  frequently  larger  than  their 

length- 

From  what  has  been  fard,  we  may  admire  nature 
no  lefs  for  her  wife  ceconomy  than  fimplicity,  in  thus 
forming  all  that  variety  of  parts  we  fee  in  an  animal, 
from  one  fimple  mafs  of  clay  or  flimy  matter,  com- 
pounded of  earth  and  glue ; from  whence  the  body  is 
not  only  augmented  from  a Angle  point  in  the  ovum 
to  its  full  growth  and  ftature  ; but  like  the  timbers  of~ 
a Ihip,  is  alfo  every  day  repaired  during,  life,  , till  at 
length,  not  two  jots  of  the  old  or  firft  materials  re- 
main. This  renovation  of  parts  is  made  flower  in  fome" 
conftitutions, , and  in  fomo  organs,  than  in  others. 
How  quickly  the  animal  humours,  with  the  hair,  nails, 

&c. 
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See.  are  renewed,  every  one  knows:  and  we  may  ven- 
ture to  fay,  that  once  in  three  years  the  change  is  uni- 
verfal-;  at  the  end  f of  which  time,  though  a man  re- 
mains the  fame  identical  perfon,  he  is  not  rite  , fame 
matter. 

.But  we  proceed  from  thefe  fun  pie  fibres,  to  the 
next  lead  compounded  folid  which  they  compofe  ; viz. 
the  cellular  web-like  fubftance. 

, This  is  made  np  partly  of  the  fimplefibiils,  and 
partly  by  an  infinite  number  of  little  plates  or  feales, 
which,  joined  in  various  dire&ions,  intercept  fmall 
cells  and  web-like  fpaces ; and  by  extending  round 
every,  even  the  leaft  moving  folid  parts  of  the  body, 
conjoins  them  all  together  in  fuch  a manner  as  not 
only  fuftains,  but  allows  them  a free  and  ample.motion. 

The  extenfion  of  this  fubftance,  not  only  with  the 
Ikin  round  the  whole  body,  but.alfo  round  every -vifeus, 
or  organ,  and  round  every  individual  moving  fibre  or 
veflel  of  them,  into  the  cavities  of  the  boiies,  and  eve# 
the  fubftance  of  the  brain  and  its  medulla,  is  a mo- 
dern and  wonderful  difeovery.  This  fubftance'  in  its 
ultimate  ftate  being  compofed  of  fimple  membranes, 
when  compared  and  convoluted,  gives  birth  to  the 
leaft  or  moft  fimple  veflels,  which  again  refleded 
through  plates  of  the  fame  fubftance  compared  to- 
gether, make  ..compound  and  vafcular  membranes  -:  to 
the  confideration  of  which  we  next  proceed. 

Out  of  this  cellular  fubftance  compared  by  a con- 
cretion. qf  the  membranous  plates  or  partitions,  and 
prefled  together  by  the  force  of  the  incumbent  muf- 
cles,  and  .diftending  fluids ; arife  oriier  broad  and  flat 
plates  or  (kins  in  .various  parts  of  the  body ; which 
being  generally  difpofed  in  one  and  the  fame  direc- 
tion, feem  to  have  a better  right  to  the  name  of  mem- 
brane than  the  former  ; and  thefe  being  convoluted 
. into  cones  and  cylinders,  pervaded  by  a flux  of  feme 
juice  or  liquors  brought  to  them;  put  on  the  name  of 
veflels,  or  cite  being  extended  round  fome  (pace  that  is 
in  a plane,  parallel  to  itfelf,  we  call  it  a tunic  or  coat. 

' This  cellular  fubftance  in  the  human  body,  is  found 
throughout  the  whole ; wherever  any  veflel  or  moving 
mufcular  fibre  can  be  traced,  and  this  without  the  leaft 

exception, 
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exception,  that  I know  of,  in  any  part  whatever.  But 
fo  far  as  ever  we  can  trace,  it  hardly  ever  admits  of 
any  fat  into  the  cells  ? which  are  rather  moiftened  by 
it  watry  vapour,  fomewhat  oily,  exhaled  out  of  the 
arteries  and  received  again  into  the  veins. 

Its  plates  or  fcales  are  ftill  more  loofe  and  open 
where  it  divides  the  mufcles  and  all  their  fibres  (even 
to  the  ultimate  fibre ;)  and  likewife  where  it  furrounds 
and  fuftains  the  leaft  veflels  with  their  free  motion. 
That  within  the  cavities  of  the  bones  is  alfo  made  up 
of  bony  plates,  with  membranous  ones  intermixed  ; 
and  laftly,  it  is  the  molt  loofe  and  open  of  all,  round 
the  furface  of  the  body  on  all  fides,  betwixt  the  muf- 
cles and  the  fkm. 

Through  this  cellular  fub fiance  the  fmall  veflels  are 
fpread,  and  ramified  in  all  parts  of  the  body ; from 
whofe  arterial  extremities  the  fat  is  depofited  into  the 
cells,  and  afterwards  abforbed  by  the  venal  orifices. 
This  paflage  from  the  arteries,  into  the  adipofe  cells, 
is  fo  free  and  fhort,  that  there  muft  needs  be  very  large 
mouths  by  which  they  open,  and  by  which  they  give 
admittance  to  injedted  mercury,  air,,  or  water.  The 
oily  fat,  in  this  fubftance,  is  feparated  and  expelled 
from  the  artery  ; not  by  any  long  dufts,  but  by  tranf- 
uding  on  all  fides  through  the  whole  extent  of  the  vef- 
fel.  How  quickly  it  is  colledted  from  the  arteries,  ap- 
pears from  the  Ipeedy  renovation  of  it,  by  a returning 
fatnefs  after  acute  difeafes. 

With  regard  to  the  fponge-lifce  communications  of 
this  fubftance,  it  is  remarkable,  t,he  intervals  or  fpaces 
betwixt  the  plates  or  fcales  that  make  up  their  fides  in 
the  cellular  membrane,  are  every  where  open,  and 
form  one  continuous  cavity  throughout  the  whole 
body. 

That  out  of  this  fubftance  joined  with  veflels,  nerves, 
mufcular  and  tendinous  fibres,  (a  great  part  of  all 
which  are  before  formed  of  this  fubftance  only)  all  the 
vifcera,  all  the  mulcles  and  glands,  with  their  liga- 
ments and  capfules,  are  entirely  compofed  ; and  that 
only  from  the  different  length,  tenfion,  quantity  or 
proportion  of  this,  the  diverfity  of  our  glands  jand 
vifcera  arifes  ; and  laftly,  that  this  alone  makes  up  by 

far  the  greateft  part  of  the  whole  body,  we  are  certain, 
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’if  the  whole  be  not  formed  out  of  the  cellular  filaments 
of  this  kind. 

4.  The  hardeft  part  erf"  the  body*  -white  and  void  of 
fenfe,  is  termed  a bone.  The  bones  are  covered  with 
a thin  flein,  called  the  periofteum,  extremely  fenfible. 

The  bones  confift  of  thin  plates*  lying  one  upon 
another ; and  thefe  again*  of  fibres  running  length- 
ways ; fome  to  the  extremity  of  the  bone*  fome  not  fo 
far.  Yet  none  of  them  terminate  there ; but  are  con-  > < i 

tinned  tranfverfely,  and  as  it  were  arched*  the  fibres 
of  one  fide  meeting  and  uniting  with  thole  of  the 
other,  and  this  at  each  extremity.  ' 

. Thefe  plates  are  differently  difpofed  in  different 
bones  : in  thofe  that  have  a large  cavity,  they  are  con- 
tiguous on  each  fide,  and  very  clofely  united.  In 
thofe  whofe  cavities  are  fmall,  many  of  the  inner  plates 
are  diftantfrom  each  other ; having  little  long  cells  be- 
tween them.  In  bones  whole  plates  are  contiguous, 
there  are  pores  through  and  between  them,  (befrde 
thofe  for  the  blood-ve/Fels. ) The  firft  pierce  them- 
tranfverfely,  from  the  cavity  to  the  external  furface  of 
each  plate.  The  fecond  run  lengthways  between  the 
plates,  and  diffufe  an  oil  with  which  they  are  fupplied 
by  the  tranfverfe  pores. 

The  bones  are  generally  bigger  at  each  end  than  in 
the  middle,  that  the  joints  may  be  firm,  and  the  bones 
not  fo  eaiily  diflocated.  But  to  ftrengthen  the  middle 
of  the  bone,  the  fibres  there  are  more  clofely  com- 
pared. Likewife  the  bone,  being  large  and  hollow, 

• is  not  fo  eafily  broke,  as  if  it  had  been  folid  and 
finaller  ; for  of  two  bone.s  of  equal  length  and  equal 
number  of  fibres,  that  is  ftronger  which  has  the  larger 
diameter.  ’ 

. The  blood-veffels  ufually  enter  the  ends  of  the  bones  ; 
the  arteries  at  one  end,  the  veins  at  the  other.  The 
medullary  veffels  commonly  enter  the  fides  of  the  bone, 
and  that  obliquely. 

• The  marrow  is  covered  with  a membrane,  wherein 
are  inclofed  little  bags.  In  thefe  bags  are  glandulous 
bladders,  ferving  both  to  fecern  the  marrow  from  the  ' 
blood,  and  to  receive  it.  Both  thefe  and  the  bags  have 
paffages  into  each  other,  whereby  the  marrow  has  free 
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courfe.  ' It  paffes  firft  through  the  tranfverfe  pores  of 
the  firft  internal  plate  into  the  longitudinal  ones. . 

Thence  it  proceeds  into  other  tranfverfe  pores,  when 
it  alters  its  courfe -again,  and  exfudes  farther.  Thus 
it  paffes  alternately  through  and  between  the  plates,  till  \ 
it  is  diffufed  throughout.  In  this  manner  it  is  dif-  . 
fufed  through  bones,  whofe  plates  are  contiguous.  But 
where  the  plates, are  at  a diftance,  the  fmall,  cells  con- ; 
tain  glands,  which  directly  fupply  the  plates  with 
marrow.  : • 

-The  marrow  not  only  ferves  to  keep  the  fubftance 
of  the  bone  moift,  but  to  lubricate  the  joints,  and  to 
hinder  the  ends  of  the  bone,  from  being  worn  or  over-, 
heated  with  motion.  It  alfo  moiftens  the  ligaments, 
which  tie  them  to  each  other; : as  do  likewife  the  glands  ^ ; 

found  in  all'  the  joints.  The  back-bone  hath  thefe  two  • 
things  peculiarly  remarkable.  1.  Its  different  articu- 
lations from  the  other  joints  of  the  body.  For  here : 
moft  of  the  joints  are  flat,  and  withal  guarded  with 
afperities  and  hollows,  made  for  catching  and  hold- 
ing ; fo  as  firmly  to  lock  and  keep  the  joints  from  lux- 
ations;, but  withal  to  afford  them  fuch  a motion,  as  is 
neceffary  for  the  incurvations  of  the  body.  2.  The, 
difference  of  its  own  joints  in  the  neck,  back  and  loins. - 
In  the  neck  the  two  upper  vertebrae,  are  curioufly 
made,  and  jointed  (different  from  the  reft)  for.  the 
commodious  and  eafy  bending  and  turning  the  head 
every  way.  In  the  thorax,  and  back,  the  joints  are 
more  clofe  and  firm  ; and  in  the  loins  more  lax  and 
pliant;  alfo  the  knobs  and  fockets  are  turned  a quite 
contrary  way,  to  anfwer  the  occafions  the  body -hath 
to  bend  more  there,  than  higher -in  the  back.  So  that 
its  ftruflure  is  the  very  beft  that  can  be  contrived  ; for 
.had  it  been  all  bone,  we  could  have  had  no  motion  in 
cur  body  ; had  it  been  two  or  three  bones.articulated 
for  motion,  the  medulla  fpinalis  muft  have  been  ne- 
ceffarily  bruifed  at-every  angle  or  joint ; befides,  the 
whole  would  not  have  been  fo  pliable,  for  the  feveral 
poftures  we  have  occafxon  to  put  ourfelves  in.  If  it 
had  been  made  of  feveral  bones  without,  intervening 
cartilages,  we  fliould  have  had  no  more  ufe  of  it,  than 
if  it  had  been  but  one  bone.  If  each  vertebra  had  had 
its  own  diftinft  cartilage,  it  might  have  been  eafily 
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diflocated.  And  laftly,  the  oblique  proceffes  of  each 
fuperior  and  inferior  vertebra,  keep  the  middle  ope, 
that  it  can  neither  be  thruft  backwards  nor  forwards  to 
comprefs  the  medulla  fpinalis. 

The  pelvis  made  in  the  belly  by  the  ilium,  offa  cox- 
endicis,  and  pubis.  Is  larger  in  a female  than  in  a male 
lkeleton,  that  there  may  be  more  room  for  the  laying 
of  the  vifcera  and  foetus.  So  the  cartilage  bracing  to- 
gether the  two  fharebones,  is  twice  thicker  and  laxer 
in  women  than  men.  As  alfo  is  the  cartilage  that  ties 
the  os  facrum  to  its  vertebra ; and  all,  to  give  way  to 
the  paffage  of  the  fcetus. 

Another  confiderable  difference  is,  in  the  cartila- 
ginous produdtion  of  the  feven  long  ribs,  whereby  they 
are  braced  to  the  breaft-bone.  Thefe  are  harder  and 
•firmer  In  women  than  in  men  5 the  better  to  fupport 
the  weight  of  the  breads,  the  fucking  infants,  &c. 

It  is  remarkable  in  the  joints,  and  a manifeft  aft  of 
caution  anddefign,  1.  That  although  the  motion  of  the 
limbs  be  circular  ; yet  the  centre  of  that  motion  is  not 
in  a point,  hut  an  ample  fuperficies.  In  a point,  the 
hones  would  wear  and  penetrate  one  another,  and  the 
joints  would  be  exceeding  weak.  But  the  joint  con- 
fining of  two  large  fuperficies,  concave  and  convex, 
fome  furrowed  and  ridged,  fome  like  a ball  and  focket, 
and  all  lubricated  with  an  oily  fubftance  j they  are  in- 
comparably prepared  both  for  motion  and  ftrengt'h. 
2.  That  the  bones  next  the  joints  are  not  fpungy,  as 
their  extremities  commonly  are,  nor  hard  and  brittle 
hut  capped  with  a ftrong,  tough,  finooth,  cartilaginous 
fubftance,  ferving  both  for  ftrength  and  motion. 

For  affording  this  oily  matter  there  are  glandules 
very  commodioully  placed  near  the  joints,  fo  as  not  to 
fuffer  too  great  compreffion  by  the  motion  of  the  neigh- 
bouring bones,  and  yet  to  receive  a due  preffure,  to 
caufe  a fufficient  emiffion  of  the  oil  into  the  joirfts. 
Anotherthing  confiderable  is,  that  the  excretory  du<51s 
of  the  mucilaginous  glands  have  fome  length  in  their 
paffage  from  the  glands  to  their  mouths  ; which  is  a 
good  contrivance,  to  prevent  their  mouth  being  op- 
preffed  by  the  mucilage,  and  alfo  to  hinder  the  too 
plentiful  effufion  thereof,  but  yet  to  afford  a due  ex- 
preflure  of  it  at  all  times,  and  on  all  occafions  ; par- 
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ttacillarly  iir  violent  and  long-cdntinued  motions  of  tlie 
joints,  .when  there  is  a greater  than  ordinary  expense 
of  it. 

That  the  nourifhment  taken  in,  is  continually  con- 
veyed through  the  bones,  as  well  as  the  flefli,  appears 
from  an  eafy  experiment.  Mix  red  liquor  with  the 
food  of  any  animals,  and  in  a fhort  time,  their  bones 
are  died  red.  When  madder  root  was  mixed  with  the 
, food  of  a cock,  which  died  after  fifteen  days,  all  his 
hones  were  red,  the  internal  parts  as  well  as  the  exter- 
nal. And  the  moft  folid  parts  were  the  moft  deeply 
tinctured.:  in  .fwine,  the  teeth  above,  all  the  reft. 

• s r- 

5.  Annext  to  the  bones  are  the  cartilages,  white, 
^flexible  and  fmooth ; mod  of  which  in  procefs  of  time 
^become  bones,  hard  and  quite  void  of  fenfe. 

. A cartilage  is  an  elaftic  fubftance,  uniforiTily^om- 
jpaft  and  fomewhat  tranfparent,  harder  and  ifiore  brit- 
. tie  than  a ligament,  fofter  than  a bone.  It  is  covered 
with  a fine  membrane,  folded  over  the  bone,  from 
where  the  ligament  is  inferted.  Every  joint  is  inferted 
with  a membrane,  which  forms  a complete  bag,  and 
covers  every  thing  within  the  articulation.  The  blood- 
vefiels  are  fo  final!,  that  they  do  not  admit  the  red  glo- 
bules, and  are  demonftrable  only  in  -very  young  fub- 
jefts.  All  round  the  neck  of  the  bone,  there  are  nu- 
inerous  arteries  and  veins  which  fpread  into  fmaller 
branches,  and  communicate  with  each  other.  Thefe 
divide  into  ftill  fmaller  branches  on  the  adjoining  fur- 
face,  as  they  run  toward  the  centre  of  the  cartilage. 
We  can  feldqm  trace  them  into  its  fubftance,  becaufe 
they  end  abruptly,  at  the  edge  of  the  cartilage.  The 
larger  veftels,  plunge  in  by  numberlefs  fmall  holes,  and 
difperfe  themfelves  into  branches  between  the  . cartilage 
and  bone.  From  thefe  again  there  arife  many  fhort, 
but  fmall  twigs,  which  fhoot  toward  the  outward  fur- 
face.  This  distribution  of  the  blood-veflels  is  very  pe- 
culiar, and  calculated  for'obviating  great  inconvemen- 
oes.  Had  they  run  on  the  outward  furface,  the  pref- 
fure  and  motion  of  the  two  cartilages  mill  have  oc- 
cafioned  frequent  obftruflions  and  inflammations.  But 
by  creeping  round  the  cartilaginous  brim,  where  there 
is  little  frittion,  or  under  the  cartilage,  where  there  is 

none, 
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none,  they  are  perfedly  well  defended  from  all  flich 
accidents. 

Cartilages  are  admirably  contrived  for  all  the  pur- 
pofes  of  motion.  By  their  uniform  furface  they  move 
one  upon  another  with  eafe : by  their  foft,  fmooth  and 
flippery  furface,  mutual  abrafion  is  prevented, 
thei?  flexibility,  the  contiguous  furfaces  are  conftantly 
adapted  to  each  other.  By  their  elafticity  the  violenc'e 
of  any  fliock,  which  might  happen  in  running,  jump- 
ing, or  the  like,  is  broken,  which  mutt  have  been  ex- 
tremely pernicious,  if  the  hard  furfaces  of  bones  had 
■been  immediately  contiguous.  The  cartilaginous  fibres 
appear  calculated  chiefly  for  this  laft  advantage.  To 
conclude,,  the  infenfibility  of  thefe  cartilages  is  fo 
wifely  defigned,  that  by  this  means  the  neceflary  mo- 
tions of  the  body  may  be  performed  without  pain. 

6.  The  various  parts  of  the  body  are  plothed  with 
membranes,  which  are  vvhitiih  tunicles,  extremely  thin 
and  flexible,  compofed  of  fibres-interwoven  with  each 
•other,  as  a piece  of  cloth  is  of  threads.  They  are 
fattened  together  by  a kind  of  cartilages,  which  are 
termed  ligaments. 

7.  An  artery  is  a hollow  canal,  compofed  of  fibres 
-cloiely  twitted  together,  which  conveys  the  blood  front 
the  cavity  of  the  heart  to  all  the  parts  of  the  body. 
•All  the  arteries  fpring  from  two,  the  aorta  or  great 
artery,  and  the  pulmonary  artery.  The  latter  conveys 
the  blood  from  the  fight  ventricle  of  the  heart,  through 
the  lungs,  into  the  left  v^itricle.  The  former  con- 

- veys  it  from  the  left,  to  all  other  parts  of  the  body. 

The  arteries  ordinarily  confift  of  three  coats  or  mem- 
branes. The  outermoft  has  been  generally  -thought  to 
be  compofed  of  fine  blood-veffels.  The  fecond  is  muf- 
cular,  and  made  of  firm  and  ftrong  circular,  or  rather 
fpiral  fibres : of  which  there  are  more  or  fewer  ttrata, 
as  the  artery  is  larger  or  fmaller.  Thefe  fibres  are  ex- 
tremely elaftic.  The  inmoft  coat  is  a fine  denfe,  tranf- 
parent  membrane,  containing  the  blood,  which  other- 
wife  would  eafily  ooze  through  the  fpiral  fibre. 

On  a more  accurate  examination  it  has  been  found, 
-that  the  outermoft  coat  of  all  arteries  is  a.  cellular  fub- 
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.Jlance,,  compofed  pf  fine,  pellucid  membranes,  which 
may  be  ftretched,  eypn  fuddenly  to  a great  extent  with- 
out breaking.  . Attd  they  , as-  fuddenly..  collapfe,  when 
.that  ftretching  fprceis  removed-  'Thefe  cells, contain 
.an  oily  liquor  which  their  coats  fecernfrpm  thehranches 
of  the  artery  tjia.t  are  fpread  oyer  them.  Thisxellulax 
fubftance  of  the  arteries  ferves  to  connect  them  with 
the  forrounding  part,  .without  hindering  .their  actions 
or. motipns.  ;tlt  gives  a-fafe  paflage  to  the  veffels  of 
their  .other  coats,  and  fupplies  oil  for  lubricating  them. 
There. is  alfo  another  cellular  fubftance,,  between  the 
membranes  and  the  mufcular  coat. 

All  the,  arteries  begin  with  a larger  itrunk,  .and, grow 
lefs  and  .lefs  till  they  arp.nodonger  feenby  the  naked 
eye.  Hence  they  are  ..-continued,  till  they  inofculate 
yeith  theveins,  and  fo  .form  one  uninterrupted  channel; 

They  appear  white,  becaufe  their  coats  are  of  fo 
.denfe  a,  contexture* that  the  blood  is  not  viftble.  through 
them*  This,  proceeding  from  .wider:  to  narrower  ca- 
nals, As  continually  obftru&ed  in  ^ts, paflage.  But.  be-  . 
ing  puftied  on  from  behind,  it  ..diftends  the  coats,,  and 
caufes  that  leaping  mot*on  called. the  pulfe.  .By  this, 
as  well  as  by  their  whitenefs,  arteries,  are  diftinguiftied 


from  veins. 

The. pulfe  of  a;  healthy  perfon,  rifing  in  the  morn- 
ing, Beats  £5  in  a,  minute ; but  after  the  fatigue  of  the 
day,  it  y?ill  ip  the  evening  , beat  eighty  h that  time  ; 
and  again,  by  the,  night’s  reft,  or  flepp,  it  .will  become 
lefs  frequent  till  in  the, morning,  you.  will  find  it  return 
to  fixty-fiye.  For  the  voluntary  motions,  of.  the  muf- 
cles,  and  actions  of  the  external, and  .internal  fenfes, 
urge  the  venal  blood  on  to  the  .heart,  which,  being 
thereby .pftner  ftimulated,  .makes  more  frequent  con- 
tractions. ^-his  i$  the  caufe  of  thofe  paroxyfms  or  fits 
of  increafe,  obfervabJe  in  all  fevers  towards  the  even- 
ing. For  Beep. no.t  only  retards  the  motion  of  the  blood, 
but  of  all  the  other  humours  and  a&ions  jn  the  body. 

It  is  one  of  the  curious  obfervat'-ons  of  Dr.  Hales, 
that  the  pul^e  is  quicker  ip  Ijnall  animals.  .He  found 
the  pulfe  of  a horfe  . flower  hy  half  than  in  a man,  via. ; 
‘ 32  only  in  a minute  ; whereas  in  a.dog,  the  . pulfe  .beat 
97  in  that  time.  And  this  .we  fee  is.cqofQrma.hle  to 
the  blood’s  heat,  meafuied  by  .the  mercurial  thermo- 
meter 
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tttetef  of  Farenheit’s  fcaie.  For  the  blood  in  ox&fff  | 
borfes,  and  other  large  anknals  at  'reft,  being*  five  of  | 
fix  degrees  eooler  than  in  u$,  will  not  rife  to  our  heat,  ./ 
but  by  labour; 'Whereas,  dogs,  cats^  and Vi fdwls,  aref | 
five  or  fir  degrees*  hotter  than  we,  (viz;  abont  102;) 
and  the  latter*when  fitting  or  brooding  on  their  egg$ 
for  young,  are  ftilt  four  or' five  degrees  hbttef,  viz. 
10?  or  108/  which  is  "Commonly  tbe^heat  of  our  blood- 
m the 'fit  of  an  ague  ^ where  it  is  obferVabldfthat  I 
during  the  greateft  fetder  of  cold  chill,  the  blood*  is  f 
three  or  fourdegrees  hotter  than  iirhealth^  aft^  whtchy 
it  gains  four  or  five  degrees  more  in  the  height  of  the'  I 
hot  fit,  vizi  i04  or  105  degrees  ;•  but  in  ardent  fevers/  I 
where  the  ptiife  beats  140,"  the  heat  of  blood  will  Hill1  | 
be  four  or  five  degrees  higher, . viz.  110  ; i.  e.,  two  or'  I 
three  degrees  mere  than  equal  to  a brooding  frbrf. 

THe  'pulfe  is  mere  quick  in  children/  and  becomes  f 
flowerin  perfonsas  they  grow  oldeiv  The  falierit  poiftt'  I 
Of  an  ovum"  beate  a 134* in  a minuter  New  born  in-  | 
jfants  have  their  pulfe  1 2%andfronr  then’ce  ddwti  to^ 
old  age  it  grows  flower,  to  60  in  a minute.  A feveriih  l 
pulfe  begins  at  96  per  minute  ; it  is  exceflive  at  1 30  or 
14%  which  is  the  number  of  the  pulfe  with  which-  a | 
perfon  dies.*  The  pulfe  beats  flower 'in  winter,'  antT  | 
quicker  in  fummer,  by  about  ten  ftrckes  per  minute  $ 1 
amd  under  the  torrkl  zone,  it  grows  quicker  to  120. 


* 
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8.  A^vein  is  a hollow  catial^  which  receives  the  bloodf 
from  the  aTtery,  and  conveys  if  back  to  the  heart.  The 
chief  veins  are  three,  the  vena  cava,  which  pours  the* 
blood  through  a wide  paflage  into  the  right  ventricle 
of  the  heart ; the  pulmonary  vein/  whichdn  like  man- 
ner pour s<it  into  the  left  ventricle  ; and  the  vena  portce, 
which  does  not,  like  the  two  former*  end  in  a large 
trunk  /.  but  fpjeads  itfelf  “ at  each  extremity  into  nu- 
merous * branches. 

In  the  cavity*  of  the  veins/  there  are  certain  thin  tu- 
nicies,  which  are  termed  valves.  Thefe,  during  the 
regular  motion  of  the  blood,  lie  clofe  to  the  fide  of  the 
inner  coat : but  in  cafe  of-  any  obftru&ion,  recede  from : 
it  and  clofe  the  paflage, , to  prevent  the  blood’s  falling 
back.. 

9^  The 
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$.  The  lymphatic  veffels  are  fmall  canals  full  of 
valves,  confiding  of  a thin,  tranfparent  tunic,  which 
convey  an  extremely  clear  liquid  into  the  mafs  of 
blood.  Probably  thefe  (as  well  as  the  veins)  and  all 
the  other  veffels,  are  only  continuations  of  the  ar- 


teries. 


It  has  been  lately  difcovered,  that  the  lymphatic  vef* 
fels  have  two  coats ; betwixt  which  thefe  are  innu- 
merable fine  filaments,  containing  a nutricious  juice, 
which  is  conveyed  into  all  parts  of  the  body,  by  a mo- 
tion from  the  centre  to  the  circumference,  and  returns 
through  -the  inner  pipes,  of  the  fame  watry  veffels.  But 
this  juioe  when  returning,  is  no  more  water  or  dew, 
but  ferment ; and  the  veffels  may  be  termed  ferment- 
veffels.  This  ferment  is  conveyed  into  the  blood,  by  a 
motion  from  the  circumference  to  the  centre. 

The  lymphatics  carry  their  dewy  particles  through 
the  glandules,  which  lie  between  the  two  coats.  In. 
tfie  lowermoft  end  of  thefe  glandules,  the  ferment-vef- 
fels  take  their  rife.  Mod  of  the  juice  of  the  lym- 
phatic veffels  is  difcharged  between  the  coats  of  the 
veins,  arteries,  and  veffels,  in  the  mefentery  ; to  be. 
conveyed  into  all  parts  of  the  body,  both  internal  and 
external.  Even  in  bearing  females,  the  fruit  is  not 
nourifhed  by  blood,  but  by  this  nutricious  juice : the 
remaining  part  of  which,  is  tranfmittedinto  the  blood 
through  the  thoracic  du<5t  and  jugular  veins. 


10.  A nerve  is  a whitifh,  round,  (lender  body, 
arifing  from  the  brain,  which  is  fuppofed  to  convey 
the  animal  fpirits  to  all  parts  of  the  body.  What  thefe 
fpirits  are  none  can  (hew  : nay  we  are  not  fure  they 
have  any  being.  For  none  can  certainly  tell,  whether 
the  nerves  are  hollow  canals,  or  only  folid  threads, 
enclofed  in  proper  integuments. 


II.  The  fibrous,  foft,  reddilh  part  of  the  body  is 
termed  flefii.  All  flelhy  fibres  are  hollow,  and  divided 
through  their  whole  length  into  little  caverns,  wherein, 
the  blood  is  detained,  as  occafion  requires. 


12.  A gland  is  a foft  and  fpungy  body,  which  fepa- 
rates  fome  particular  liquid  from  the  blood.  The 
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larger  glands  contain  arteries,  veins*  and  lymphatic 
veffels  : but  the  glands  of  the  inteftines  are  only  the 
tops  of  the  arteries;  / ; 

There  is  a kind  of  down  m the  cavity  of  every 
gland,  which  probably  does*  the  office  of  a filter,  and 
is  that  whereby  a particular  humour  is  feparated  from 
the  blood. 

The  ftrudfcure  of  the  down-veffel  is  different  accord-- 
itig  to  the  different  purpofes  of  nature.  Sometimes 
the  liquor  filtrated  through  it,  falls  drop  by  drop  on  a 
membrane, w to  which  one  end  of  the  veffel  is  fattened, - 
as  where  it  is  defigned-only  to  moiften  the  part.  Some-- 
times  many  of  thefe  down-veffels  fpread  over  the  inner 
furface  of  a membranous  ceil,  into  which  they  all- 
pour  their  liquor,,  which  is  difcharged  at  a finally 
orifice.  \ J c . 

Thefe  veffels  are1  often  of  a great  length,  though  < 
they  take  up  but  little  room,  being  wound  over  one 
another,  fometimes  in  a {ingle  knot,  and  fometimes  in* 
feveraL  enclcfed  in  a common  membrane.  And  hence 
is  the  diftindtion  of  glands  into  conglobate  and  con-’ 
glomerate.* 


A conglobate  gland  is  a little,  fmooth  body,  wrapt 
up  in  a fine,  double  (kin  ; with  only  an  artery  and  nerve-  - 
paffing  in,  and  a vein  andexeretery  dudbgoing  out.* 

A.  conglomerate  gland  is  an  irregular  aflemblage  qf- 
feveral  fimple  glands,  which  are  tied  together  and' 
wrapt  up  under  one  common  membrane. 

13i  A mufcle  is  a bundle  of  fibres  joined  and  faf-' 
tened  together,  with  their  proper  veins,  arteries  and 
nerves..  It  is  divided  into  little  cells « by  tranfverfe 
fibres,  parallel  to  each  one,  whereby  it  may  be  con- 
tracted and  Shortened,  or  relaxed  .and  lengthened  again;- 
Its  extreme  parts  are  more  clofely  compared,  which 
we  term  tendons.  By  thefe  the  mufcles  are  connected 
with  the  neighbouring  parts.  A mufcle  generally  con- 
fifts  of  three  parts : the  upper,  termed  the  head,  the 
middle,,  termed  the  belly,  and  the  lower  part,  or  tail. 

Every  mufcle  is  divifible  into  fmaller  mufcles,  and- 
thofe  into  other  ftill  fmaller:  and- fo  on,  beyond  all 
imagination^:  The  lafl  and  fmalleft  parts  are  mufcular 
, . • 'V ' *'  • fibres^ 
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fibres.  But  there  is  no  afiignable  point  in  any  mufcle, 
wherein  there  is  not  fome  nerve.  And  here  all  the 

* ^ I 

nerves  difappear ; -(in  other  parts  their  extremities  ex- 
pand into  membranes.)  It, is  therefore  probable  that 
the  mufcular  fibres,  are  only  the  nervous  continued. 

14.  The. cuticle,  or  fcarf-fkin,  is  an  extremely  thin 
and  tranfparent  membrane,  void  of  fenfe,  and  cover- 
ing the  fkin  all  over,  flicking  fall  to  its  furface,  to 
which  it  is  alfo  tied  by  the  veffels  that  feed  it.  It  con- 
fids  of  feveral  layers  of  exceeding  final!  fcales,  which 
cover  one  another  where  it  is  thick.  But  in  the  lips, 
where  it  is  extremely  thin,  they  little  more  than  touch 
' one  another. 

In  fome  creatures,  (as  fifties)  thefe  fcales  are  only 
the  excretory  du&s  of  the  glands  of  the  fkin.  In 
others,  thofe  glands  have  their  proper  duffs,  opening 
between  the  fcales. 

It  is  fuppofed,  there  are  in  one  fcale  500  excretory 
duffs,  and  that  a grain  of  fand  will  cover,  250  fcales. 
If  fo,  a grain  of  fand  will  cover  125,000  of  our 
pores. 

The  cuticle  ferves  to  defend  the  nerves  of  the  fldn> 
'both  from  the  ain  which  would  dry  and  make  them 
lefs  fenfible,  and  from  rough  and  hard  bodies,  which 
. would  make  a painful  impreflion  on  the  naked  nerves. 

Negroes  have  a fkin  between  the  cuticle  and  the  true 
fkin.  They  are  born  white ; but  the  middle  fkin,  in  a 
little  time,  turns  black,  and  gives  that  colour  to  the 
whole  body.  . 

But  who  can  account  for  the  following  cafe  ? Sir 
Charles  Wager  had  a boy  about  eleven  years  old,  who 
was  bom  in  Virginia,  of  negro  parents.  Till  he  was 
three  years  old,  he  was  like  other  black  children.  He 
then,  without  any  diftemper,  began  to  have  little  white 
fpecks  upon  his  neck  and  bread,  Thefe  increafed  with 
his  years,  both  in  number  and  bignefs,  fo  that  from 
the  upper  part  of  his  neck,  quite  down  to  his  knees, 
he  was  dappled  with  white  fpots,  fome  of  them  broader 
than  the  palm  of  a man’s  hand.  They  were  wonder- 
fully white,  equal  to  the  fkin  of  the  faired  lady,  only 
fomewhat  paler.  His  face,  arms  and  legs,  were  per- 
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fe&ly  black.  He  was  exceeding  aftive;  fprightly,  and 
more  ingenious,  than  is  common  among  that  gene-: 
ration.  . ; 

Perhaps  the  following  fail  is  no  lefs  difficult  to  be  ' 
accounted*  for.-  A Negro  woman,  cook  to  Colonel 
Barnes,  in  Maryland,  about  forty  years  of  age,  re-r 
markably  healthy,  had  her  Ikin  as  dark  as  that  of  the 
moft  fwarthy  African.  But  that  part-  of  it  next  her 
finger  nails,  about  fifteen  years  ago  became  white. 
Her  mouth  foon  underwent  the  fame  change,  which 
has  fince  gradually  extended  over  the  whole  body.-  At 
prefent,  four  parts  in  five  of  her  Ikin,- are  white, 
fotooth,  and  tranfparent,  as  itt  a fair  European,  ele- 
gantly fliewingthe  ramifications  of  the  fub-jacent  bloodi 
ve/Tels.  The  other  parts  daily  lofe  their  blacknefs,  and 
partake  of  the  prevailing  colour.  The  neck  and  back 
retain  moft  of  their  priftine  hue ; the  head,  face,  breaft,. 
legs  and  arms  are  all  white.-  Her  face  and  breaft, 
when  anger  or  ftiame  has-been  excised  in  her,  have  been 
immediately  obferved  to  glow  with  blufhes.  This  is- 
the  naked  fadi ; but  upon  what  principles  of  philofophy 
.can  we  account  for  it  i- 

The  fkm  c,ovef*s  almoft  the  whole  body,;  and  is  form-- 
ed  of  whitilh  fibres,  intermixt  with  numberlefs  branches- 
of  nerves,  veins  and  arteries.  On  its  furface  are  many 
furrows,  or  indented  lines,-  having  generally  hairs  on 
each  fide,  and  pores,  or  little  holes  of  various  fizes,- 
ferving  for  the  tranfpiration  of  fuperfiuous  particles. 
Under  the  ikin  lie  the  fubcutaneous  glands,  which  are 
fuppofed  to  tranfmit  through  the  pores  an  inienfible 
.fteam,  commonly  believed  to  be  of  the  fame  kind  with 
what,  when  fenfibly  thrown  out,  is  called  fweat. 

The  pores  in  our  hands  and  feet  are  very  remark- 
able. Survey  with  a glafs  the  palm  ,of  your  hand, 

. well  walked,  and  you*  may  perceive  innumerable  little 
ridges,  of  equal  bignefs  and  diftance,,  every  where 
running  parallel  with  each  other  : thefe  are  very  ob- 
-fervable  on  the  ends  and  firft  joints  of  the  fingers  and 
.thumb,  and  near  its  root,  a little  above  the  wrift. 

On  theie  ridges  ftand  the  pores,,  all  in  even  rows. 
Through  a good  glafs  every  pore  looks*  like  a foun- 
; tain.  • The  fweat  may  be  feen  to  ftand  therein,  as  clear 
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as  rock  water.  The  ridges  are  fo  placed,  that  they  maf 
better  fuit  with  the  ufe  and  motion  of  the  hand  : thofe 
on  the  lower  fide  of  each  triangle,  to  the  bending  in 
of  the  fingers  : thofe  on  the  other  two  fides,  and  on 
the.  elliptic  ridges*  to  the  preflure  of  the  hand  or 
fingers  ends  againft  any  body,  requiring  them  to  yield 
to  the  right  and  left* 

The  pores  are  placed  on  thefe  ridges,  not  in  the 
furrows  between  them,  that  their  ftru&ure  may  be  lefs 
liable  to  be  injured  by  compreffion,  whereby  the  fur- 
rows only  are  dilated  or  contracted : the  ridges  con- 
ftantly  maintaining  themfelves  ; and  fo  the  pores  are 
unaltered.  For  the  fame  reafon  the  pores  are  very 
large,  that  they  may  be  the  better  preferved  though 
the  fkin  be  never  fo  much  compreffed  and  condenfed, 
by  the  con  ft  ant  labour  of  the  hand  s and  fo  thofe  on 
the  feet,  that  they  may  be  preferved,  notwithftanding 
the  compreffion  of  the  fkin,  by  the  weight  of  the 
whole  body. 

Through  the  pores  there  continually  tranfudes  a 
fubtle  vapour  from  every  point  of  the  body,  being 
what  redounds  of  the  aliment,  comminuted  to  the 
higheft  degree,  and  fent  to  repair  every  particle  of  it. 
And  the  matter  thus  evacuated  is  more  than  is  thrown 
out  by  all  the  other  paffages  together. 

A perfon  of  middle  age  found  what  he  perfpired  was 
five  eighths  of  the  food  taken  in : fo  that  there  re- 
mained only  three  eighths  for  nourifhment  and  all  other 
evacuations.  He  obferved  alfo  that  fo  much  is  per- 
fpired in  one  day,  as  paffes  by  ftool  in  fourteen  : and 
more  particularly,  that  m a night’s  time  about  fixteen 
ounces  are  ufually  thrown  out  by  urine ; four  by  ftool, 
and  about  forty  by  infenfible  perfpiration. 

If  a man  eats  and  drinks  eight  pounds  in  a day,  five 
pounds  of  it  pafs  by  perfpiration  j namely  about  one 
pound  within  five  hours  after  eating  ; (perfpiration  be- 
ing lead  of  all  foon  after  eating)  from  the  fifth  to  the 
twelfth  hour,  about  three  pounds,  and  from  the  twelfth 
to  the  fifteenth,  fcarce  half  a pound.  Exercife  in- 
creases perfpiration  much*  But  it  is  naturally  lefs  in 
tyromen  than  men. 

While  this  fleam  flows  from  our  body,  it  con  ftantly 
imbibes  afupplv  of  moifture  from  the  air,  which  ferves 
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to  .Keep  all  Its  parts  foft,  pliant  and  fit  for  motion 
Hence,  from  the  greater  moifture  of  the  air,  we  per- 
fpire.  lefs  in  winter  than  in  fummer,  and  in  rainy  wea-- 
ther  than  in  fair.  Live  therefore,  if  poflible,  in  a clean 
houfe,;  and  in  a pure,  dry  air. 

This  inhalation  is  very  confiderabk;  Dr.  Keil  found 
his  body  to  have  imbibed  in  one  night  eighteen  ounces 
of  moifture.  And  on  a fudden  change  of  weather 
from  dry  to  wet,  the  infpiration  fometimes  exceeds  the 
expiration  :•  there  being  abforbent- veins*  which  accom- 
pany the  numberlefs  arteries  from  which  the  perlpira- 
tion  is  difcharged.  To  the  matter  thus  imbibed  (not 
the  obftrudtion  of  the  pores }:  heafcribes^what  we  term 
a cold*!  -Sweating  cures  this,  by  throwing  out  the 
noxious  matter  which  was  imbibed  before. 

The  cutaneous  veflels  both  exhaling  and  inhaling** 
are  capable  of'  contraction  and  relaxation,  by  the 
power  of  the  nerves.  This  appears  from  the  effefts  of5 
the  paflions,  which  if  joyful,  > inereafe  the"  circulation, * 
and  relax  the  exhaling  veflels.  Thofe  paflions  on  the* 
contrary*  which  are  forrowful,  and  retard  the  circula- 
tion, contrail  the  exhaling  velfels,.  as  appears  from  the  * 
drynefs  and  corrugation  of  the  fkin,  like  a goofe-fkih 
after  frights ; and  from  a diarrhoea  caufed  by  fear.  But 
the  fame  alFeilions  fee’m  to  open  the  inhaling  veflels 
whence  the  variolous  or  peftilential  contagions  are  eafily 
contrailed  by  fear* 

The  benefits  of  infenfible  perfpiration  are  fo  greats 
that  life  cannot  be  preferved  witliout  it.  And  the  fub-- 
tilty,  equability  and  plenty  of  what  we  perfpire,  are  ' 
the  grand  fymptoms  of  health*- 

But  how  little  do  we  know  even  of  our  own  frame  ! 
It  has  hitherto  parted  as  an  unqueftionabfe  truth,  that 
the  fame  matter  which  paifes  by  infenfible  perfpiration, 
paffing  in  great  quantities,  is  fweat.  Whereas  an  in- 
genious jfliyfician*  Dr.  Rogers,  has  found  by  numerous 
. experiments,  that  a perfoa  geripires  abundantly  lefs* 
when  he  fweat s,  than  when  he  does  not ; that  one  who 
, perfpires  twenty-four  ounces  in  feven  hours  deep,  if  he 
iweats,  does  not  perfpire  above  fix^  This  he  tried 
many  times,  and  never  found*  it  to  fail.  Whence  he 
infers,  1.  That  it  is  not  the  fame  matter  which  is  eva- 
cuated by  infenfible  perfpiratioa  and  by  fweat . 2.  That 
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it  is  not  evacuated  through  the  fame  pores : 3.  That 
the  fweat-pores  are  abundantly  larger  and  fewer,  than 
thofe  which  ferve  infenfible  perfpiration  : 4.  That  fweat 
greatly  hinders  that  perfpiration,  both  by  covering 
thofe  pores  with  a clammy  liquor,  and  by  conftrihging 
them  fo  that  they  cannot  open  ; which,  mud  be  the 
cafe,  when  the  fweat-pores  are  dilated.  What  a field 
does  this  open  1 

Some  queries  propofed  concerning  perfpiration,  by 
an  ingenious  writer,  feem  to  deferve  a ferious  confide- 
ration.  1.  u Why  do  carnivorous  animals  fweat  fo 
little  ? A fox  hunted  almoft  to  death  never  fweats. 
2.  Why  do  thofe  which  feed  on  vegetables  peffpire  fo 
much  ? Horfes  and  cows  for  example.  . We  may  often 
fee  them  involved  in  a cloud  of  their  own  vapours,  yea, 
almoft  covered  with  froth.  3.  How  can  animals,  whofe 
natural  food  is  vegetables,  be  kept  alive,  and  in  health 
in  very  cold  climates,  by  purely  animal  food?  Cows 
in  Iceland  and  Norway,  are  fed  in  winter  upon  fifli- 
• bones.’1  I would  beg  leave  to  afk,  4.  Do  the  fweat- 
pores  only,  imbibe  ? Or  thofe  alfo,  which  ferve  for 
infenfible  perfpiration  ? , 

15.  Fat,  awhitifli,  oily  fubftance,  void  of  fenfe,  is 
iecreted  from  the  blood,  and  lodged  in  fmall,^ovaI^ 
membranous  bags,  which  (hoot  out  of  the  arteries. 
It  is  found  in.  various  parts,  but  chiefly  under  thefkin, 
where  (unlefs  a man  be  emaciated)  it  runs  co-extended 
with  the  fkin  over  moft  parts  of  the  body. 

Fat  is  fecfemed  from  the  arterial  blood  by  the  adipofe 
glands,  and  tranfmitted  again  from  the  membranous 
cells  to  the  blood  through  the  veins.  It  feems  to  be  a 
portion  of  the  blood  coagulated  by  the  nitrous  air  mixed 
with  it  in  the  lungs.  Artificial  fat  is  made,  by  mix- 
ing, for  fome  days,  oil  of  olives  with  fpirit  of  nitre. 
Hence  divers  animals  grow  fat  in  frofty  weather,  the 
air  then  abounding  with  nitre. 

The  ufes  of  the  fat  are  various ; as  to  facilitate  the 
motions  of  the  mufcles  in  all  parts,  leffen  their  attrition 
againft  each  other,  and  prevent  a ftiffnefs  or  rigidity ; 
it  fills  up  the  intermediate  fpaces  between  the  mufcles 
ip  fuch  a manner,  with  the  cavities  about  many  of  the 
vifcera,  that  it  readily  yields  to  their  motions,  and  yet 
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fupports  them  when  at  reft ; it  ferves  as  a ftratum  or 
bed  to  conduft  and  defend  the  vefiels  in  their  courfe  to 
all  parts  ; it  gives  an  uniform  extention  to  the  fkin, 
and  ferving  as  a cufhion  to  eafe  the  weight  of  the  body 
In  many  parts,  at  the  fame  time  it  renders  the  whole 
of  a comely,  agreeable  (nape  j it  probably,  by  return- 
ing and  mixing  with  many  of  the  humours,  abates 
their  acrimony  ; it  has  a principal  lhare  in  forming  the 
matter  of  the  bile,  and  by  tranfuding  through  the  car- 
tilaginous incruftations  of  the  bones,  it  mixes  with  the 
articular  liniment  or  fynovia ; alfo  by  exhaling  in  a 
living  perfon  from  the  mefentery,  mefocolon,  omen- 
tum, and  round  the  kidnies,  it  lubricates  the  furfaces 
of  the?  vifcera  with  an  oily  emollient  vapour,  and  by 
interpofing  betwixt  their  integuments,  prevents  their 
growing  ofteto  another. 

Yet  ]too  much  fat  is  a real  difeafe,  which  hinders  the 
motion  of  the  lungs,  entangles  the  moil  aftive  parti- 
cles of  the  blood,  and  naturally  creates  dulnefs  and 
heavinefs.  Y ou  may  cure  this,  by  following  three  plain 
rules  : eat  and  drink  little  j fleep  little  j work  much. 

\6.  The  fourth  general  integument  is  the  panniculus 
carnofus,  which  in  fome  parts  is  of  a flelhy  fubftance ; 
in  others,  a mere  membrane,  lying  juft  under  the  fat. 

* • • 4 * ->  • * » 

17.  The  diffimiliv  parts  are  compofed  of  the  fimilar. 
The  chief  of  thefe  is  the  head.  The  cavity  of  the 
fltull  is  nearly  filled  with  a foft  fubftance,  termed  in 
general,  the  brain.  But  this  is  properly  that  part  of  it 
which  lies  forward.  The  hinder  part  (confiderably 
fmaller)  is  called  the  cerebellum.  Under  both,  but 
chiefly  the  latter,  and  fprmging  from  the  internal  fub- 
ftance of  both,  is  the  medulla  oblongata.  . ; . 

The  fkull  is  divided  into  two  plates,  one  laid  over 
the  other.  Between  thefe  is  a fpongeous  fubftance, 
made  of  bony  fibres  detached  from  each  plate.  Hereby 
the  Ikull  is  made  not  Qnly  lighter,  but  far  lefs  liable  to 
fra&ures. 

The  Ikull  is  covered  with  a membrane  called  the 
pericranium.  This  has  feveral  holes,  which  give  paf. 
i'age  to  the  fpinal  marrow,  the  nerves,  arteries  and 
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vein£  But  thefe  fill  them  fo  nicely,  that  nothing  can 
pafs  into,  or  out  of  the  head,  but  through  thefe  veflels. 

It  is  round,  that  it  may  contain  the  more;  but  a 
little  deprefled  and  longifli,  advancing  out  behind,  and 
flatted  on  the  fides,  which  contributes  to  the  enlarge^ 
ment  of  the  fight  and  hearing. 

It  is  divided  into  pieces  by  four  futures.  This  makes 
it  lefs  liable  to  break,  gives  paflage  to  the  membranes, 
of  the  pericranium,  and  vent  to  the  matter  of  infenfible 
perfpiration. 

18.  All  thefe  arc  involved  in  two  membranes,  the 
inner  (called  pia  mater)  extremely  thin  y the  outer 
(called  dura  mater)  considerably  harder  and  thicker. 
Where  they  involve  the  cerebellum,  there  is  interpofed 
between  them  the  arachnoides,  a very  fubtle  and  tranf- 
parent  membrane,  which  defcending  through  the  hinder 
part  of  the  fkull,  together  with  them  involves  the  whole 
ipinal  marrow. 

19.  The  outer  part  of  the  brain  (called  the  cortex 
or  bark)  is  of  an  afliy  orgreyilh  colour.  It  is  formed 
from  the  minute  branches  of  the  neighbouring  arteries, 
which  being  wove  together  in  die  pia  mater,  enclofe 
the  inner  part,  ordinarily  to  the  thicknefs  of  about 
half  an  inch. 

It  cenfifts  therefore  of  innumerable  little  glands, 
contiguous  to  each  other,  (fuppofed  to  fecern  the  ani- 
mal fpirits)  which  are  of  themfelves  oval,  hut  by  their 
mutual  preffure  become  angular,  and  run  waving  with 
each  other. 

The  inner  part  (called  the  medulla)  is  white,  and 
terminates  in  another  medullary  fubftanoe,  very  white 
and  hard,  called  the  corpus  callofum.  *f  The  medulla 
vis  thought  to  confift  of  fine  tubes,  which  when- col- 
lected into  litde  bundles,  and  covered  with  membranes, 
are  termed  nerves. 

f .*  * 

20.  To  trace  this  a little  farther.  From  every  point 
©f  the  outer  brain  arife  minute  fibres,  which  in  their 
progrefs  uniting  together,  are eafily  perceptible.;  Thefe 
conftitute  the  fiibftance  of  the  inner  brain,  and  of  the 
fpUtjd  marrow.  In  their  farther  progrfcfs  they  are  dif- 
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tinguiftied  by  coats,  detached  from  the  two  membranes 
of  the  brain,  into  feveral  bundles  called  nerves,  refem- 
bling  fo  many  horfe-tails,  each  wrapt  up  in  a double 
tunic.  ' 

Several  of  thefe  part  from  the  reft,  in  the  brain  it- 
felf,  of  which  there  are  ten  pair ; one  on  each  fide. 
From  the  fpinal  marrow  there  arife  thirty  pair  more. 
All  thefe,  while  within  the  fkull  or  the  fpine,  are  pul- 
polls;  but  afterwards  harden,  acquire  a^coat,  and 
fpread  through  the  fmalleft  points  of  the  folid  parts  of 
the  body.  Their  coats  are  every  where  furniftied  with 
blood-veflels,  lymphatics,  and  veficles  of  a very  tight 
texture,  which  ferve  to  colled,  ftrengthen,  and  con- 
trad  their  fibres.  And  if  we  conftder,  1 . The  great 
bulk  of  the  brain,  cerebellum,  and  fpinal  marrow, 
(whereof  the  whole  fubftance  goes  to  conftitute  nerves, 
being  continued  into,  and  ending  in  them:)  2.  The 
great  number  of  nerves  diftributed  hence,  throughoi^t 
the  whole  body  : 3.  That  the  brain  and  fpinal  marrow 
are  the  bafts  of  an  embryo,  whence  the  other  parts  are 
afterwards  formed : And  laftly,  That  there  is  fcarc£ 
any  part  of  the  body,  which  does  not  feel  or  move  : it 
may  feem  not  altogether  improbable,  that  all  the  folid 
parts  of  the  body,  are  woven  out  . of  nervous  fibres, 
and  wholly  conftft  of  them. 

21.  The  brain  is  divided  into  four  ventricles.  Near 
the  rife  of  the  fourth,  there  is  a round  hole,  over  which 
is  fufpended  the  pineal  gland,  fo  called  from  its  re- 
fembling  the  fliape  of  a pine-apple. ; It  is  furmfhed  with 
veins  and  arteries,  and  enclofed  in  a thin  membrane, 
derived  from  the  pia  mater.  Des  Cartes  imagined  this  - 
to  be  the  feat  of  the  foul ; but  without  any  folid  reafoa. 
Nor  has  any  one  yet  been  able  to  difcover,  what  is  the 
ufe  of  it. — Is  it  fuch  a refervoir  of  blood  for  extraoy- 
< dinary  occasions,  as  fome  imagine  the  fpleen  to  be  ? 

The  brain  is  abundantly  bigger  in  proportion  in  mai* 
than  in  other  animals.  In  other  animals,  it  is  com- 
commonly  biggeft,  caeteris  paribus,  in  thofe  that  have 
znoft  fagacity. 

There  are  in  the  brain  multitudes  of  veffels,  fo  ex- 
, tremely  fmall,  that  if  a globule  of  blood  (a  million  of 
which  exceed  not  a grain  of  fand  in  biguefs)  weie  di- 
vided 
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^vided  into  500  parts,  thofe  parts  would  be  too  large  to 
pais  through  them.  And  thefe  veflels  are  as  large  in 
the  brain  of  a fparrow,  as  in  that  of  an  ox.  Nor  is 
there  any  difference  between  the  brain  of  a large  ani-  - 
mal  and  a fmall,  but  that  one  contains  far  more  of 
thefe  veflels  than  the  other.  But  the  globules  of  the 
fluid  pafling  through  them  are  in  all  animals  of  the 
fame  fize. 

The  outer  part  of  a turkey’s  brain  is  a very  clear 
and  tranfparent  oily  matter.  Innumerable  fine  blood- 
veflels  are  fpread  through  every  part  of  this.  And  if 
a fmall  part  is  cut,  there  flows  out  a fmall  globule  of 
pellucid  fluid.  > . ~ 

The  brain  is  not  abfolutely  neceflary  to  animal  life. 
Infants  have  been  born,  and  lived  fome  time  without 
any.  We  have  an  authentic  account  from  Paris,  of  a 
child  that  furvived  the  birth  four  days,  not  only  with- 
out a brain,  but  even  a head  : inftead  of  which  it  had 
a mafs  of  flefn,  fomewhat  like  liver.  In  1763,  a child 
was  born  alive  without  any  brain,  cerebellum,  or  me- 
dulla oblongta ; the  fkull  being  folid  : nor  had  it  any 
communication  with  the  fpinal  marrow.  Mr.  Du  Ver- 
ney  took  out  the  brain  and  cerebellum  of  a pigeon  : 
^yet  it  lived  and  walked  about.  Monf.  Chirac  took  out 
the  brain  of  a dog  ; yet  he  lived.  On  taking  out  the 
cerebellum,  he  feemed  dead  ; but  revived,  when  he 
blew  into  the  lungs,  and  continued  alive  an  hour.  Nay, 
there  are  many  inftances  of  infedts  living  a long  time, 
after  their  head  is  cut  off.  Hence  it  appears,  that  the 
fpinal  marrow  alone  may,  for  a feafon,  fuffice  both  for 
«life,  fenfation  and  motion. 

Are  there  diftinfl  provifions  for  the  vital  or  fpon- 
taneous,  and  for  the  animal  or  voluntary  adtions  ? And 
does  the  cerebellum  furnifh  the  heart,  and  other  vital 
organs  with  nerves,  while  the  brain  fupplies  the  nerves, 
which  go  out  to  the  organs  of  fenfe  and  voluntary  mo- 
tion ? This  is  an  elegant  fyftem,  but*is  every  where 
confuted  by  anatomy.  From  the  cerebellum,  the  fifth 
pair  of  nerves  is  manifeftly  produced}  but  this  goes 
to  the  tongue,  to  the  mufcles  of  the  outward  ear,  of  . 
the  eye,  and  of  the  nofe,  which  are  parts,  all  of  them 
either  moved  by  the  will,  or  elfe  deftined  to  fenfation. 
Again,  from  ^one  and  the  fame  nerve  there  are  vital 
' ' ' branches 
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branches  fent  to  the  heart  and  lungs,  and  others  that 
are  animal  and  voluntary  to  the  larynx,  or  fenfitive  in 
the  ftomach.  - Laftly,  the  repeated  accounts  of  injuries 
to  the  cerebellum,  being  fo  fpeedily  fatal,  are  not  al- 
together true  ; for  that  both  wounds  and  fcirrhofities 
of  this  part  have  been  fuftained  without  any  fatality  to 
the  patient,  may  be  affirmed  by  certain  experience. 

22.  The  eyes  next  offer  themfelves  to  our  obferva* 
tion,  guarded  by  the  eye-lids,  eye-la(hes,  and  eye- 
brows. The  eye-lids  confift  of  the  cuticle,  the  &in, 
thin  expanfion  of  the  parmiculus  camofus,  and  an  in- 
ward coat.  A palifade  of  Ihort,  but  ftiff  hairs  grows 
out  of  their  cartilaginous  edge,  both  to  break  the  too 
fierce  impreffion  of  the  rays  of  light,  and  to  prevent 
any  thing  from  getting  into  the  eye,  when  open.  Thefe 
hairs  only  grow  to  a convenient  length,  and  their  points 
ftand  out  of  the  way;  thofe  of  the  upper  eye-lids  be«» 
ing  bent  upward,  and  thofe  of  the  lower,  down- 
ward. Mean  time  the  eye-brows  hinder  fweat,  or  any 
tiling  elfe  which  might  be  hurtful,  from  falling  down 
from  the  forehead. 

. Both  the  eye-lids  are  moveable  ; but  chiefly  the  up- 
per. Animals  which  have  hard  eyes,  as  lob  tiers,  need 
none,  and  therefore  have  no  eye-lids.  But  molt  brutes 
have  an  additional  eye-lid  (called  the  nictitating  mem- 
brane) which  draws  like  a curtain,  to  wipe  off  what 
might  incommode  the  eye.  The  monkey  indeed  has  it 
not,  as  being  furnilhed  with  hands  like  a man. 

23.  The  eye  can  move  upward,  downward,  to  ei- 
ther fide,  and  round,  either  toward  the  right  or  left. 
For  thefe  fix  motions,  fix  mufcles  are  allotted,  which 
fpread  their  tendons  far  into  the  eye.  At  each  inner  cor- 
ner of  the  eye,  there  is  a gland  with  two  or  three  duCts, 
which  opening  on  the  inner  furface  of  the  eye-lid,  keep 
the  eye-ball  moift,  to  facilitate  its  motion.  By  thefe 
glands,  tears  alfo  are  fecemed.  The  eye  is  connected 
with  the  furrounding  bones  by  the  tunica  adnata,  com- 
mfonly  called  the  white  of  the  eye:  in  the  midft  of 
which  is  a large  hole  for  the  tunica  cornea,  through 
which  the  iris  and  pupil  appear.  The  whole  ball  of 
the  eye  rifes  from  the  optic  nerve,  and  is  formed  of 
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three  coa ts,  propagated  from  it,  and  as  many  Hu- 
mours; two  of  which,  have  each  a coat  of  its' own* 
alfo.  The  eye  therefore  has  live  coats  in  all  : three 
common,,  and  two  to  contain  their  feveral  humours- 
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24.  The  outer  molt  coat,  proceeding  from  the  dura* 
mater,  and  furrounding  the  whole  eye,  is  termed  the' 
felerotica the  fore  part  of  it  being  tranfparent  like 
horn,  is  thence  ftiled  the  cornea.  This  is  more  con- 
vex than  the  reft  of  the  eye.  It  is  compofed  of  feveral 
parallel  plates,  which  are  nouriihed  by  many  blood> 
veflels  y but  fo  fine,  as  not  to  hinder  the  fmalleft  rays 
of  light.  It  has.  an  exquifite  fenfe,  that  on  the  leaft 
touch  of  any  thmg,  the  tears  may  be  exprefled,  to* 
wafh.  off  any  filth,,  which  by  adhering  to  it  might  ren- 
der it  dim  or  cloudy.  The  reft  of  the  felerotica  is* 
opaque,  and  of  the  fame  colour  with  the  dura  mater. 

_ The  fecond  coat  is  called  the  uvea*  It  is  much  thin** 
ner  than  the  formerr  though  thicker  than*  the  pia  ma- 
ter, from  which  it  proceeds.  In  the  forepart  of  it  is  a 
round  hole,  which  with  the  chryftalline  humour  inter- 
pofeef,  conftitutes  the  pupil,,  furrotinded  by  the  iris,  fo 
named,  from  its  fuppofed  refemblance  to  the  colours 
of  the  rainbow.  The  third  and  inmoft  coat  is  termed 
the  retina.  It  is  extremely  thin  and  foft,,  and  darker-  > 
coloured  than  the  lower  part  of  the  optic  nerve*  of 
which  it  is.  a continuation. 

“ If  it  be  quetlioned,  fays  Dr.  Haller,  whether  thp: 
objeft  is  painted  upon  the  retina,  or  upon  the  cho- 
rd des  ; we  anfwer^  this  late  foppofition  is  inconfiftent 
with  known  obfervation,  by  which  the  retina  is  evident- 
ly a moll  fenlible  expanfion  of  the  nerve,  while  the  , 
choroides  has  only  a^  few  nerves,  with  fmall  velfels,; 
which  are  certainly  blind?  It  is  alfo  oppofed  by  the 
great . variety  of  the  choroides-  in  different  "animals, 
while  the  conflant  uniformity  of  die  retina  is  equally 
remarkable;  to  which  add  the  black  membrane,  that 
is  interpofed  betwixt  the  retina,  and  choroides,  in  fome 
kinds  of  fifh.  Finally,,  anatomy  demonftrates,  that 
the  choroides  is  featedin  the  blind  part  of  the  eyei  but 
is  itfelf  of  a white  colour.” 
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25.  The  aqueous  humour,  refembling  the  colour 
and  confiftence  of  water,  lies  in  the  forepart  of  the 
eye,  juft  behind  the  cornea  : its  interior  furface  is  con- 
vex  ; the  other*  a little  concave.  Whence  this  hu-* 
xnour  is  derived  we  cannot  tell;  but  its  fource  muft  be 
plentiful  : for  if  the  coat  containing  it  be  fo  wounded1* 
that  all  the  humour  runs  out,  it;  needs  only  to  keep  the 
eye  clofe  for  a feafQn*  and  the  wound  will  heal,  and: 
the  humour  recruit*  ; 

Indeed  an  eminent  Italian  affirms,. that  he  has  flit 
the  pupil  of  divers  animals,  and  fqueezed  out  all  the:^ 
humours,  and  has  afterwards  reftorecT  them  perfeftly. 
to  fight : nay*  that  the  eyes  of  many,  inftead  of  being 
damaged  thereby*  feemed  more  lively  and.  vigorous 
than  before. 

The  fecond  humour,  termed  (improperly  enough} 
the  chryftalline,  confifts  of  many  thoufand  filaments* 
tending  from  the  circumference  to  the  centre,  and1 
clofely  woven  together.  It  is  a little  convex  before, 
and  more  behind.  It  ferves  to  refradl  the  rays  of  light, 
fo  that  they  may  meet  and  form  an  image,  on  the  botn 
tom  of  the  eye.  It  is  fet  in  the  forepart  of  the  vitre- 
ous humour,  like  a diamond  in  its  collet,  and  is  re- 
tained  there  by  a membrane  that  furrounds  it,  thence 
called  its  capfula.  It  is  toward  the  outfide  like  a jel- 
ly but  toward  the  centre  as  hard  as  fait.  The  figure 
of  the  outer  part  is  varied  by  a ligament  annexed* 
which  can  make  it  either  more  or  lefs  convex,  or  move 
it  to  or  from  the  retina.  And  this  is  abfolutely  necek 
fary,  in  order  to  diftin<5t  vifion  t for  as  the  rays  of  dif- 
tant  objects  diverge  lefs  than  tfiofe  of  near  obje<fts,  the, 
chryftalline  muft  either  be  made  lefs  convex,  or  be  fet 
farther  from  the  retina. 

When  dried,  it  appears  to  confift  of  a vaft  number 
of  thin,  round  fcales,  one  upon  another,  2000  of 
which  have  been  counted  in  one  chryftalline.  Each  of 
thefe  confifts  of  a Angle  fibre,  wound  this  way  and 
that,  in  a ftupendous  maimer,  fo  as  to  run  feverai 
courfes,  and  meet  in  as  many  centres,  and  yet  not  in- 
terfere or  crofs  in  any  place. 

The  third,  which  is  termed  the  vitreous  humour,  is 
not  unlike  melted  glafs.  It  is  covered  with  an  exceed- 
- . _ ing 
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fng  thin  coat.  The  forepart*  is  concave,  as  receiving 
the  chryftalline  y the  other  fidfe  is  convex. 

\ The  whole  apparatus  of  the  eye  tends  to  this,  that' 
there  be  produced  in  the  bottonr  of  rt,  a dfftinCt  collec-  ' 
tion  of  all  the  rays*  whtch^  proceeding  from  any  point 
erf  an  objeCi;  penetrate  the  chryftalline  humour,  that 
fo  an  image  of  that  objeCt  may  be  painted  there.  In 
order  to* this*  the*  rays  linking  on  the  cornea,  are  re- 
flected toward  perpendicular,  and  thus'direCfed  through* 
the  pupil'  to  the  chryftalline;-  Meantime  the  iris,  con- 
tracting or  dilating  the  pupil,  admits  fewer  or  more 
rays*  as  the  object  is  more  or  lefs- vivid. 

Now  the  flatter  the  cornea  is,  the  fewer  rays  dbes  it 
colleCtand^tranlinit  to  the  chryftalline,  and  thofemore 
diverging.  The  rounder  it  is,  the  more  rays  does  it 
collect  and  tianfmk,,  and  thofe  more  converging.  . It 
k too  flat  in  old'  men  j.  it  is  too  round  in  them  that  are 
fhort-fightech  The  rays  tranfmitted  through  the  pupil 
K>  the  chryftalline  humour,  are  there  refracted^  anew* 
eolleCted:  and  rendered  converging,  and  thofe  that 
come  from  the  fame  point,  are  thrown  in  one  point 
on  the  bottom  of  the  eye.  But  if  the  chryftalline  be 
too  denfe*  the  focus  (or  point  wherein  they  unite)  will 
be  tob  near  : if  that  be  not  denfe  enough,  it  will  be  too 
remote*  And  this  is*  another  caufe  of  Ihort-fightednefs, 
or  the  contrary  dfefeCh 

‘ In  all  vifton  both<  the  eyes  are  nfed  at  once.  And 
both  together  (as  any  one  will  find  upon  trial)  behold 
an  object  in  another  fituation  than  either  of  them  apart 
would  do.  Hence  a gentleman  who  had-  one  of  his 
eye£  fbuck  out,  for  fame  months  after  was  apt  to  mif- 
take  the  fituation  of  things  : and  when  he  attempted  to 
pour  liquors  into  phials,  .often  poured  them  quite  be- 
fide  the  neck  of  the  phials* 

Two  eyes  greatly  contribute*  if  not  to  diftinCfc,  at 
leaft  to  extenfive  vifion.  When  an  objeCbis  placed  at  a 
moderate  diftance,  by  the  means- of  both  eyes  we  fee  a 
larger  fhare  of  it  than  we  poffibly  could  with  one  $ the 
right  eye  feeing  a greater  portion  of  its*  right  fide,  and 
the  left  eye  of  its  correlpondent  fide.  Thus  both  eyes 
in  fomemeafurelee  round  the  objeCt;  and  it  is  this- that 
gives  it  in  naturey  the  bold  relievo*  or  fwelling,;  with 
which  it  appears ; and  which  no  painting,  how  exqui- 
Ute  lbever,  can  attain  to.  The  painter  muft  be  con- 
tented 
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tented  with  (hading  on  a flat  furface-;  but  the  eyes  ia 
obferving  nature*  do  not  behold. the  (hading  only,  but 
a part  of  rhe  figure  alfo,  that  .lies  behind  thofe  very 
(hadings,  whieh  gives  it  .that  fwelling,  which  painters 
can  never  (fully  imitate. 

There  is  . another  defed,  which  either  of  the.eyes, 
taken  (ingly,  would  have,  but  which  is  corrected,  by 
having  the  organ  double.  In  either  eye  there  is  a point, 
which  has  no  vifion,  fo  that  if  . one  of  them  only  ■% 
employed  in  feeing,  there  is  a part  of  the  object  to 
which  it  is  always  totally  blind.  This  is  that  .part  of,, 
the  optic  nerve  where  its  vein. and  artery  run  ; .that 
point  of  the  object  .that  is,_painted  there,  mull  continue 
unfeen.  To  he. convinced  of  this,  we  have  only  to. try 
a very  eafy  experiment.  If  we  take  three  black  patch- 
es, and  (lick  them  upon  a white  wall,  about  a foot  dif- 
tant  from, each  other, .each  about. as  high  as  the  eye 
that  is  to  obferveihem  j then  retiring  .fix  or  fevenfeet 
back,  and  (hutting. one  <geye,  by  trying  <for  fometime, 
we  (hall  find,  that  while  we  diftinftly  behold  the. black 
fpots  that  are  to  the  right  and  left,  that  which  is  in  the 
middle  remains  totally  unfeen.  When  we  bring  that 
part  of  the  eye,  where  the  optic  artery  runs,  to  fall  up- 
.on  the  object,  it  will  become  invifible.  This  defeat,  in 
either  eye,  is.correiledshy  'both,  fince  the  part  of  the 
object  that  is  uufeen  .by  one,  will  be  diftin^Uy perceived 
by  the  other. 

The  form  of  the  eye  is  the  mod  commodious  which 
can  be  imagined.  It  is  fitted  both  to  contain  the  hu- 
mours within,  and  to  receive  the  images  of  objects 
from  without.  Was  it  fquare,  or  of  any  multangular 
- form,  fome  of  its  parts  would  lie  too  far  off,  and  fome 
too  nigh  thofe  lenticular  humours,  .which  by  their  re- 
;i  fractions  caufe  vifion.  But  -hymeans  ot  this  form,  the 
humours  are  fitly  placed  to  ..perform  their  office  of  re- 
fraction, and  the  little  darkened  cell  neatly  adapted  to 
receive  the  image  of  the  objeft. 

Again.  As  it  is  neceffary  for  -the  eye  to  move  vari- 
ous ways,  in  order  to  adjuii  -itfelf  to  various  cbjefls,; 
fo  by  this  figure  it  is  well  prepared  Tor  fuch  motions, 
and  can  with  eafe  direct  itfelf  as  occafion  requites. 

No  lefs  commodious  4s  the  fituation  of  the  eye:  in 
the  mod  eminent  part  of  the  body,  and  near  the  mod 
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fenfible  part,  the  brain.  By -its  eminence  in  the  body, 
it  can  take  in  the  more  objects  : and  by  its  fituation  in  - 
the  head,  befide  itnearnefs  to  the  brain,  it  is  mod  con- 
veniently placed  for  defence  and  fecurity.  In  the  hand 
it  might  have  been  more  ready  for  fervice : but  to  how 
many  dangers  would  it  have  been  expofed  ? The  lame 
may  be  faid,  as  to  its  fite  in  any  other  part  but  where 
it  is.  But  the  head  is  a part  that  feems  contrived  and 
inade,  chiefly  for  the  ufe  of  the  principal  fenfes. 

Some  odd  circamftances  relative  to  the  eyes,  are  re- 
lated by  a phyfician  in  the  Philofophical  Tran  factions. 

**  A perfon  had  no  vHible  difeafe  in  his  eyes  ; yet 
Could  not  fee,  unlefs  he  fqueezed  his  nofe  with  his  fin- 
gers, or  faddled  it  with  narrow  fpe&acles,  and  then  he 
faw  very  well. 

“ A maid,  28  years  old,  could  fee  very  well,  but  no 
Colour  befides  white  or  black.  She  could  fometimes, 
in  the  greateft  darknefs,  fee  to  read  almoft  a quarter 
of  an  Hour. 

u A fadler’s  daughter  had  an  impofthume,  which 
broke  in  the  corner  of  her  eyes.  And  put  of  it  there 
Came  about  thirty  ftones,  as  big  as  fmall  pearls. 

“ A young  man  in  Suffolk,  about  twenty  years  of 
age,  has  all  the  day  a clear  and  ftrong  fight.  But  when 
twilight  comes,  he  is  quite  blind  5 nor  can  he  fee  any- 
thing at  all,  either  by  fire-light  or  candle-light.  No 
glafles  give  him  any  help.  He  has  been  thus,  ever 
fince  he  can  remember.  This  cloudinefs  comes  gradu- 
ally upon  him,  like  a mill,  as  day-light  declines.  It 
is  juft  the  fame,  both  .in  fummer  and  winter,  and  at  all 
times  of  the  moon. 

“ When  I was  about  fixty,  my  fight  was  fo  decayed, 
that  I could  not  diftinguifh  men  from  women.  I re- 
ceived no  help  from  any  glafles,  till  I took  fpeffacles 
With  the  largeft  circles.  Clofe  to  the  upper  femicircle 
on  both  fides,  1 cut  the  bone,  and  taking  out  the  glalf- 
es,  put  black  Spanifh  leather,  taper-wife,  into  the  emp- 
tied circles.  Tn&fe  took  in  my  whole  eye  at  the  wider 
end,  and  through  the  narrower  end  I can  read  the 
fmalleft  print.  Into  this  end  I can  only  put  my  little 
finger,  not  quite  to  the  firft  joint.  But  they  may  be 
made  wider  or  narrower,  and  longer  or  fhorter,  as  beft 
fits  every  eye. 
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f‘  At  firft  T could  not  bear  them  above  two  hours  at 
a time:  now  I can  ufe  them  above  twelve  hours  in  four 
and  ’twenty.  And  they  prove  a great  help  to  thole 
. who  . are  purblind,  who  have  weak  eyes,  or  decayed 
-with  age.  But  for  the  purblind  they  mud  be  made 
Shorter  : longer  for  eyes  decayed  with  age. 

“ Indead  of  leather,  they  may  be  made  of  paper,, 
coloured  black  and  paded  on  ; and  with  inner  folds  to 
-be  drawn  out,  from  one  inch  to  three.” 

In  fome  men  the  iris  -has  a faculty  of  darting  out 
light.  Dr.  Willis  mentions  one,  who  after  drinking 
wme  plentifully,  could  fee  to  read  in  the  darked  night. 
And  Pliny  records  of  Tiberius  Casfar,  that  if  he  waked 
in  the  night,  he  could  fee  every  thing  for  awhile,  asm 
the  broad  day-light.  Dr.  Briggs  gives  a parallel  in- 
dance of  a gentleman  in  Bedfordflnre. 

We  find  various  fubditutes  for  the  ufe  of  the  eyes, 
in  many  blind  perfons.  In  dome  the  defeat  has  bfeen 
Supplied,  by  an  excellent  gift  of  remembring  what 
they  had  feen : in  fome  by  a delicate  fenfe  of  fmelling  ; 
in  others,  by  a fine  fenfe  of  hearing.  So  Richard 
Clutterbuck  of  Redborough  in  Gloucederfhire,  who 
was  done-blind,  had  fo  curious  an  ear,  that  he  could 
hear  the  fine  fend  of  an  hour-glafs  fall.  In  fome  it  has 
been  fupplied  by  an  exquifite  fenfe  of  feeling.:  fo  that 
the  fame  Richard  Clutterbuck  was  able  to  perform  all 
forts  of  curious  works.  He  could  not  only  take  a 
watch  in  pieces,  and  fet  It  together  again,  but  could  - 
alfo  mak-e  all  forts  of  dringed  indruments  of  mufic. 
He  likewife  played  on  them  by  notes  cut  in  their  ufual 
form,  and  fet  upon  protuberant  lines  on  the  wood. 
Yet  even  this  hardly  came  up  to  the  fkill  of  Van-Eyck, 

_ the  organid  of  Utrecht,  who,  though  he  had  been 
blind  from  two  years  old,  played  on  kll  forts  of  in- 
struments. 

'Others  have  Iseen  able  to  take  a face  by  the  touch* 
and  mould  it  m wax  with  the  utmod  exaftnefs : as  was 
the  blind  fculptor,  who  thus  took  the  likenefs  of  the 
Duke  de  Bracciano,  and  made  a marble  datue  of  King 
Charles  I.  extremely  well. 

$»  '*  * * ^ * ‘ ' | M ■.  4 ■»  •<*  - •'  '*  • ~ • > * Jl  * ' 

26.  But  more  than  all  this,  fome  perfons  have  been 
able  even  to  didinguilh  colours  by  the  touch.  Peter 
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ef  Maeftricht,  though  perfectly  blind,  diftinguiftied  by 
his  touch  the  different  colours  of  cloth.  John  Vermaa- 
fen  of  Utrecht  did  the  fame*  judging  by  the  different 
degrees  of  roughnefs  which  he  felt. 

Yet  blind  perfons,  even  though  they  diftinguifli  them 
by  the  touch,  have  no  idea  of  vifible  objefts.  Thus 
the  gentleman  couched  by  Dr.  Cheffelden : he  had  no 
idea  of  diftance,  but  imagined  all  the  objects  he  faw, 
touched  his  eyes,  in  the  fame  manner  as  thofe  he  felt 
did  his  {kin. 

An  extra#  from  Dr.  Cheffelden’s  account  of  this  per- 
fon,  'will  not  be  unacceptable  to  the  curious. 

« This  young  gentleman  could  in  a ftrong  light  dif-  . 
tinguilh  black,  white,  and  Pallet.  Yet  the  faint  ideas 
he  Had  of  them  before  he  was  couched,  did  not  fuffice 
to  make  him  know  them  after.  He  now  thought  fear- 
let  the  moft  beautiful  of  all  colours.  Of  others,  the 
moft  gay,  were  the  moft  pleafing.  But  the  firft  time 
he  faw  black,  he  was  very  uneafy  * yet  after  awhile 
he  was  reconciled  to  it.  When  he  firft  faw,  no  objeSs 
were  fo  agreeable  to  him,  as  thofe  that  were  fmoOth 
and  regular:  although  he  knew  not  thefhapeof  any 
thing,  nor  could  diftinguifh  one  from  another,  either 
by  its  fhape  or  fize.  Being  told  what  thofe  things  were, 
whofe  forms  he  knew  by  feeling,  he  would  carefully 
obferve,  that  he  might  know  them  again.  Thus  having 
often  forgot,  which  was  the  cat  and  which  the  dog,  he 
was  afhamed  to  a{k.:  but  catching  the  cat,  (which  he 
knew  by  feeling)  he  looked  at  her  fteadfaftly,  and  ' 
(aid,  **  So,  pufs,  I ihall  know  you  another  time.”  He 
was  furprifed,  that  the  things  or  perfons  he  liked  beft, 
did  not  appear  moft  .agreeable  to  his  fight,  expecting 
‘ that  what  was  moft  pleafing  to  his  other  fenfes,  would 
be  fo  to  his  fight  alfcu 

« We  thought  he  foon  knew  the  nature  of  pictures  ; 
but  found  afterwards  we  were  miftaken : for  it  was 
two  months  after  the  operation,  before  he  difeovered 
that  they  reprefented  folid  bodies.  Even  then  he  was 
no  lefs  furprifed,  expecting  they  would  feel  like  the 

things  they  reprefented.  He  was  amazed,  that  thofe 
parts,  which  by  their  light  and  (hade  appeared  round 
and  uneven,  {hould  feel  like  the  reft,  and  afked,  which 
was  the  lying  fenfe,  feeling  or  feeing  ? Being  fhewn 
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his  father’s  pi&ure  drawn  in  miniature,  and  told,  what 
it  was,  he  acknowledged  the  likenefs  ; but  afked,  how 
it  could  be,  that  fo  large  a face  fhould  be  contained  in 
fo  little  room  ? Saying,  it  would  have  feemed  as  im- 
poffible  to  him,  as  to  put  a bufhel  of  any  thing  into  a 
pint.  But  even  blindnefs  he  obferved,  had  this  advan- 
tage, that  he  could  go  any  where  in  the  dark,  better 
than  thofe  that  could  fee.  And  after  he  was  couched* 
he  did  not  lofe  it,  but  could  go  all  about  the  houfe 
without  a light.  Every  new  object  gave  him  new  de- 
light, fuch  as  he  wanted  words  to  exprefs.  He  was 
particularly  delighted  when  he  firft  faw  a large  prop- 
ped, and  called  it  a new  kind  of  feeing.  Being  after- 
wards couched  in  his  other  eye,  he  faid  that  objeds  ap- 
peared larger  to  his  eye;  though  notfo  large  as  they 
did  to  the  other,  when  it  was  newly  couched.  But 
looking  on  them  -with  both  eyes  they  feemed  twice  as 
large,  as  if  he  looked  with  that  only.” 

27.  I would  beg  -leave  to  propofe  a few  queries  here,' 
to  which  I have  not  found  a fatisfadory  anfwer. 

1-  Why  do  we  fee  things  falfe  with  one  eye  ? Parti- 
cularly with  regard  to  their  fituation. 

2.  How  do  the  two  eyes  compound  the  rays  of  lights 
fo  as  to  fee  right  ? 

3.  Why  do  we  not  fee  all  things  double? 

4.  Since  all  things  are  painted  upfide  down  on  the 
bottom  of  the  eye,  why  do  we  not  fee  them  fo  ? 

28.  We  now  proceed  to  the  ear,  formed  with  exqui- 
fite  wifdom,  for  the  conception  of  founds.  The  out- 
ward ear  confuting  of  an  oval  cartilage,  externally 
convex,  concave  within,  leads  by  various  windings  to 
the  meatus  auditorius,  which  is  firft  cartilaginous,  and 
then  bony.  It  is  filled  with  a vifcid  matter,  called  the 
ear-wax,  which  is  fnpplied  from  the  veflels  placed  in 
the  fkin,  furrounding  die  meatus,  to  hinder  any  hurt- 
ful animal  from  creeping  into  the  ear.  The  meatus  is 
clofed  within , by  a thin,  dry,  tranfparent  membrane, 
affixed  to  a bony  circle,  which  is  called  the  membrana 
tympani.  Behind  it  is  the  cavity  of  the  os  petrofum, 
which  is  termed  the  drum. 

The  outward  ear  has  two  parts,  that  which  ftands 
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.ant  from  the  head,  called  the  auricle,  and  the  narrow 
paffage  which  enters  the  fkull,  called  meatus  audito- 

frus.  4 ^ ..'i  ' , ^ ; * 

The  auricle  is  furrowed  with  divers  winding  .canals* 
which  receive  and  colledt  the  various  undulations  of  the 
air.  They  who  have  loft  this,  hear  very  confufedly,* 
unlels  they  ufe  a trumpet,  or  form  a cavity  round  the 
ear,  with  their  hands.  „ 

It  is  a wife  provifion,  that  the  fubftance  of  the  au*  / 
ricle  is  cartilaginous.  Had  it  been  bone,  it  would  have 
been  troublefome,  aud  might  by  many  accidents  have 
been  broken  off.  If  flefh,"it  would  neither  have'  re- 
mained expanded,  nor  4b  well  have  received  or  con- 
veyed the  founds.  Rather  it  would  have  blunted  them, 
and  retarded  their  progrefs  into  the  organ.  But  being 
hatch  and  curioufly  fimooth  and  winding,  founds  find 
fin  eafy  paffage,  with  a regular  refradtiop,  as  in  a well* 
built  arch.,  \ i 

It  is  obfervable,  that  in  infants  in  the  womb,  and 
newly. born,  the  meatus  auditorius  is  dole  fhut  up, 
-partly-  by  the  conftrudtion  of  the  paffage,  and  partly 
by  a glutinous  fhbftance,  whereby  the  drum  is  guarded 
againft  the  water  in  the  fecundine,  and  againft  the  in- 
juries of  the  air,  as  foon  as  the  infant  is  born. 

it  js  remarkable,  that  in  the  ear  of  moft,  if*  not  all 
animals,  whete  the  meatus  auditorius  is  long  enough  to 
afford  harbour  to  ear-wigs,  or  other  infects ; ear-wax 
Is  conftandy  to  be  found.  But  in  birds,  whofeears  are 
covered  with  feathers,  and  where  the  drum  lies  but 
a; little  within  the  fkull,  no  ear-wax  is  found,  becaufe 
none  is  neceffary  to  the  ears  fo  well  guarded,  and  fo 
little  tunnelled.  ^ » 

t - • • - * 

4 29.  In  this,  befides  a little  branch  of  nerves,  there 
are  four  little  hones,  two  paffages,  and  two  windows. 
Three  of  thofe  bones,  from  fome  imagined  refemblaxice, 
are  ftiled  the  hammer,  the  anvil,  and  the  ftaple  : the 
fourth  is  termed,  the  orbicular  bone.  Thefe  are  faf* 
tened  by  ftrong  ligaments  to  each  other,  and  to  the 
neighbouring  parts.  The  paffages  go  from  the  fide  of 
the  drum  : one  of  which,  termed  the  labyrinth,  by  a 
very  winding  way,  carries  apart  of  the  auditory  nerve 
to  the  external  mufcles  of  the  head.  The  other  paffes 

* . . from 


C 51.  ) . 

from  the  bottom  of  the  drum  to  the  palate ; whereby 
not  only  air,  if  needful,  may  be  received,  but  the  de- 
fed  of  hearing,  in  fome  meafure  fupplied  by  fpeaking 
to  the  mouth..,  .,"1 

The  labyrinth  contains,  befides  the  entrance,  three 
bony,  femicircular  cavities,  and  a bony  canal,  in  the 
form  of  a lerew,  divided  into  two  parts,  from  the  top 
to  the  bottom.  The  labyrinth  is  lined  throughout  with 
a thin  membrane,  furnifhed  with  veins,  arteries  and 
nerves.  And  this  membrane  may  not  improbably  be  * 
the  organ  of  hearing.  if  .. 

- The  curious  ftru&ure  of  the  labyrinth  and  fcrew, 
tend  to  make  the  weakeft  founds  audible.  Thofe  ca- 
nals, by  their  winding,  contain  large  portions  of  the 
auditory  nerve,  upon  every  point  of  which,  at  once 
the  jfound  being  impreft,  becomes  audible  and  by 
their  narrownefs  the  founds  are  hindered  from  dilating, 
which  mu  ft  have  weakened  them  proportionably. 

The  ftrength  of  the  impreflion  is.likewHe  increafed, 
by  the  elafticity  of  thefides  of  the  bony  canal ; which 
receiving  the  firft  impulfes  of  the  air,  reverberate  them 
on  the  auditory  nerve.  ...  • 

.The  auditory  nerves  are  diftributed,  one  to  the  ear, 
the  other  td  the  eye,  tongue,  and  parts  adjoining.  By 
the  diftribution  thereof  to  different  parts,  an  admirable 
confent  -is  eftabliflied  between  them.  Hence  it  is,  that 
moft  animals  hearing  a ftrange  found,  eredt- their  ears 
to  catch  it,  open  their  eyes,  and  are  ready  with  their 
mouth,  to  ihriekuor  call  for  help.  A ' farther  ule  of 
this  nervous  communication  between  the  ear  and  the 
mouth ’is,  that  the  voice  may  correfpond  with  the  heap- 
ing,  and  bp  a kind  of:  echo  ^thereof:  and  that  what  is 
heard  with  one  of  thefe  nerves,  may  readily  be  cx- 
:js*efled  by  therihelp  of  the. other,  j * 

And  now  what  Jefs  than  an  infinitely  wife  God, 
*could  contrive  lb  fine  an  organ,  and  fuch  a medium, 
do  fufceptiblerof  every  impreflion, ; that  the  fenfe  of 
•bearing  hath  occafion /for,  to  empower  all  animals  to 
-exprefs  their  meaning  to  each  other,  with  endlefs  va- 
-rtety  ? Yea,  what  lefs  could  form  iuch  aivaaoonorny  as 
that' of  mufic  is  ? So  that  the  medium  conveys  the  me- 
lodious vibration  of  every  animal  voice  or  weli-tuiied 
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inftrument,  and  the  ear  receives  them,  to  allay  the  per- 
turbations, and  calm  and  cheer  the  heart  of  man  ! 

■ Thought the-egr  be -the  ordinary  organ  of  hearings 
yet  it  is  not  the  only  one.  We  may  hear  by  the  teeth. 
For  if  one  . end  of  a knife -be  applied  to  a fpinnet,  and 
the  other  held  between  the  teeth,  the  mufic  will,  be 
diftin&ly  heard,  though  the  ears  be.  ever  fo  clofely 
flopped.  . Yet.  this  is  not  properly  by  the  teeth,  but  by 
the  auditory  nerve  which  paflesfrom  the  drum  to  the 
palate.  . . . .....  . 

In  thofe  who  are  born  deaf,  the  eyes  , may  Hn  fome 
jneafure  ferve  in  the.  place  of  ears.  Some  can  under- 
fland  what  is  faid,  by  nicely  obferving  the  lips  and 
tongue  of  the  fpeaker  s and  may  even  accuftonvthem- 
felves  to  ufe  their  own,  till  they  learn  a kind  of  fpeech. 
Thus  a phyfician  at  Amfterdam  taught  feveral  chil- 
dren born  deaf,  to  underftand . what  -was  faid,  and  to 
give  pertinent  anfwers. 

Mr.  Goddy ’s  daughter  of  Genoa  loft -her  hearing  at 
two  years  old.  Yet  by  obferving  the  lips  of  others,  (he 
had  acquired  many  words,  whereby  fhe  would  talk 
whole  days  with  thofe  that  could  underftand  her.  But 
fhe  knew,  nothing  of  what  was  faid,  unlefs  (he  law  the 
mouth  of  the  fpeaker : fo  that  if  they  wanted  to  fpeak 
to  her  In  the  $ight»  they  were-obliged  to. light  a candle. 
Only,  (he  knew  what  her  After  faid. even  in  the  dark,  by 
laying  her  hand  on  hermouth. 

Bnt  many  deaf  perfonstcan4iear,  if  a -loud  node  be 
made  while.you  fpeak.  Dr.  Willis  mentions  one,  who, 
if  a drum, was  beat  in  the.raom,  could  hear  very  clearly. 
So  that  her  hulband  hired  .a  .drummer  for  his  fervant, 
and. by  that  means  converfed  with  her  daily,  '.m, 

......  - v;  r.»  t.  iv . u i.j  'to  t\i:a  rfa’  ff  bn:. 

30.  The  noftrils  are -made  not  of  flefhor  bone,  but 
.of  cartilage,  the  better  toBe  kept  open,  and  as  occafion 
requires,  :to  be  dilated  or  .contracted : for  which  pur- 
pofe  they  are  furniflied  with  proper  and.curious  mut 
cles.  The  tubes  therein  growing  narrower  and  nar- 
rower, lead  into  feveral  little  cells  and  winding  cavi- 
ties, covered  with  a fo£t  coat,  and  provided  with  ar- 
teries, veins,  glands,  and  filaments,  of,  the  olfactory 
nerves.  This  therefore  is  without  all  doubt  the  pro- 
per organ  of  fmelHng.  _ , 


And 
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* Ancf  foraftnnch  as  it  is  by  breathing,  that  the  odoz* 
ant  particles  are  drawn  in,  the  laminae  with  which  the 
upper  part  of  the  nofe  is  barricaded,*  ferve  two  excel* 
lent  purpofes  ^partly  to  prevent  any  thing  hurtful  from 
entering  the  breathing  paffages  in  our  fleep  ( for  which 
end  likewife  the  hairs  placed  at1  the  entrance  of  tHr? 
noftrils  ferve^and  partly  to  receiver  thefdivarications  of 
the  olfaSory  nerves,  which  are  here  thick  fpread,  and 
by  this  means  meet  the  fmells  entering  with  the  breath* 
Each  of  the  cartilaginous  laminae  is"  divided  into 
many  others,-  folded  into  a fpiraV  line.  This  os  cibrc* 
fum  is  made  up  of  the  extremities  of  thefe ; the  holes 
therein  being ; the  intervals  between  them.  They  are 
defigned  to  uphold  the  inner  tunic  of  the  nofe,  which 
is  foldedvouhd  about  together  with  thefe  laminae,  that 
by  its  great  expanfioir  it*  may  receive  a greater  number 
of  the  odorant  particles.'  For  the  fame  reafon,  it  is 
furnifhed  with  many  fmall  glands,  which  open  into  it, 
and  moiftemit  with  a Airily*  exudication*  fitted*  to  er* 
tangle  and  detain  the fubtle  efHuvia  that  touch  it.  And 
not  only  the  number*  but  alfo  the  length  of  thefe  la- 
mina#, is  of  great  ufe  for  the  ftrength  of  fmelling. 
Mqt  this  purpofe  moft  hearts,  which  either  hunt,  or  di£- 
tinguifti  their  food  by  fmell,  have  net  their  nofe  in  the 
middle  of  their  face,,  like  a man,.but  prolonged  to  the 
ve‘ry  endj> 

/ 31.  Tfie  tortgue  has  for  its  bafis  that  forked  bone, 
called  the  os  gutturis.  It  confifts  of  various  mufclCs 
interwoven  together,  that  it  may  be  fit  for  various 
-kinds  of  motion.  To  thefe  are  added  very  many  fmall 
branches  of  nerves^  which  pafs  through  the  middle  of 
it  to  the  outfide,  and  being  gathered  into  little  bundles 
conftkute  thofe  papilce,  which  makes  its  furface  rough 
and  uneven.-  Befides  thefe,  there  appear  alfo  on  the' 
.furface  of  the  tongue,  certain  pointed  fibresr-not  unlike 
-the  ends  of  birds  claws,  inclining  toward  the  balls  of 
k,  with  which'  are  interfperfed  innumerable  lalival 
glands.  And  all  thefe  are  in  their  feveral  ways  fub- 
-iervient  to  the  fenfe  of  tafting. 

It  has  been  generally  fuppofed*  that  the  tongue  is 
eflentially  neceifary  to  the  formation  of  fpeech.  But 


as  fore  as  we  hare  been  of  this  opinion,  it  is  an  entire 
miftake.  A child  in  Eflex,  fome  years  ago,  had  her 
tongue  entirely  Cut  out,  by  reafon  of  an  incurable  canker- 
She  was  then  three  years  old.  Twenty  years  after,  it  was 
reported,  that  file  .was  able  to  fpeak.  To  be  fatisfied 
hereof,  Mr.  Benjamin  Boddington,  Turkey-merchant 
of  Ipfwich,  with  two  other  gentlemen,  went  to  Wick- 
ham-market,  where  the  young  woman  then  lived,  whofe 
cafe  they  thus  defcribe.  ' , - 

»•  44  We  have  this  day  been  at  Wickham-market,  to 
fatisfy  ourfelves  concerning  Margaret  Cutting.  We 
examined  her  mouth  with  the  greateft  exa&nefs,  but 
found  no  part  of  the  tongue  remaining  ; nor  was  there 
any  uvula.  The  paffage  down  the  throat  is  a circular 
open  hole,  large^enough  to  admit  a fmall  nutmeg. 

44  Not  with  (landing  this,  fhe  fwallowed  both  folids 
and  fluids  as  well  as  we  could  do,  and  in  the  fame 
manner.  Yea,  and  (he  talked  as  fluently  as  other  per-, 
fons  do.  She  pronounced  letters  and  fyllables  -very 
articulately,  even  thofe  which  feem  neceflarily  to  re- 
quire the  help  of  the  tongue,  as  d,  1,  t,  w.  > She  read 
to  us  in  a book  diftinclly  ; Die  lings  very  prettily  : nay* 
and  flie  diftinguifhes  taftes,  and  can  tell  the  leaft  dif- 
ference either  in  tafte  or  fmelL  * 


But  is  it  poffible  to  teach  any  one  to  fpeak,  who  has 
been  deaf  and  dumb  from  his. birth  ! — 

It  is.  ' Dr.  Wallis  taught  fuch  an  one  to  fpeak  : Mr: 
Daniel  Whaley,  of  Northampton.  He  was  prefenfc 
before  the  Royal  Society,  May  21,  1662,  and  did  there 
pronounce,  diftirwflly  enough,  fuch  words  as  the  com- 
pany propofed  to  him  : indeed  not  altogether  with  the 
ufual  tone,  yet  fo  as  eafily  to  be  underftood.  In  a 
year,  which  was  the  time  he  flayed  with  Dr.  Wallis, 
he  read  over  great  part  of  the  Englifh  Bible,  and 
learned  to  exprefs  himfelf  intelligibly  in  common  af- 
fairs, to  underftand  letters  written  to  him,  and  to  an- 
fwer  them.  And  in  the  prefence  of  many  foreigners, 
he  has  not  only  read  Englifh  and  Latin  to  them,  but 
has  pronounced  the  moil  difficult  words  in  their  lan- 
guages, which  they  could  propofe  to  him. 

The  Doftor  has  fince  done  the  fame  for  Mr.  Alex- 
ander. Popham,  a gentleman  of  a fair  eftate. 


' r « >' 

But  we  have  an  inftance  of  dumbnefs  cured  in  a 
fhorter  time.  Henry  Axford,  fon  of  Henry  Axford, 
in  the  Devizes,  at  twenty-eight  years  of  age,  perceived 
ahoarfenefsj  and  in  about  fix  days  became  quite  fpeech- 
lefs  ; not  only  unable  to  fpeak  articulately,  buttouttel* 
the  leaft  found  with  his  tongue.  His  cold  went  off, 
but  he  remained  abfolutely  fpeechlefs  ; and  the  advice 
of  all  the  neighbouring  phyficians  did  not  help  him. 

He  continued  totally  dumb  for  four  years,  till  in 
Jfeiy  T74*b,  being  at  Stoke,,  in  returning  homeward  at 
night,  he  fellfromiiis  horfe,  and  was  taken  up  and  put  > 
to  bed  in  a-houfe  upon  the  road.  He  foon  fell  afleep*- 
and  dreamed,  he  was  fallen  into  a veiTel  of  boiling 
wort.  Struggling  with; all  his  might  to  call  for  help* 
he  adtually  did  call- aloud,  and  recovered  the  ufe  of 
his  tongue  from  that  moment,  as-  perfectly  as  ever  he- 
had  it  in  his  life.  • T u 

Perhaps  therefore  there  is  truth  in  that  ancient  (lory, 
concerning  the  fon  of  king  Croefus  : namely,  having; 
been  dumb  from  his  birth,  he  had  never  fpoke  at  all,- 
till  in  the  battle,  feeing  a man  ready  to  kill  his  father, 
his  tongue  was  looted,  and  he  cried  out  aloud,  •“  Sol- 
dier, fpare  the  king  i” 

The  time  of  cutting  the  teetK  is  ufually  from  the  fe-/ 
venth  to  the  feventeenth  month.  It  is  commonly  pre- 
ceded by  an  itching  of  the  gums,  and  by  convulfions, 
fevers,  and  loofenefs  j-moft  of  which  fymptoms  happen 
to  birds  alfo,  upon  moulting  or  calling  their  feathers. 
The  feed  of  the  teeth  is  a mucous  matter,  like  the  white 

I of  an  egg,  contained  hv  the  cells  of  the  jaw-bone, 

which  grows  harder  and  bigger  till  it  breaks  through  * 
f the  gum.  - ; * 

That  part  of  the  tooth  which  (lands  out  of  the  gum, 
is  covered  with  a peculiar  fubftance  called  enamel.  It 
is  compofed  of  an  infinity  of  little  tubes,  which  grow 
on  the  bone  by  their  root.  If  any  part  of  this  be 
broken  off,  fo  that  the  bone  is  left  bare,  it  grows  ca- 
rious there  being  no  bone  which  will  bear  the  air. 

We  may  farther  obferve,  1.  That  the  teeth  only,  of 
all  the  bones,  grow  in  length  during  a man's  whole^ 
life  : which  is  providentially  defigned*.  to  repair  the 
wafte  that  is  continually  made  by  attrition  r 2.  That 
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the  teeth  are  the  only  bones  which  are  not  covered 
with  that  exquifitely  fenfible  membrane,  the  periofteum ; 
3.  That  they  are  harder  and  firmer  than  any  other 
bone,  that  they  may  be  more  durable  and  fit  to  chew 
the  moft  folid  aliments  2 4.  That  for  their  nouriihment, 
there  is  a cavity  contrived  in  each  fide  of  the  jaw-bone, 
in  which  are  lodged  an  artery,  a vein,  and  a nerve, 
which  through  fmaller  cavities  fend  their  twigs  to  every 
♦tooth  : 5.  That  as  infants  are  defigned  to  live  on  milk, 
for  fome  months;  they  are  fo  long  without  any  teeth : 
whereas  animals  that  need  them,  have  them  fooner, 
and  fome  are  even  born  with  them,  6.  The  different 
ftiape  of  the  teeth  is  remarkable.  The  fore- teeth  are 
formed  broad,  and  with  a thin  and  (harp  edge,  like 
chiflels,  to  cut  off  a morfel  from  any  folid  food*  The 
next,  one  on.  each  fide,  are  ftronger,  deeper-rooted, 
and  more  pointed,  to  tear  tougher  aliments  : the  reft 
are  mad  flat  and  broad  at  top,  and  withal,  fomewhat 
uneven,  that  thereby  they  may  the  better  retain,  grind 
and  mix  the  aliment.  7-  Becaufe  biting  and  chewing 
require  much  ftrength,  partly  in  the  teeth  themfelves, 
partly  in  the  inftruments  that  move  the  lower  jaw, 
which  alone  is  moveable  ; nature  has  given  it  ftrong 
mufcles,  which  make  it  bear  forcibly  againft  the  upper 
jaw  2*  and  has  not  only  fixt  each  tooth  in  a diftind:  ca- 
vity, as  in  a clofe,  ftrong  and  deep  focket ; but  has 
given  holdfafts  to  the  feveral  forts  of  teeth*  fuitable  to 
the  ftrefs  that  is  to  be  laid  upon  them*  So  whereas 
the  cutters  and  eye-teeth  have  only  one  root,  the 
grinders,  defigned  for  harder  work,  have  threes  in 
the  upper  jaw  often  four,  becaufe  they  are  pendulous, 
and  the  fubftance  of  the  jaw  fomewhat  fofter.  ,8.  The 
fituation  of  the  teeth  is  moft  convenient.  The  grinders 
are  behind,  near  the  centre  of  motion,  becaufe  chew- 
Jng  requires  a confiderable  force  2 the  cutters  before, 
ready  for  their  eafier  work. 


32.  The  palate  is  of  a bony  fubftance,  a little  con- 
cave, and  clothed  with  a thick  membrane,  which  has 
the  fame  kind  of  nervous  papillce  and  fmall  glands, 
that  are  feen  in  the  furface  of  the  tongue.  And  hence 
it  is  qualified  to  afiift  the  tafte,  as  well  as  the  fpeech. 

It 


; ' f s?  j ; 

v It  would  be  endlefs  to  fpecify  the  curious  mechaftifin 
of  all  the  parts  that  concur  to  form  the  voice.  How- 
ever, let  us  note  two  tilings  : 1.  There  are  thirteen  muf- 
cles  provided  for  moving  the  five  cartilages  of  the 
wind-pipe.  ; % It  is  amazing  that  the  glottis,  (the' 
upper  part  of  the  wind-pipe ) can  fo  exquiiitely  contra# 
or  dilate  itfelf,v to  form  all notes*  “ Suppofe  (feys  Dr. 
Keil)  the  greateft  diftance  of  the  two  fides  of  tlje  glottis 
to  be  one  tenth  of  an  inch,  in  founding  twelve-  notes 
( to  which  the  voice  eafily  reaches),  this  linomuft  be  di- 
vided into  twelve  parts',  each,  of  whiclf  gives  theaper- 
.ture  requifite  for  fuch  a note.1  But  if  we  confider  the 
fubdivifion  of  notes  into  which  the  voice  can' run,  the' 
motion  of  the  iidcs  of  the  glottis  is  ftill  vaftly  nicer  :• 
for  if  of  two  chords*  founding  exactly  unifons*  one  be - 
fhortened  but  the- two  thoufandth  part  of*  its -length,  a1 
juft  ear  will  perceive  the  diiagreement,  and  a good 
voice  will  found  the  difference  ; and  yet  this  is  only 
the  one  hundredth  and'  ninety-iixth  part'  of^a  note.- 
But  fuppoie  the  xoice  can  divide  only  into  a hundred' 
parts,  it  follows,  that  the  different  apertures  of  the 
glottis,  actually  divide  the  tenth  part  of  an  inch,  into* 
tweLve;  hundred  'parts,  , the  effe#  of  each  of  which  pro-- 
duces  a fenfible  alteration  upon  a good  ear,” 

.•  • . . . . • 

33.  The  uvula  is  a round,  oblong,  flefey  fubftance, 

fuipended  near  the  paflage  from  the  mouth  into  the 
noftrils,  and  probably  designed  to  hinder  the  cold  air, 
.from  rufljing  too  , fa  ft  into  the  lungs,  as  well  as  to  pre-- 
vent  the  food  we- fwallow  from  regurgitating  into  the 
noftrils^ } , • ;f.  ; 

The  tonjils,  cr  almonds  of  the  ear,  are  two  fmali 
glands,,  placed  at  the  root  of  the  tongue,  which  fupply 
an  Humour,,  to  keep  the  mouth  and  the  tongue  con- 

, ...  . . ,i 

The  wind-pipe  is  wonderftd  in  its  conformation  : 6f- 

caufe  continual  refpiration  is  neceilary,  it  ismade  with 
annular  cartilages,  to  keep  it  constantly  open,  that  its 


j x j <*-•  * o*1  ^ 

caufe  cocvulfions,  eleven  death,,  it  has  a feong_ihut- 
ter,  or  lid,  called  the  epiglottis,  which,  whenever 
eat  or  drink,  fallsdown  of  itfelf,  and  covers  it  dole, 

C 3 fo. 
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fo  that  no  crumb  or  drop  can  enter.  It  is  for  the  more 
convenient  bending  of  our  necks,  that  the  wind-pipe  is 
not  made  of  one  entire  continued  cartilage,  but  of 
many  circular  ones. 

What  is  farther  remarkable  in  thefe  cartilages  is, 
that  all  the  way  where  they  are  contiguous  to  the  gul- 
let, they  are  membranous,  to  give  an  eafy  paffage  tp 
the  food : but  after  that,  they  are,  forrie  completely 
round,  fome  triangular.  Another  thing  oblervable  is, 
irr  the  wind-pipe,  the  cartilages  run  parallel-  to  each 
other  : but;  in  the  lungs,  the  lower  parts  of  the  fupe- 
rior  cartilages,  receive  the  upper  parts  of  the  inferior: 
hereby  enabling  them  to  contra 6t  themfelves  in  expira- 
tion, and  to  dilate  irt  infpiratiqn.  . 

'•  • „,-0  .‘it?  -rv  ■ ' ‘'.Ki'j  pd.onotu  .<  • * • .?j  U'  it  *..■ 

34.  The  hairs  are  all  hollow.  The  root  of  each 
hair  is  fixt  in  a mucous  globule,  of  an  oval  figure,-  which 
often  adheres  to  it,  when  it  is-  pulled  up  by  the  root. 
They’are  jointed  like  a reed  or  cane,  and  fhoot  out 
into  fmall  branches.  They  ferve  not  only  for  a cover- 
ing, but  alfo  for  the  excretion  and  expiration  of  an 
oily  matter.  f • 

Every  hair  does  properly  live,  and  receive  rrOurifh- 
ment  like  the  other  parts.  The  roots  do  not  turn  white 
- or  grey  in  age,  any  fooner  than  the  extremes.  But 
the  whole  of  each  hair  changes  colour  at  once.  Or 
(to  fpeak  more  properly)  the  hairs  of  another  colour 
fall  off,  and  white  ones  grow  in  their  place. 

But  extreme  fear  may  turn  the  hair  grey,  or  even 
•whitein  a fhort  fpace.  '-So  it  was  in ’that  famous  id- 
ftance  fome  years  ago.  A nobleman,  in  Germany, 
■was  condemned  to  die,  and  ordered  for  dxefcutidn  in 
the  morning.  During  the  nighi,  in 
hours  time,  dll  his  hair  turned  white  as  flax.  The 
Emperor  being  informed  of  this,  faid,  “ He  has,  fef- 
ferefl  enough and  pardoned  Kini.  3T 

Since  that  time,  there  has  been  an  inftance  of'  arte 
of  our  own  countrymen,  wfid^  being  'ffiin’-wreckej^, 
Javed  himfelf  on  a fmall  rock,  fur  rounded  by  the  fe§. 
A boat  took  him  off  after  he  had  flayed  there  four 

hours:  But  !»  that  fpace  his  bait  was  turned  quite 

jnysii  f! ;;  r.  anl  Oilu.0  ,bu  70 
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'Perhaps  a ftill  ftranger  inftance  of  this  kind  is  re-*  v 
lated  in  the  Duke  of  Sully’s  Memoirs.'  " Henry  IV. 
told  the  Marquis  de  la  Force,.  That  the  moment  he 
was  informed,  Henry  the  1IF.  had  publifhed  ai*  edi&, 
(in  July  1585)'  ordering  all  the  Hugonots  either  to  go; 
to  mafs,  or  to  abandon  the  kingdom  in  fix  months,  his 
muftaches  turned  fuddenly  white  on  that  fide  of  his 
face,  which  he  fupported  with  his  hand.” 

Its  life  is  a peculiar  kind,  and  approaches  to  the  na-* 
tureof  vegetation.  Hairs  grow  much  as  plants  grow 
out  of  the  earth,  or  as  fomeplantsgrow  upon  others^ 
from  which  they  draw  their  nourifliment,,  and  yet  each- 
lias  its  life  diftindt  from  the  other.  So  hair  derives  its 
food  from  fome  juices  in  the  body  ; but  not  from  the- 
nutritious  juices.  Accordingly  the  hair  may  live  and 
grow,  while  the  body  is  ftarved  to  death; 

That  hair  may  grow, , merely  as  an  excrefcence  of 
the  vegetable  kind,  appears  from  that  memorable  cafe! 
recited  by  Wr.  -Hook,  of  a body  which*  having'  been’ 
buried  forty-three  years*  was  found  in  a manner  wholly  ' 
converted  into  hair.  The  woman  was-  buried  in  £ 
coffin  of  woodland  lay  the  loweft  of  three  in  the  fame?  - 
grave.  The  others,. being*  removed,,  and-  this,  coffin 
appearing,  it  was  obferved,  that  much  haip'  cants- 
through  the'  clefts  of  it:  on  removing  the  lid,  the* 
whole  appeared^  a very  furprifing  light.  There  was> 
the  whole  figure  of  the  corpfe,  exhibiting  the  eyq%' 
mouth,  ears,  and  every  part.  But  from  the  very  crown 
of  the  head,  even  to  the  foie  of  the  foot,  it  was  co-- 
vered  over  with  a*  very  thick  fet  hair  ; long,  and  much 
curled.  The  people,  amazed*  at  this  appearance,  went 
to  touch  the  corpfe.  But  the  fhape  fell  away,  as  it 
* was  handled,  leaving  only  a quantity  of  £hapelefs: 

hair  ; but  neither  flefti  nor  bones,,  only  a fmall  part  of 
the  great  toe  of  the  right  foot. 

Each  hair  confifts  of  feveral  fmaller  ones,  wrapt  up 
in  one  common  covering.  They  fend  out  branches  at 
the  joints.  The  root  lies  pretty  deep  in  the  ikin : and 
by  this  they  imbibe  their  proper  nouriftirnent,  from  the 
adjacent -humours.  Their  extremes  alfo  fplit  into  twa 
or  three  branches,-efpeeially  if  they  are  very  dry,  or 
too  long.  So  that  what  appears  a fingle  hair  to  the 
naked  eye,  to  the  microfoope  appears  a bruffi*  They 
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are  grey  on  the  fore  part  of  the  head  firft,  particularly 
about  the  temples  : the  back  part  affords  them  nourifh- 
ment  longer.  ' For  the  fame  reafon  they  fall  from  the 
crown  of  the  head  firft.  Their  thicknefs  depends  on 
the  fize  of  the  pores  they  iffue  from  : if  thefe  are  fin  all, 
the  hair  is  fine.  If  the  pores  be  ftraight,  the  hairs  are 
ftraight ; if  oblique  or  fmuous,  the  hairs  are  curled. 

All  hairs  appear  round.  But  the  microfcope  difco- 
vers  fome  of  them  to  be  fquare,  others'  triangular; 
which  diverfity  of  figures  arife  merely  from  the  di- 
verfity  of  the  pores.  Their  length  depends  on  the 
quantity  of  humours  proper  to-  feed  them,  and  their 
colour  on  the  quality.  And  hence  the  colour  ufually 
differs  in  the  different  ftages  of  life. 

The  hair  of  a moufe  is  a tranfparent  tube,  with  a 
pith  of  fmall  fibres  convolved,  running  in  fome  hairs 
fpirally,  in  fome  tranfverfely,  in  others  from  top  to 
bottom. 

' The  nails  are  of  the  nature  and  fabric  of  the  cuticle, 
like  which,  they  are  alfo  infenfible,  and  renewable, 
after  being  cut  or  fallen  off.  They  are  placed  upon 
the  backs  of  the  ends  of  the  fingers  and  toes,  .which, 
they  fupport  to  make  a due  refiftance  in  the  appre- 
henfion  of  obje&s,  having  the  nervous  papillary  bo- 
dies, that  ferve  the  organ  of  touch,  placed  under  their 
lower  furfaee.  They  arife  with  a fquare  root,  inter- 
mixed with  the  periofteum,  a little  before  the  laft 
joints,  from  betwixt  the  outer  and  inner  ftratum  of  the 
fkin,  and  paffmg  on  foft,  go  but  by  a lunar  cleft  in  the 
external  plate  of  the  {kin,  where  the  cuticle  mums 
back,  and  enters  into  a clofe  adhefion  with  the  root  of 
the  nail,  together  with  which  it  is  extended  as  an  outer 
covering.  -V- 

- • ^ ‘ , \ S“  t 
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35.  We  proceed  to  the  middle  cavity  of  the  body. 

1 Herein  the  principal  part  is  the, heart,  confifting  of  a 
flrong  tendon,  extended  obliquely  from  the  hafts  or 
broader  part,  to  the  cone,  into  which  the  flefliy  fibres 
are  inferred,  in  an  elegant  feries,  with  a fpiral  bending, 
one  half  oppofite  to,  and  croffing  the  other : by  which 
means  the  grand  mufcle  is  admirably  fitted  both  to  re- 
ceive and  to  propel  the  blood.  It  has  two  great  cavi- 
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ties,  ufually  termed  the  ventricles  of  the  heart. y They 
are  divided  from  each  other  by  an  intermediate  part, 
called  the  feptum,  conftituted  by  the  fame  fibres,  which 
is  convex  on  the  fide  next  the  right  ventricle,  and  con- 
cave on  the  other  The  vena  cava  is  inferted  in  the 
right  ventricle,  and  two  inches  from  its  infertion,  di- 
vides into  the  upper  and  lower.  The  former  brings 
the  blood  into  it  from  the  upper  ; the  latter,  from  the 
lower  parts  of  the  body.  The  pulmonary  artery  car- 
ries the  blood  from  that  ventricle  into  the  lungs,  which 
the  pulmonary  vein  brings  from  thence  into  the  left 
ventricle.  At  the  upper  fide  of  thefe  veins,  there  is 
. added  to  each  ventricle,  a kind  of  purfe  called  die  au- 
ricle, which  is  a hollow  mufcle  of  the  fame  ftru&ure 
with  the  heart,  in  order  to  ftay  the  blood,  that  it  pour 
not  too  violently  into  the  ventricle.  Before  the  orifices 
- .of  the  veins  of  the  heart,  there  are  triangular  valves, 
and  femilunar  in  the  orifices  of  the  aiteries,  to  hinder 
the  reflux  of  the  blood,  from  the  ventricles  into  the 
veins,  and  from  the  arteries  into  the  ventricles.  In  a 
healthy  perfon,  the  heart  contracts  little  lefs  than  five 
.thoufand  times  in  an  hour. 

, . ‘ itjs  ’ 

1 36.  The  heart  is  covered  with  a fin®  membrane ; 
and  near  the  bafe  of  it,  on  the  outfide,  there  is  a little 
fat,  probably  defigned  to  facilitate  its  motion.  It  is 
placed  near  the  middle  of  the  breaft ; only  its  cone  in- 
clines a little  to  the  left.  It  hangs  by  its  bafe  on  veins 
and  arteries,  communicating  with  all  parts  of  the  body. 
The  other  part  of  it  is  loofe  in  the  pericardium,  that 
it  may  be  the  more  commodioufly  conftringed  and  di- 
lated. The  pericardium  is  a kind  of  membrane,  that 
like  a kind  of  purfe,  loofely  enclofes  the  heart.  Tl\e 
.fhape  of  it  is  Tutted  to  that  of  the  heart,  and  it  con- 
tains a thin,  faltifh,  reddifh  humour,  exuding  from 
the  arteries. 

The  brain  has  an  alternate  contra&ion  and  dilation, 
anfwering  thofe  of  the  heart.  It  is  highly  probable, 
.the  weight  of  the  atmofphere,  is  the  counterpoife  to 
the  contra&ile  force  of  the  heart.  That  of  the  brain, 
.being  not  near  fo  ftrong,  does  not  need  fo  ftrqng  a 
counterpoife.  ; 

In 
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In  the  bafis  of  the  heart,  in  foxne  animals,  there  is 
a bone  frequently  found.  - Such  an  one  was  found  in 
the  heart  of  Pope  Urban.  Probably  it  was  only  the 
tendons  of  the  heart  offified. 

Wounds  of  the  heart  are  not  always  fo  immediately 
mortal  as  is  generally  fuppofed.  A foldier  was  brought 
into  one  of  the  hofpitals  in  Paris,  with  a wound  in 
the  upper  part  of  the  left  breaft.  He  feemed  very  well 
for  three  days  : but  on  the  fourth  was  taken  with  a fe- 
ver and  difficulty  of  breathing,  and  died  on  the  tenth. 
On  opening  the  body,  it  was  found  the  fwcrd  had 
pierced  the  pericardium,  travelled  the  right  ventricle 
of  the  heart  in  its  lower  part,  pierced  the  pericardium- 
on  the  oppofite  fide,  and  gone  through  the  diaphragm, 
and  an  inch  deep  into  the  liver. 

37*  The  heart  is  placed  in  the  middle  of  the  lungs’, 
which  confift  of  two  parts,,  the  right  and  left  lobe. 
Each  of  thefe  is  divided  into  two  other  lobes  ? one  of 
thefe  frequently  into  three,  fometimes  into  four,  by 
fiflures,  fometimes  deeper,  fometimes  (hallo wer,  run- 
ning from  the  interior  margin  towards  the  back-  part. 
The  lungs  are  divided  into  cells,  which  are  no  other 
than  expanfions  of  the  fmall  branches  of  the  trachea 
or  windpipe.  And  there  is  an  eafy  paffage  from  one 
branch  into  many  cells,  and  again  into  it  from  them 
•all.  The  upper  part  of  the  trachea  opens  into  the 
mouth;  the  lower,  divided  into  two  branches,  (hoots 
out  into  various  ramifications,  which  are  termed  bron- 
chia. And  thefe  little  canals  running  on,  conftitute 
the  lungs,  whofe  cells  are  wonderfully  connected  to- 
gether, and  intermixed  with  numberlefs  branches  of 
veins  and  arteries. 

The  upper  end  of  the  trachea  is  called  the  larynx. 
At  the  fourth  vertebreof  the  back*  it  divides  and  en- 
ters the  lungs.  Its  cartilages,  ranged  at  fmall  and 
equal  di  fiances,  are  fmaller  and  fmaller  as  they  ap- 
proach thelungs.  - . , ; 

Thefe  cartilages  have  two  merfibranes.  The  exter- 
nal, composed  of  circular  fibres,  covers  the  whole 
trachea.  °That  which  lines  it  within,  confifts  of  three 
. diftindl  membranes,  the  firft  woven  of  two  orders  of 
fibres,  part  longitudinal,  to  (horteu  it  by  drawing  the 

cartilages 


63 

cartilages  together  : part  circular,  to  contra#  them.  - 
Both  thefe,  together,  with  the  external  membrane* 
affift  in  breathing,  coughing,  and  varying  the  tone  of 
voice.  The  fecond  membrane  is  glandulous,  and  its 
glands  opening  into  the  cavity  of  the  trachea,  feparate 
a liquor  which  moiftens  and  defends  it  from  the  acri- 
mony of  the  air.  The  third  is  a net-work  of  nerves, 
veins,  and  arteries.  < >r 

The  organs  winch  form  the  voice  of  man,  have  not 
been'  accurately  obferved  by  the  ancients.  As  the 
f trachea  bears  fo me  refemblance  to  a flute,  they  con- 
lidered  the  voice,  according  to  the  founds  of  that  in- 
ftrument.  Mr.  Dodart  'was  the  firft  who  fhewed  the 
glottis  to  be  the  chief  organ  in  producing  it,  and  con- 
lidered  it  both  as  a ftring  and  wind  inftniment,  far  more 
' perfe#  than  any  which  art  can  produce. 

- The  organs  which  form  the  various  voices  of  other 
animals,  are  like  wife  worthy  of  our  attention.  Thofe 
of  each  fpecies  have  peculiar  founds,  whereby  they 
underftand  each  other. — Wherein  do  thefe  organs  re-  . 
femble  burs,  and  wherein  do  they  differ?  y * 
The  human  voice  is  almoft  wholly  formed  by  the 
glottis,  and  various  tones- are  produced  by  the*  various 
modifications  of  it.  Bur  all  thefe  depend  on  one  only ; 
the  feparation  and  jun&ion  of  its  lips.  This  compre- 
'herids  two  cfrcunkftances,  the  one  capital  and  prirni- 
„ tive,  the  other,  a confequence  of  it.  The  firft  is,  that 
the  lips  are  more  and  rhore  bentpfrom  the*  lowefl  to 
ythe  higheft  note.  The?J  fecond,  -ithat  the  more  they 
’bend^  the  nearer  they  draw  to  each  other.  It  follows 
-fiorhuhe  firfty  that  thern  'vibrations  will  be  more  fre-  - 
queftt,  ais  they  eometnoai^r^tiie  Jwgheft  tone,  and  th^t 
•the  voice  will  beex&#  when  th£y  areequaH^  bent,  arid 
t#he  reverfe  when  whtfrfr-Gorrefpohds  pet- 

. fe£tly  well  with  the  nature  of  ftnngeddriftroments.  It 

fecond,  that' the  higher  the  toneyUhe 
they  draw  tty  each  mother*  xAnd  thi?  agrees  per- 
fectly with  thofe  wind-ififtruments  which  are  governed 
*by  reeds.  From  thele  Ample,  and  almoft  impercepfi- 
fcbfe  variatiofts^  proceeds  the  infinite -variety  of  founds* 
In*  -moft  quadrupeds  too^tbe  glottis  is  the  principal 
;0**gaSa  9.f  the  voice.  So  it  is  in  cats,  ftieep,  and  feverai 

others. 
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others.  But  many  have  fomething  mdre  than  a glottis* 
As  horfes,  afles,  mules,  and  fwme.  Some  of  thefe 
have  alfo  a tendinous  membrane,  which  concurs  in 
forming  the  voice.  Others  have  feveral  membranes5  : 
others  a kind  of  bags,  which  in  fome,  are  membranous, 
and  in  others,  bony.  Others  have  both  membranes 
and  bags.  Others  laftly,  have  in  their  larynx  a kind 
of  cavity  or  drum,  which  aflifts  them  in  uttering  very 
ftrong  and  long  continued  notes. 

All  founds  are  produced  by  a fwift  fucceffion  of  vi- 
brations, from  the  particles  of  fonorous  bodies,;  which 
agitate  the  air.  But  the  vibrations  of  the  lips  of  the 
glottis  would  not  fuffice  to  produce  the  neighing  of  a 
horfe.  This  begins  by  more  or  lefs  acute  interrupted 
tones,  accompanied  by  quaverings,  andT  ends  by  tones 
more  or  lefs  grave,  which  is  performed  by, , j irks.  This 
fecond  part  is  done  by  the  Kps  of  the  glottis : the  other 
chiefly  by  a final],  elaftic  membrane.  This  is  tendi- 
nous, very  thin,  of  a triangular  figure,  and^  lies  flat 
on  each  extremity  of  the  lips  of  the: glottis.  As  it 
adheres  but  loofely  to  thefe,  it  can  eafily  flutter  up  and 
down : and  it  is  the  play  of  the  membrane  up  and 
down,  which  produces  the  acute  founds  of  neighing. 
Thefe  are  more  or  lefs  acme,  as  the  membrane  is  more 
or  lefs  thin,  and  its  adhefion  more  or  lefs  flack,  j The 
grave  founds  that  conclude  the  neighing,  are  excited 
by  the  fluttermgs  of  the  thick  firings  which,  foim  the 
lip*  of  the  glottis. 

The  hearfe  found  of  the  afs’s  voice,  is  not  fo  much 
produced  by  the  lips  of  the  glottis,  as  by  a tendinous, 
part  which  adheres  loofely  on  the  aperture  of  a kind  of 
drum,  fituate  under  the  extremity  of,  the  lips  of  the 
glottis : above  which  are  alfo  found  two  large  and: 
thick  backs  5 one  on  the  right,  the  other  on  the  left. 
-Each  of  thefe  has  a rouadifh.  aperture,  cut  much  like 
the  ftopple  of  an  organ.  !j  < v j ^ 

Such  are  the  organs  winch  form  this  amazing  found* 
A kind  of  drum  is  the  principal  r and  the  two  bags 
above  the  lips  of  the  glottis,  are  the  main  auxiliaries : 
while  thefe  Ups*  as  plain  experiments  fhew,  contribute* 
very  little  thereto.  The  mule’s  voice  much  refoirblfs 
that  of  his  fire,  and  is  formed  by  much  the  feme  or- 
gan** 
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gans : the  drum  of  fo  Angular  a compofition,  being 
found  in  mules  alfo. 

There  is  another  animal  which  affords  us  a particu- 
lar difpofition  of  the  yocal  organs.  This  is  the  hog  : 
whofe  fhrill  cries  are  more  infupportable  than  his  ufual 
grunting.  Yet  neither  are  thefe  excited  by  the  lips  of 
the  glottis*  but  by  the  fluttering  of  two  large  membra- 
nous bags  ; fituated  on  each  fide,  above  die  lips  of  the 
glottis.  What  is  moft  remarkable  is,  that  each  lid  is 
cloven,  almoft  its  whole  length.  By  this  cleft  each  lip 
has  a communication  with  the  bag  belonging  to  it. 
And  the  motions  of  thefe  bags  produce  moft  of  the 
founds  peculiar  to  this  animal. 

Though  die  voice  of  birds  bears  a nearer  refem- 
blance  to  ours,  than  that  of  a quadruped’s,  yet  their 
organs  have  far  lefs  refemblance  to  ours,  and  contain 
a greater  number  of  Angularities.  They,  like  us,  have 
a glottis  at  the  top  of  the  trachea  ; but  they  have  ano- 
ther at  the  bottom  of  it,  which  much  contributes  both 
to  the  ftrengthening  and  modifying  of  their  voice. 
Thefe  have  different  membranes  more  or  lefs  fine, 
more  or  lefs  bent,  and  in  a variety  of  pofitions.  In 
fome  birds,  as  in  geefe,  there  are  four  of  thefe,  figur- 
ed and  difpofed  like  the  reeds  in  hautboys. 

With  regard  to  the  human  voice,  an  ingenious  man 
obferves,  u Sitting  in  company,  I chanced  to  take  no- 
tice, that  in  ordinary  difcourfe,  all  that  is  fpoke,  is 
fpoken  in  perfect  notes ; and  that  fome  of  the  compa- 
ny ufed  eighths,  fome  fifths,  and  others  thirds.  1 ob- 
^ ferved  likewife  of  him  whofe  fpeech  was  the  moft 
pleafmg,  that  all  the  tones  he  ufed,  confided  either  of 
concords,  or  of  fuch  difcords  as  made  up  harmony.” 

Cutting  the  trachea  wras  long  reputed  mortal ; but  it 
is  now  ufual  to  open  it  in  dangerous  quinfies.  This, 
phyficians  were  at  firft  encouraged  to  do,  fronj  the  cafe 
of  a Cornifh  gentleman,  who  had  his  wTind-pipe  quite 
cut  through,  and  yet  was  cured  and  lived  feveral  years 
after. 

. 38.  In  order  to  the  admifllon  and  expulfion  of  the 
, air  by  the  lungs,  it  is  neceflary  the  breaft  Aiould  be 
contracted  and  dilated.  This  end  is  ferved  by -the  bony 
part  of  the  thorax,  the  intercoftal  mufcles,  and  the  di- 
aphragm, 
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aphragm,  a broad*  mulcular  part,  reaching  acrofs  the 
breaft,  and  dividing  the  middle  from  the  lower  cavity. 
It  runs  obliquely  from  the  fternon  and  ribs  before,  to 

the  vertebrae  of  the  loins  behind* 

% 

89#  The  whole  thorax  is  covered  on  the  infide  with  & 
firm,  white  membrane*  called  the  pleura.  It  Is  double 
throughout,  confiding  of  two  folds  : the  innermoft 
whereof  has  a fmooth  furface,  that  it  may  not  hurt  the 
tender  fob  dance  of  the  lungs  ; the  furface  of  the  outer 
is  rough  and  uneven.  From  the  pleura  rifts  the  medi* 
aftinum,  which  is  a double  meiribrane,  that  divides 
the  lungs  and  the  eavity  of  the  thorax  lengthways  into 
two  parts* 

40.  On  the  flighted  obftrvarien  we  cannot  But  ac^ 
'knowledge,'  the  confummate  wtfdom  wherewith  the 
external  parts  of  the  middle  eavity  are  formed,  for 
beauty,  as  well  as  for  the  defence  of  the  internal.  This 
is  commodioufly  connected  with  the  head,  by  the  neck. 
The  breaft,  or  fore-part  of  the  thorax,  which  begins 
at  the  throat,  and  ends  at  the  fternon,  or  breaft-bone, 
is  an  admirable  guard  to  the  nobleft  parts.  To  the 
fame  end  ferve  the  Ihoulder  blades  and  the  back-bondy 
as  well  as  to  fopport  the  whole  fabric. 

The  breads  confift  of  numberlefs  oval  glands,  inter- 
mixed with  globular  veftels  of  fat.  Their  dufts,  as 
they  approach  the  nipple,  unite  together,  till  they  form 
eight  or  more  fmall  pipes,  communicating  with  each 
other  by  crofs  canals*  which  are  of  great  ufe,  when 
feme  of  them  happen  to  be  obftruCted.  Thefe  tubes 
are  m fome  parts  narrower,  in  fome  wider,  fo  as  to 
form  cells,  which  hinder  the  efflux  of  the  mil k."  The 
paps  confift  chiefly  of  the  concurrence  of  thefe  tubes, 
but  with  a glandulous  fobftance  intermixed.  There 
are  likewife  joined  herewith  abundance  of  fibres,  from 
the  external  teguments  of  the  breads,  by  means  of 
which  the  tubes  are  conftringed,  and  the  motion  of  the 
milk  is  modified. 

In  virgins,  the  glands  of  the  breads  are  fo  contract- 
ed, that  no  blood  can  enter  them#  But  when  the 
womb  fwells  with  the  foetus,  and  comprefles  the  de- 
fending trunk  of  the  great  artery,  the  blood  forces 
- } its- 
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fcs.  way  into  theifcv  They  admit  thicker  and  thicker 
Jferum,  till  after  the  birth,  they  run  with  a thick  milki  • 

■f,  ■■  * ft 

sn  Q3  ilrti  ■ !<  m t • . ..t  . 

It  is  more  difficult  to  -account  for  the  mHk  which  > 
feme  men  have,  in;  confiderable  plenty.  Thus  in  the 
year  1684s  a countryman,  called  Billardino  di  Billo, 
living  in  a village  near  bfoccera,  in  Umbria,  when  his 
wife  was  dead*  took  the  child, , and  put  the  nipples  of 
his  breads  into  its  mouth,  invited  it  to  fuck  ; which 
the  infant  did,  and  after  feveral  times  drawing,  fetched 
feme  rrtilk.  . After  awhile  it  brought  down  the  milfe 
fo  plentifully,  as  to  nourilh  it  for  many  months  till  it 
was  weaned;  ‘ . 

I /V  * ^}(-|^  ■ aJ.,  .r  rt  ■ > ; v * • « ' r,  * ..  t vt.  . , H ,r  a 

Almoft  as  ftratrge  is  the  following  account : M One 
'informing  me  of  an  old  woman  that  gave  fuck,  I went 
[•  to  the  houfe  m Tottenham-court-road.  Her  name  is 

Elizabeth  Bryan.  She  is  in  the  68th.  year  of  her  ages 
and  has  not  borne  a child  for  many  years  : jher  face  is 
withered,  her  cheeks  and  mouth  funk  in ; but  her  ’ 
breads  are  full,  fair,  and  void  of  wrinkles.  About 
four  years  ago,  her  daughter  was  obliged  to  leave  an 
infant  die  gave  fuck  to,  in  the  care  of  her  mother. 

The  old  woman  finding  the  child  froward  for  want  of 
the  bread,  applied  it  to  her  own.  Having  done  this 
feveral  times,  her  fon  thought  the  child  feemed  to 
fwallow,  and  begged  his  mother,  he  might  try,  if,  fhe 
had  not  milk?  It  foon  appeared  Ihe  had;  and  {he  - < ~ 
then  continued  to  fuckle  the  child  in  earned.  Two 
years  after,  her  daughter  had  another  child ; on  which 
the  grand- mother  weaned  the  fird,  and  fuckled  the  fe- 
i cond.  Both  the  children  are  healthy,  plump,  and  firm 

in  defh,  and  as  brifk  and  lively  as  can  be  defired.” 

4*1.  In  the  lower  cavity  fird  occurs  the  domach, 
with  the  oefophagus  or  gullet,  which  reaches  to  it  from 
the  mouth.  The  right  orifice,  called  the  pylorus, 
tranfmits  the  digefted  food  to  the  intedines.  It  is  nar- 
rower than  the  other,  as  being  defigned  to  tranfmit  no- 
thing,: till  it  is  reduced  to  a kind  of  liquid.  And  it 
goes*  by  a long  and  oblique  defcent  into  the  duodenum, 
that  the  chyle  may  not  pafs  out,  either  fwiftly  or  too 
ilowly.i  ' V i 
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* The*  upper  opening  of  the  ftomach,  is  cbmpreffed 
in  fuch  a manner,  by  the  lower  mnfcle  of  the  diaph-** 
ragm,  in  every  infpiration,  as  to  confine  the  food 
within  the  ftomach,  and  dire#  it  in  every  refpiration, 
towards  the  pylorus*  By  tfias  means  this  orificer  of 
the  ftomach,  is  fo  cfofely  (hut,  as  to  confine  even  wind 
or  vapours  within  the  cavity  of  a healthy  ftomach, 
from  whence  they  never  efrape  but  by  a morbid  affec* 
lion. 

The  fabric  of  %he  ftomach  anfwers  to  that  of  the 
oefophagus,  of  which  k-  is  an  expanfion.  (1)  The 
outmoft  coat  is  from  the  periloneunv  of  confiderable 
ftrength,  fo  as  to  limit  the  extenfion  of  the  reft,  and 
afford  a fupport  to  the  fubjacent  mufcular  fibres.  (2) 
The  cellular  coat  lies  immediately  under  the  former, 
whence  the  outer  and  mufcular  tunic  clofely  cohere  to* 
gether  ; m this  fubftance  the  larger  branches  of  the 
veffels  are  difttibuted.  Next  in  order  appears  (3)  the 
mufcular  coat.  Here*  the  longitudinal  fibres  of  the 
oefophagus,  coming  to  the  ftomach  are  detached  one 
‘from- another  in  all  directions..  •••-  , 

Immediately  under  the  mufcular  fibres,  follows  (4  )' 
another  cellular  ftratum,  larger  than  the  outermofty 
fofter,  more  eafily  infiatible,  and  confifting  of  larger 
veficles  than  what  we  ufually  obferve,  even  in  the  in- 
teftines.  Within  this  cellular  fubftance  are  fpread  the 
fmall  veffels,  which,  coming  from  the  larger  branches 
of  the  ftomach,  enter  through  its  mufcular  coat,  and 
fpread  internally  after  the  manner  of  a plexus.  Under 
this  lies,  (5)  the  nervous  coat,  which  is  thick,  white, 
and  firm,  and  makes  up  the  true  fubftance  of  the  fto- 
mach itfelfy  and  this  is  again  lined  internally  with  a 
third  cellular  ftratum,  whole  vafcular  net-work  is  much 
more  minute  than  that  of  the  former,  from  whence 
it  is  derived.  Immediately  within  this,  lies  (6)  the 
villous  or  velvet-like  coat,  that  lines  the  cavity  of*  the 
ftomach  rtfelf,  contiguous  with  the  external  cuticle, 
like  which  it  is  renewable,  but  of  a foft  mucous  tex- 
ture, and  extended  into  a very  fhort  pile,  like  that  of 
the  tongue*  only  lefs  confpicuous,  and  folded  into 
large  plates 
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42.  The  inteftines  are  a continuation  t>f  the  alimen- 
tary tube  from  the  pylorus*  wound  together  in  various 
wreaths,  yet  without  confufion,  and  to  keep  them  in 
their  fituation,  fattened  together  by  the  mefentery,  a 
ftromg  membrane,  which  fattens  them  alfo  to  the  back. 
The  inteftmal  du&.is  really  but  one  4 but  becaufe  the 
parts  of  it  differ  in  figure  and  ufe,  the  upper  part  of  it, 
divided  into  the  duodenum,  jejunum  and  ileum,  is 
termed  the  fmall  guts ; the  lower  part,  divided  into 
the  caecum,  colon  and  redtum,  is  called  the  great  guts. 
All  thefe  are  full  of  turnings  and  windings,  efpecially 
the  fmall,  that  the  more  fubtle  part  of  the  chyle,  both 
through  the  length  and  narrownefs  of  the  paffage,  and 
the  agitation  of  the  inteftines,  may  enter  the  ladteal 
veins,  and  pafs  from  thence  into  the  .receptacle  of  the 
chyle. 

When  the  intettines  are  feparated  from  the  mefen- 
tery, they  are  ufually  fix  times  as  long  as  the  man. 
Tkey'have  all  a kind  of  vermicular  motion,  called  the 
perittaltic  motion  from  the  ttomach  downwards  j and 
are  lubricated  with  much  fat,  efpecially  the  great  ones, 
whole  furface  being  more  uneven,  and  their  contents 
lefs  fluid,  they  need  fome what  more  to  make  .them  Aide 
eafily. 

jLikewife  from  the  exhaling  arteries  dittils  a thin, 
watry  liquor  into  the  cavity  of  the  inteftines  not  at  all 
acid,  but  like  .the  juice  of  the  ttomach  ; the  quantity 
of  which  liquor  may  be  computed  from  the  large  ex- 
tent of  all  the  excretory  orifices,  and  from  the  fedtion 
of  the  fecretory  artery,  a larger  than  which,  we  fee  no 
where  .in  the  body. 

The  duodenum,  -(io  called  becaufe  it  is  ufually  ten 
or  twelve  indies  long)  receives  the  gall  and  pancreatjc 
juice,  which  are  here  mixt  with  the  chyle.  The  jeju- 
num is  fo  termed,  becaufe  it  is  generally  more  empty 
than  the  reft.  This  may  be  oecafioned  partly  by  its 
capacity,  which  gives  .a -free  paffage  to  its  contents; 
partly  to  its  irritation  through  the  bile,  which  falls  in 
a little  above  it.  It  takes  up  almoft  the  whole  umbili- 
cal region,  and  is  ufually  twelve  or  thirteen  hands  long. 
The  ileum,  fituate  below  the  navel,  fills  the  ilia  with 
its  numerous  convolutions.  It  is  much  the  longeft  of 
all  the  inteftines,  generally  one  and  twenty  hands  long. 
In  both  this  and  the  jejunum  the  inner  coat  is  much 

’ ‘ wrinkled, 
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wrinkled,  a^hd  lies  in  loofe  folds.  They  are  formed  (as 
the  folds  in  the  ftomach)  only  by  the  inner  coat  being 
larger  than  the  outer. 

The'firft  of  the  great  guts,  called  the  caecum,  is 
literally  inferted  at  the  upper  end  of  the  colon.  It  is 
not  perforated  at  the  other  end,  but  hangs  to  it,  like 
the  finger  of  a glove,  and  is  three  or  four  inched  long. 
In  new-born  children,  and  in  beads,  it  is  found  full  of 
excrements  ; but  in  adults  it  frequently  hangs  like  a 
worm.  In  a foetus  it  is  doubtlefs  a receptacle  of  the 
feces,  during  the  time  it  does  not  dlfcharge  by  ftooL 
And  may  it  not  /occafionaHy  ferve  the  fame  end  in 
adults  ? Perhaps  in  thofe  animals  wherein  it  is  very 
large,  it  may  likewife  ferve  as  a kind  of  fecond  do* 
rnach.  But  it  is  not  abiblutely  neceffary.  The  coecum 
of  a dog  has  been  cut  out,  without  any  perceivable 
prejudice. 

The  colon  is  the  larged  of  the  great  guts.  It  runs 
into  various  circumvolutions,  from  the  coecum  to  the 
re6him.  It  has  many  cavities,  formed  by  two  liga- 
ments, running  on  each  fide  of  it,  opposite  to  each 
other  the  whole  length,  and  as  it  were  guiding  it  at 
certain  diftances.  The  reftum,  Which  reaches  from 
tfe  os  facrum  to  the  anus,  is  uftially  about  a hand  and 
a half  long. 

43.  The  lacdeal  veins,  which  are  of  a whitifh  colour, 
are  in  all  the  inteiiines,  ftnall  and  ^reat,  and  receive 
the  chyle  by  imperceptible  paffages,  throughout  the 
whole  canal.  And  for  this  end  the  food  remains  fo 
long  in  the . intedines,  andJs  carried  through  various 
windings,  that  whatsoever  of  nourishment  it  contains, 
may  be  expreft  before  it  leaves  the  body. 
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44.  The  tnteftines  are  covered  withtheomentum  or 
fcawl,  which  is  ccttftajped  wft$fl  the  peritoneum,  a very 
thin,  foft,  double  membrane,  and  wholly  confifts  of 
little  bags  of  fat.  Its  ufe  is  to  keep  the  irtfeftines  warm  ; 
to  promote  their  periftaltic  mofirfmDy  hlbllfcatingthem 
With  its  oily  fubftance  ? by ; following 'jJifem  in  their 
doublings  and  windings^  w flerre  thefflPS  a' bottler  to 
Aide  upon,  and- b^  filling  up  their  hollows,  to  prevent 
their  being  too  much  diftended  by  flatulencies ; yet 
giving  wav  to  them  When  fillfed  wfth  aliments, 

' -Under 


Under  the  ftomaeh  behind  lies  the  pancreas  (ex- 
tended towards  the  fpleen)  which  tranfmits  to  the  in-, 
teftines  a liquor  of  the  nature  of  fpittle,  helping  to 
diflbl  ve  the  food. 


45.  Under  the  diaphragm,  on  the  right  fide,  lies  the 

liver,  whence  it  extends  over  the  fight  part  of  the  fto- 
mach,  below>  the  flernum,  toward  the  left,  growing 
gradually  fmaller,  that  it  may  not  hinder  the  diften- 
tion  of  the  ftomaeh.  It  confifts  partly  of  gall-du&s, 
partly  of  fine  ramifications  of  the  vena  porta.  The 
blood  contained  in  thefe,  depofits  oily  particles  in  the 
drifts,  arid  then  returns,  chiefly  through  the  vena  cava, 
to  the  heart.  It  is  thus  the  bile  is  fecreted,  for  which 
purpofe  the  gall-bladder  alfo  is  defigned.  This  both 
receives  and  retains  the  bile,  by  which  delay  the  power 
of  it  is  greatly  heightened.  Part  of  the  bile  is  con- 
veyed to  the  inteftines  by  the  hepatic  duft,  which  pours 
it  into  the  duftus  choledochus*  Part  goes  fir  ft  into  the 
gall-bladder,  thence  into  the  diaftos  choledochus,  and 
then  into  the  duodenum.  ..... / > 

The  principal  ufe  of  the  bile  is,  to  abfterge  and  fti- 
mulate  die  inteftines,  to  'aflimilate  cruder  things  to 
things  concofted,  tobruife  and  blunt  fiiarp  and  falime 
particles,  to  divide  thofe  that  are  coagulated : to  excite 
appetite,  to  open  the  paflagefc  for  the  chyle,  and  where 
need  is,  aft  the  part  of  a ferment. 

46.  The  fpleen  is  an  elegant  net-work  of  numberlefe 

veifels,  enclofed  in  a double  membrane ; it  is  placed  on 
the  left  fide,  between  the  fbort  ribs  and  the  ftomaeh. 
Some  fuppofe  it  to  fee  ret  e a peculiar  juice,  which  paries 
with  the  blood  through  the  vena  porta.  Others  ima- 
gine it  to  be  a kind  of  refervoir,  wherein  on  extraor* 
dinary  oecafions,  that  blood  may  be  received,  which 
would  otherwife  opprefs  the  vifeera  and  diftuxb  the  ani- 
mal functions.  r 


• 47.  On  die  mufcles  of  the  loins  on  each  fide  lie  the 
kidneys,  to  feparate  from  the  blood  that  part  of  the 
ferum  which  is  Superfluous,  and  would  be  hurtful  were 
k retained  in  the  habit*  This  is  carried  by  the- ureters 
into  the  bladder,  which  is  placed  ir  part  of 
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the  belly.  What  remains  of  the  blood  is  conveyed  to 
the  heart  by  the  veins  and  lymphatic  veffels. 

The  bladder  is  compofed  of  three  coats : the  firft  is 
an  extenfion  of  the  peritoneum  ; the  fecond  confifts  of  ’ 

zhufcular  fibres  ; the  third  is  both  glandulous  and  ner- 
vous, and  full  of  wrinkles,  that  it  may  be  capable 'of 
contraction  and  dilation.  Its  glands  feparate  a flimy 
matter,  which  defends  the  bladder  from  the  acrimony 
of  the  urine.  The  involuntary  emillion  of  this  is  pre- 
vented, by  a fmall  xnufde  which  goes  round  the  neck 
of  the  bladder. 

, 48.  We  proceed  to  the  limbs.  The  hand  (phyfi- 
cally  (peaking)  is  divided  into  the  arm,  the  cubit,  and 
the  hand,  properly  fo  called.  In  this  there  are  twelve 
bones,  befide  fifteen  in  the  fingers,  all  oblong,  {lender, 
hollow,  and  fo  fitly  joined  together  by  ligaments,  fo 
wonderfully  provided  with  various  mufcles,  adapted  to 
fo  many  different  motions,  that  the  hand  alone  gives 
us  an  abundant  argument  of  the  admirable  wifdom  of 
God.  ' . ' 7 

Is  there  any  poflibility,  that  the  want  of  fo  neceflary 
an  inftrument  as  the  arm  (hould  be  fupplied  ? One 
would  think  it  irapoffible.  But  it  is  not  t fuch  is  the 
amazing  power  of  God  ! James  Walker  was  born  in 
1718,  in  Ireland,  in  the  parifit  of  Hillfborough.  His 
mother  could  not  be  delivered,  till  the  furgeon  totally 
feparated  the  arms  of  the  child  from  the,  body.  Ne- 
verthelefs  he  lived,  and  in  the  room  of  his  arms,  had 
little  protuberances  that  appealed  as  ftumps.  He  grew 
to  be  fix  feet  high,  Bender,  and  active.  u He  fits  a 
faddle,  fays  an  eye-witnefs,  upright  and  firm,  will  ride 
40  miles  a day  to  a fair,  and  deals  in  buying  and  felling 
bodies,  which  he  drefles  and  curries  as  well  as  any 
groom  can  do,  holding  the  curry-comb  between  his 
chin  and  {houlders.  The  fame  way  he  holds  the  goad 
in  driving  the  plough,  and-  the  fpade  when  he  digs. 

He  throws  a (tone  from  the  top  of  his  foot  with  greater 
force  than  moft  men  can  with  their  hand,  and  feldom 
fails  to  hit  his  mark.  He  mounts  a horfe  without  any 
afliftance,  and  flmffling  the  bridle  over  his  head,  till  he 
gets  it  on  his  (houlders,  guiding  his  horfe  with  as  little 
fear,  and  as  much  (kill  as  any  man.” 

49.  The 
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4-9.  The  thigh  confifts  of  oiie  bone,  the  largeft  and 
longeft  in  the  whole  body.  It  is  a little  crooked,  bend- 
ing forward  before,  that  there  may  be  more  room' for 
the  mufcles.  The  bones  of  the  leg  are -two,  diftant 
from  each  other  in  the  middle,  but  joined  together  at 
each  end.  They  are  nearly  of  the  fame  length,  but 
the  inner  is  much  thicker  than  the  outer.  The  bones 
of  the  foot  are  twelve,  be  fide  fourteen  in  the  toes ; 
which  like  thofe  in  the  hands,  are  moft  aptly  con- 
nected by  ligaments,  and  fitted  with  mufcles  of  various 
kinds,  ferving  for  equally  various  motions. 


50.  Thus  far  we  have  fpoken  concerning  the  folid 
parts  of  the  body.-  Among  the  fluid  are  ufually 
reckoned  the  animal  fpirits,  fuppofed  to  be  fecreted  in 
the  brain,  to  flow  through  the  nerves,  and  to  he  the 
inftruments  of  fenfe  and  motion. 

> “ But  are  the  nerves  in  general  hollow  canals,  which 

contain  a circulating  fluid  ? Or  are  they  folid  threads, 
which  being  highly  daftic,  vibrate  varioufly  tb  occafion 
•various  fenfations  ?”  The  latter  fuppofition  is  wholly 
overthrown  by  the  phenomena  of  wounded  nerves. 
A nerve  cut  afunder  does  not  retraCl  its  divided  extre- 
mities, but  becomes  rather  longer,  extruding  its  me- 
dulla into  a round  tubercle.  Again,  wereitelaftic.it 
fhould  be  compofed  of  hard  fibres,  having  their  extre- 
mities fixt  to  fome  firm  bodies : fince  firings,  other- 
wife  conftituted  and  difpofed,  have  no  elafticity.  But 
it  is  evident,  all  nerves  are  foft  at  their  origin,  as  well 
as  void  of  tenfion  : and  fome  foft  in  every  part,  as  the 
olfadory  nerve,  and  the  foft  portion  of  the  auditory 
nerve.  Yea,  they  all  grow  foft  in  the  vifcera,  the  muf- 
cles, and  the  feniqries,  before  they  exert  their  func- 
tions. Befides,  fome  nerves  are  fo  fituate,  that  they 
cannot  vibrate,  as  thofe  of  the  heart,  which  are  fas- 
tened .to  the  great  veflels  and  the  pericardium.  Fur- 
ther, the  influence  of  an  irritated  nerve  is  never  pro- 
pagated upwards  ; whereas  an  elaftic  chord  commu- 
nicates its  tremors  to  both  ends  from  the  point  of  per- 
cuffion.  Hence  it  is  plain,  the  .nerves  do  not  aCl  by 
their  fpring,  but  by  the  motion  of  their  proper  fluid. 
The  extreme  fmallnefs  of  thefe  canals,  which  no  mi- 
crofcppe  can  reach,  is  no  valid  objection  to  this : nei- 
- "Yol.  I.  D ther 
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-$her  our  inability  to  difoern  that  -fluid.  This  only 
proves  the  im  perfection  of  our  fenfes. 

“ But  what  is  this  fluid  i"  Who  can  tell  ? We  may 
very  probably  coaje6ture,  it  eonfifts  of  fome  fubtle  fire 
or  ether,  diffufed  through  the  whole  fy ftem  of  nature, 
suid  acting  by  laws  unknown  to  us.  , 
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51.  Of  $he  other  fluids,  fome  ferve  to  prepare  the 
jchyle  ; fome  to  thin  the  blood  and  preferve  it  from 
*putrefa£tioa. . Others  only  remain  till  they  can  be 
thrown  out  of  the  body, . as  being  ufelefs  and  iuper- 
$uous.  All  of  thefe,  but  the  chyle,  arife  irom  the 
blood*  being  feasted  from  it  by  proper  glands.  But 
as  to  the  manner  of  fecretion,  after  all  the  moft  ac- 
curate and  laborious  inquiries,  it  ftill  remains  abfo- 
lutely  uncertain ; and  every  one  abounds  in  his  own 
fenfe.  Some  believe  it  depends  on  the  fuitablenefs  otf 
the  fluid  fecemed,  to  the  fhape  of  the  fecerning  pores. 
Some  lay  the  flrefs  rather  on  the  various  fize  and  dia- 
meters . of  thofe  pores  : others  on  this,  that  the  con- 
llituent  particles,  fuppofe  of  the  bile,  .from  their  pecu- 
liar proportion,  texture  and  figure,  may  be  moreeafily 
.united  to  each  other,  than  to  the  particles  of  lymph* 
or  any  other  fluid.  r 

5?.'  The  chief  of  all  the  fluids  In  our  body,  and  the 
-fountain  of  life,  is,  the  blood.  It  eonfifts  of  a watry 
ferum,  fibrous  particles,  and  red  globules,  which  laft 
are  fcarce  a twelfth  part  of  it.  It  is  generated  thus. 
The  meat  and  drink  being  digefted  into  chyle,  pais 
Irom . the  inteftines,  through  the  iatSfceal  veins  and  the 
thoracic  du&9  into  the  left  fobclavian  vein,  and  thence 
into  the  vena  cava,  where  it  mixes  with  the  blood,  and 
then  circulates  with  it,  till  it  is  wholly  aflimilated. 

Blood,  frefti  drawn,  appears  to  the  naked  eye,  uni- 
form and  homogeneous.  But  when  cold,  it  feparates 
into  two  parts ; the  one  red  and  fibrous,  which  clots 
together ; the.  other  thin  and  tranfparent,  called  the 
ferum,  in  which  the  former  fwinrn , The  ferum  is  in 
bulk  three  fourths  of  the  blood ; in  weight  fifteen 
feventee&ths. 

A red  globule  is  computed  to  be .25,000  times  fmaller 
than  the  fmalieft  grain  of  fend,  i . . . . > 

.But 
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Bat  whence  arifes  the  heat  of  the  blood  ? This  de- 
fer ves  a particular  inquiry. 

Fermentation  is  that  fpontaneous,  inteftine  motion, 
which  by  the  heat  of  fub terraneous  caverns,  will  in  a 
few  hours  fo  change  vegetable  juices  (for  fermenta- 
tion is  confined  to  the  vegetable  kingdom)  as  from  a 
vapid  wort  quenching  fire,  to  nourifii  fire*  and  to 
afford  that  inflammable  liquor,  commonly  called  fpirits. 

Effervefcence  arifes  from  an  inteftine  motion  excited 
in  various  fluids,  by  the  mixture  of  other  fluids,  or  of 
falts  or  powders  erf  a different  nature.  Acids  and 
alkali,,  when  mixt,  caufe  a great  ebullition,  but'  no 
great  heat : whereas  the  folution  of  fome  metals  in 
aqua-fortis,  caufes  intenfe  heat,  and  emits  flame.  Aro- 
matic oils,  mixt  with  acid  mineral  fpirits,  kindle  and 
bum  with  violent  explofions.  * •• 

' In  thefe  cafes,  as  there  is  no  adventitious  fire,  there 
mull  be  fire  lying  hid  in  one  or  cither  of  the  bodies. 
And  it  is  known,  much  air  lies  dormant  in  all  bodies. 
It  is  known  likewife,  that  fire  cannot  exert  itfelf,  with- 
out the  help  of  air.  It  being  granted  then,  that  fire 
and  air  lie  dormant  in  all  bodies,  there  is  only  required 
fuch  an  a&ion  as  may  fet  at  liberty  the  particles  of  air 
and  of  fire.  By  this  adtion,  the  particles  of  air  reco- 
ver their  elaftidfy,  and  putting  thofe  of  fire  in  motion, 
caufe  heat,  but  not  incenfion,  unlefs  this  fire  meet  >a 
proper  pabulum,  which  pabulum  is  fulphur  only, 
though  differently  modified,  whether  in  the  appear- 
ance of  brimftone,  oil,  fpirits,  metalline  fulphur.  Or 
the  moft  inflammable  of  all,  animal  fulphur,  com- 
monly called  phofphorus.  • • . • ; 

In  fermentation,  the  fire  and  air  being  let  lodfe,  pro- 
duce warmth,  but  feldom  kindle,  becaufe  of  the  water 
predominating.  But  in  the  effervefcence,  produced  by 
the  folution  of  metalline  fulphur,  they  kindle  and 
fometimes  caufe  explofions.  Aromatic  oils,  contain- 
ing little  but  the  fulphureous  parts  of  the  vegetables, 
immediately  kindle  and  break  out  into  flame.  And 
phofphorus  is  fo  highly  inflammable,  that  if  it  be  only 
expofed  to  the  air  a few  minutes,  it  kindles  and  flames. 

Now  all  animals  contain  more  or  lefs  phofphorus. 
Some  infedls  conftantly  fhine  in  the  open  air.  Many 
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%pn  a very  flight  fridtion.  'Thefe  are  . proofs  of  phos- 
phorus lying  dormant  in  animal  fluids : and  as  they  all 
•contain  air  likewife,  let  only  the  phofphoreal  and  aereal 
particles  be  brought  ivito  contaft,  and  heat  neceflarily 
;'enfues. 

r This  clearly  explains  the  caufe  of  animal  heat  : of 
which  the- heart  and  arteries  are  the  occafion  j not  "by 
fridlion,  butJby  the  inteftine  motiQn  which  the  circula- 
tion gives  to  the  feveral  particles  that  cpnftitute  the 
mafs  of  animal  fluids.  As  the  velocity  of  thefe  fluids 

- is  increafed,  -the  particles  of  which  they  confift,  come 
1 ©ftner  into  contact,  and  the  oftner  the  phofphoreal  and 

aereal  meet,  the  more  heat  they  produce. 

-But  to  what  caufe  is  the  colour  of  the  blood  owing 
•~Borelli  took  fome  of  the  red  part,  and  wafhing  it 
frequently  in  water,  found  it  feparable  into  a vifcous 
‘flip'pery  fubftance^  confifting  of  colourlefs  fibres,  which 
Tofe  and  gathered  into  a fcum  on  the  top  of  the  water* 
%and  a deep  red  powder,  which  precipitated  plentifully 
‘ to  the  bottom.  * Hence  it  appears  that  the  rednefs  of 
^the  blood  fprings  from  red  tinging  particles*  as  in  the 
cafe  of  dying. 

However,  this  red  colour,  though  generally  found 
v in  the  blood  of  land-animals,  is  not  abfolately  necef- 
^fary,  there  being  fome  fpecies,  whole  blood  is  wrhite 
or  limpid.  "Nay -Dr.  Drake  let  ou^of  the  median  vein 
r.of  a man,  a pure,  white  blood,  like  milk,  vvhich  when 
cold,. did  not  leparate  into  two  parts,  as  the  red  ufually 
-does.  vNor  yet  did  it  yield  any  fcum  or  cream, -neither 
4urn  four  as  milk  ufes  to  do.  T)r.  Beal  gives  an  inftance 
of  the  fame  kind;  and  Dr.  Lower  relates  one  as  ftrange. 

* A perfon  -bled  at  the  nofe,  till  at  length  the  broth  he 
drank  flowred  out  very  little  altered. 

* -It  is  amazing  to  fee,  how  careful  providence  h£s 
-been*  to  prevent  the  blood’s  running  into  concretions, 

- which  might  deftroy  life,  by  the  very  difpofitions  of 
the  veflels  it  is  to  run  through.  Thefe  are  fo  con- 
trived, as  to  caufe  the  globules -to  come  together  with 
a brilk  collifion.  The  arteries  which  convey  the  blood 
from  the  heart  to  the  extremities,  continually  leflen,  as 
they  recede  from  their  fource  ; in  confequence  of  which, 
the  globules  of  blood  muft  r ufli  with  force  again  ft  one 
another,  as  they  are  driven  on  impetuoufly*  And  the 
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which  bring  it  back  from  the  extremities  to  the 
heart,  enlarging  all  the  way  as  they  go  on,  while  ther- 
ftreams  of  feveral  continually  run  into  one,  each  of 
thefe  ingrefles  caufes  new  commotions,  capable,  though 
not  of  diflolving  that  natural  connexion  of  the  red  and. 
ferous  particles,.-  yet  of  preventing  any  preternatural 
concretions  or  coagulations* 


53.  Thefe  are  tire  parts  of  which  this  wonderful  ma- 
chine is  compofed,  which  the  chymifts  fay,  confifts  of 
four  forts  of  matter,  earth,"  water,  fait,  and  fulphur, 
the  particles  of  which  being  varioufly.mixt  together, , 
conllitute  larger  particles  of  different  kinds  ; out  of 
Which,  mere  loofely  or  clofely  connedled,  all  the  parts 
o£  the  body,  folid  or  fluid  are  compofed. 

: But  this  is  far  from  being  an  accurate  account.  For 
what  are  falfcand  fulphur  but  fpecies  of  earth  ? May 
not  we  then  much  mere  properly  fay  with  the  ancients*, 
that  the  body  is  chiefly  compofed  of  earth  and  water, 
yet  cannot  enjoy  even  animal  life,  unlefr  air  and  fire 
alfo  be  wrought  into  its  frame  ? So  that  at  whatsoever 
time*  it  is  deprived  either  of  ai,r  or  fir£,  it  is  an  ufelefs, 
lUelefs  clod.  And  yet  the  manner  Jiow  thefe  are  fo  in-^ 
timately  mixt,  both  with  our  fluid  and  folid  parts,  as 
much  exceeds  our  comprehenfion,  as  the  manner  how 
the  foul  is  united  to  its*houfe  of  clay.* 

That  much  air  is  wrought  into  the  whole  animal  > 
frame,  appears  by  the  following  experiments.  The 
blood  of  a fheep,  frefh  drawn,  was  in  a.  wide-mouthed 
glafs  put  into  a receiver,  and  the  air  drawn  out.  After . 
a while, » the  fubtle  parts  of  the  blood  forced  their  way  : 
through  the  clammy  ones,  and  feemed  to  boil  in  large 
cluftersj.fome  as  big  as  nutmegs.  And  fometimes  the 
expanfion  was  fo  vehement,  that  it  boiled  over  the 
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Some  milk  being  put  into  a veflel  four  or 

five  inches- high,  when  the  air  was  drawn  out,  it  boiled  . 
fo  impetuoufly^as  to  throw  up  feveral  parts  out  of  the 
gjafs  that  contained  it.* 

And  to  fhew,  that  not  only  the  blood,  but  the  other  • 
parts  of  animals  include  air the  liver  of  an  eel  was- 
put  into  a receiver,  and,  even  this  apparently  fwelled  , 
every  way,  as  foon  as  the  air  was  withdrawn. 

The: 
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- The  air,  as  a fixt  element  in  the  coropofition  of  fo-  * 

lid  and  fluid  bodies,  has  been  generally  overlooked  by 
philofophers,  and  even  by  the  chymifts,  who  have  above 
all  fefts,  gloried  ia  their  knowledge  of  principles  or 
elements  ; until  Mr.  Boyle,  Sir  Ifaac  Newton,  and 
more  especially  Dr.  Hales?  by  many  experiments  de- 
monftrated,  that  a great  part  of  the  fubftance  of  moft 
bodies,  rn  Several  to  half  their  weight,  is  a permanent 
orunelaftic  air,  which  being  freed  [either  (1)  flowly, 
by  the  air-pump,  putrefaftion,  fermentation,  diftilla- 
lion,  &c.  or  ( 2 ) Suddenly  by  explofions,  fulminations, 
ebullitions,  mixtures,  &c.]  from  the  other  folid  parti- 
cles, affumes  its  elafticity,  &nd  fills  an  immenfe  Space, 
in  comparison  of  the  body  from  whence  it  came.  Dr* 

Hales  found  a cubic  inch  of  blood  in  dift  illation,  af- 
forded above  30  times  its  bulk  of  elaftic  air  ; whofe 
particles  are  in  effect  the  wedges  of  nature  which  pin 
and  cement  together  the  other  elements,  and  particles 
of  bodies  for  their  growth  of  accretion  ; and  under 
other  circum  fiances,  regaining  their  elafticity,  Serve 
to*  break  again  thofe  parts  for  the  dilfolution  of  the 
compound,  whofe  matter  may  be,  by  the  fame  inftru-, 
inent,  again  differently  affembled  and  combined  for  the 
forming  of  other  bodies. 

54?.  It  remains  to  add  fome  refleftions  on  the  wifdom 
of  God,  difplayed  in  the  ftru&ure  of  the  human  bo- 
dy. Arid  how  eminently  is  this  difplayed,  firft*  m the 
Situation  of  its  Several  parts  and  members  ! They  are  • 
fituated  moft  conveniently  for  ufe,  for  ornament,  and 
for  mutual  affiftance.  1.  For  ufe.  The  principal 
fenfes  are  placed  in  the  head,  as  Sentinels  in  a watch- 
tower.  How  could  the  eyes  have  been  more  commo-~ 
dioufly  fixt,  for  the  guidance  of  the  whole  body  ? The 
ears  like  wife,  made  for  the  reception  of  founds,  which 
naturally  move  upward,  are  rightly  placed  in  the  up- 
permoft  parts  of  the  body  : and  fo  are  the  noftrils,  as 
' all  odours  afcend.  Again  : how  could  the  hands  have 
been  more  conveniently  placed,  for  all  forts  of  exer- 
clfes  ? Or  the  heart,  to  difpenfe  life  and  heat  to  the 
whole  body  ? Or  the  finks  of  the  body,  than  in  the  ^ 
moft  remote  parts  of  it  ? 2.  For  ornament.  Not  to  de- 
fcend  to  particulars,  what  could  be  better  contrived, 

than 
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than  that  thofcrmembets  wbieh  are  pairs  (hould  be  of 
equal  length,  and  juft  anfwer  one  another  on  each 
fide  ? ' 3.  For  mutual  affiftance.  So  the  eye  ftands  moft* 
conveniently  to  guide  the  hand,  and  the  hand  to  de- 
fend the  eye.  The  fame  may  be  faid  of  the  other 
parts  : they-  are  alt To  placed;  as  to  direct  or  help  each 
other.  This  will  clearly  appfear,  if  you  foppofe  the 
pofition  of  any  of  them  to  be  changed.  Had  our  arms 
been  bent  backward,  what  direction  could  our  eyes 
have  afforded  us  in  working  ! Or  how  could  we  even  ' 
have  fed  ourfelves  ? Nay,  had  one  arm  bent  back-*- 
ward,  and  the  other  forward,  half  the  ufe  of  theiif: 
had  been  loft  ; for  one  could  not  have  affifted  the  other 
m any  action.  - - 

* How  is  his  wifdom  difplayed,  Secondly,  in  the  anv' 
pie  provifioii  made  for  the  fecurity  of  the  principal  * 
parts!  Thefe  are,  1.  The  heart,  the  fountain  of  life. 
This  lies  in  the  centre  of  the  trunk  of  the  body,  co- 
vered with  its.own  membrane  ; the  pericardium,  lodged 
Within  - the  foft  bed*  of  the  lungs,  encompaftf  round* 
with  a double  fence,  both  of  thick  mufcles  and  flans,  ' 
and  of  firm  ribs  and  bones  ; befides  the  arms,  convex 
niently  placed  to  ward  off  any  violence : 2.  The  brain, 
the  principle  of  all  fenfe  and  motion,  is  furrounded 
with  fo  ftroug  a'  defence,  that : it  mufb  be  a mighty 
force  indeed,  which  is  able  to  injure  it.  The  fcull  is 
fo  hard,  thick  and  tough,  that  it  is  almoft  as  firm  as  a 
helmet  of  iron.  This  is  covered  with  fkih  and  hair, 
which  both  keep  it  warm,  and  foften  the  violence  of  & 
ftroke. . Yet  more,  a thick  and  tough  membrane  hangs 
loofe  about  it,  which  often  faves  it,  even  when  the  fcull  , 
is  broke.  And  laftly,  a fine  membrane  - clofely.  ad* 
heres,  to  keep  it  from  quafhing  and  (baking. 

* How  is  it  difplayed,  thirdly,  in  the  abundant  pro- ' 
vilion  that  is  made  againft  evil  accidents  and  » incon- 

-veniencies!  To  this  end,  1.  The  members  which  are 
of  eminent  ufe  are  in  pairs.  We  have  two  eyes,  ears, 
noftriis,  hands  ; two  feet,  two  breads, -two  kidneys^ 
that  if  one  fhould  be  rendered  ufelefs,  the  other  might 
ferve  us  tolerably  well : whereas  had  a man  but  one 
hand  or  eye,  if  that  were  gone,  all  were  gone.  2.  All 
the  velfels  ha?ve  many*  ramifications,  which  fend  forth* 
twigs  to  the  neighbouring  veffels  ; fo  that  if  one  branch 
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be  cut  or  obftruAed,  its  want  may  be  fupplied  by  th#- 
twigs  from  the  neighbouring  vefl'els.  3.  Many  ways 
are  provided  to  evacuate,  whatever  might  be  hurtful, 
to  us.  , If  any  thing  opprefs  the  head,  it  can  free  it- 
felf  by  freezing : if  the  lungs,  they  can  caft  it  off  by 
coughing.  If  any  thing  burden  the  ftomach,  it  can 
contra itfelf,  and  throw'  it  up  by  vomit.  Befide  thefe 
evacuations,  there  are  fiege,  urine,  fweat,  and  hasmor- 
hages  of  various  kinds.  4.  Whereas  fleep  is  necef^ 
fary  for  us  in  many  refpe&s,  nature  has  provided,  that 
though  we  lie  long  on  one  fide,  we  fhould  feel  no  un~ 
eafinefs  while  we  fleep,  no,  nor  when  we  awake.  One 
would  think,  the  whole  weight  of  the  body  preffing 
the  mufcles  on  which  we  lie,  wo.jild  be  very  burden- 
fome,  And  we  find  by  experience,  fo  it  is,  when  we 
lie  long  awake  in  the  night.  Probably  this  provifiotv 
is  made,  by  an  inflation  of  the  mufcles,  making  them 
Soft,  and  yet  renitent,  like  pillows.  That  they  are  in- 
flated during  fleep,  appears  to  the  very  eye,  in  the  faces 
cf  children  ; and  from  the  common  experiment,  that 
if  we  fleep  in  our  clothes,  we  mull  loofen  our  garters 
and  other  ligatures,  otherwife  we  find  uneafinefs  in 
thofe  parts.  , 5.  Becaufe  fleep  is  inconfiftent  with  the: 
fenfe  of  pain,  therefore  during  reft,  thofe  nerves  that 
convey  the  motions  to  the  brain,  which  excite  the  fenfe 
of  pain  are  obftru&ed.  “ This  I myfelf,  fays  Mr.  Ray, 
have  often  experienced,  fince  I have  had  fores  on  my 
legs.  Waking  fuddenly,  I find  myfelf  at  perfect  eafe 
for  awhile.  Then  the  pain  by  degrees  returns.”  » 
It  is  difplayed,  fourthly,  in  the  multitude  of  inten- 
tions God  hath  in  the  formation  of  the  feveral  parts, 
and  the  multitude  of  qualifications  they  require  to  fit 
them  for  their  feveral  ufes.  Galen  obferves,  “ that, 
there  are  in  a human  body,  above  fix  hundred  muf- 
cles. And  there  are  at  leaft  ten  feveral  intentions  in 
each,  and  as  many  qualifications  needful : fo  that  about 
the  mufcles  alone,  no  lefs  than  6000  ends  are  to  be  at- 
tended to.  The  bones  are  reckoned  to  be  284,  The 
diftindt  intentions  in  each  of  thefe  are  above  forty : in 
all  about  a hundred  thoufand.  . And  thus  it  is,  in  pro- 
portion, with  all  the  other  parts  : the  fkin,  ligaments, 
veins,  arteries,  nerves,  glands,  humours  : but  more 
especially  with  the  members  of  the  body,  which  as  to 
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the  multitude  of  intentions  and  qualifications,  far  ex- 
ceed, the  fimilar  parts.  And  fliould  one  of  thefe  qua- 
lifications fail,  great  inconvenience  would  enfue.” 

It  is  difplayed,  fifthly,  in  the  feature  of  man,  fo  ad- 
mirably well  adapted  to  the  circumftances  of  his  ex- 
iftence.  Had  man  been  only  a foot  or  two  high,  he 
had  been  quite  difproportioned  to  every  thing  round 
about  him.  Had  he  been  much  larger,  he  could  not 
well  have  Been  fupplied  with  food  : all  the  edible  ani- 
mals/  would  not  have  fufficed.  And  had  they  too  beeii 
proportionably  larger,  the  furface  of  the  earth  would 
not  have  fufficed  to  feed  them.  > . 

It  is  however  a common  opinion,;  and  has  been  fo 
ever  fence  old  Homer’s  time,  that  the  people  in  the 
early  ages  of  the  world,  were  much  larger  than  us* 
Ana  it  is  trite,  we  read  of  feme  men  or  a furprifing, 
feature.  But  they  were  even,  then  efteemed  giants.-. 
The  ordinary  feature  of  men,  is  probably  juft'  the  fame 
now,  as  it  was  in  the  beginning.  This  may  be  ga- 
thered from’  the' monuments  ftill  remaining,' particu- 
larly the  pyramids  of  Egypt.  The  cavities  for  bodies* 
now  vifible  herein,  are  little  larger  than  otir  ordinary 
coffins : likewife  from  feveral  embalmed  bodies  taken 
out  of  them  it  appears,  that  men  are  of  the  fame  fta-~ 
Cure  now,  that  they  were  when  thofe  pyramids  were 

built,  which  is  at  leaft  three  thoufand  years  ago. — 

EigKteeiv  hundred  years  fence,  the  Emperor  Auguftus 
was  five  feet  feven  inches  high  : Queen  Elizabeth  was 
taller  by  two  inches,  being  five  feet  nine: 

But  what  a paradox  is  it,  that  all  men  are  taller  in 
the  morning  than  in  the  evening  ? In  a young  man, 
the  difference  is  near  an  inch,  try  the  experiment  as 
often  as  you  pleafe.  Does  riot  the  difference  proceed 
from  hence,  that  as  long  as*  the  trunk  of  the  body  is 
in  an  ere£t  pofture,  there  is  a conftant  preffure  on  the 
large  cartilages  conne<S4ng  the  vertebra  of  the  fpine  ? 
So  long  they  gradually  contract,  and  confequently  a 
man  grows  ffiorter.  But  they  again  gradually  expand 
themfelves,  while  we  are  in  a reclining  pbfture. 

.As  to  the  art  of  embalming,  ft  appears  from  a mumf- 
xnjT  not  long  fence  dug  up  in  France,  that  this  wafe 
more  completely  underftood  in  the  weftern  world  fome 
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ages  fmce,  than  ever  it  was  in  Egypt-  This  mummy 
which  was  dug  up  at  Auvergne,  was  an  amazing  in- 
ftance  of  their  ffeill.  As  fome  peafants  were  digging 
in  a field  near  Rion,  within  about  twenty-fix  paces  of 
the  highway,  between  that  and  the  river  Artier,  they 
difcovered  a tomb,  that  was  about  a foot  and  a half 
beneath  the  furface.  It  was  compofed  only  of  two 
Hones  $ one  of  which  formed  the  body  of  a fepulchre, 
and  the  other  the  cover. 

This  tomb  was  of  freeftone  ; feven  feet  and  a half 
long,  three  feet  and  a half  broad,  and  about  three  feet 
high.  It  was  of  rude  workmanftip  ; the  cover  had 
been  polifiied,  but  was  without  figure  or  infcription  : 
within  this  tomb  was  placed  a leaden  coffin,  four  feet 
feven  inches  long,  fourteen  inches  broad,  and  fifteen 
high.  It  was  oblong,  like  a box,  equally  broad  at 
both  ends,  and  covered  with  a lid  that  fitted  on  like  a 
fnuff-box,  without  a hinge.  Within  this  coffin  was  a 
mummy,  in  the  mod  perfect  prefervation.  The  inter- 
nal fides  of  the  coffin  were  filled  with  an  aromatic 
.fubftanee,  mingled  with  clay.  Round  the  mummy 
was  wrapped  a coarfe  cloth  ; under  this  were  two  (hirts, 
or  fhrouds,  of  the  mod  exquifite  texture  ; beneath 
thefe  a bandage,  which  covered  all  parts  of  the  body, 
like  an  infant  in  Twaddling, -clothes  ; under  this  general 
bandage  there  was  another,  which  went  particularly 
round  the  extremities,  the  hands  and  legs ; the  head 
was  covered  with  two  caps  ; the  feet  and  hands  were 
without  any  particular  bandages  ; and  the  whole  body 
was  covered  with  an  aromatic  fubftanee,  an  inch  thick. 
When  thefe  were  removed,  and  the  body  expofed  naked 
to  view,  nothing  could  be  more  aftonifhing  than  the 
exadl  refemblance  it  bore  to  a body  that  had  been  dead 
a day  or  two  before.  -It  appeared  well  proportioned, 
except  the  head  was  rather  large,  and  the  feet  fmall. 
The  fkin  had  all  the  pliancy,  and  colour  of  a body 
lately  dead ; the  vifege,  however,  was  of  a brownifh 
hue.  The  belly  yielded  to  the  touch  ; all  the  joints 
were  flexible,  except  thofe  of  the  legs  and  feet  ; the 
fingers  ftretched  forth  of  themfelves  when  bent  in- 
wards. The  nails  ftill  continued  perfeft  ; and  all  the 
marks  of  the  joints,  both  in  the  fingers,  the  palms  of 
the  hands,  and  the  foies  of  the  feet,  remained  perfectly 
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vifible.-  The  bones  of  the  arms  and  legs  were’  foft 
and  pliant ; thofe  of  the  fcull  preferved  their  rigidity  : 
the  hair  which  only  covered  the  back?  of  the  head,  was 
of  a-chefnut  colour,  and  about  two  inches  long.  The 
pericranium  at  top  was  feparated  from  the  fcull,  by  an 
incifion,  in  order  to  the  introducing  aromaticsin  the 
place  of  the  brain;  where  they  were  found  mixed  with 
clay.  The  teeth,  the  tongue,  and  the  ears,  were  all 
preferved  in  perfect  form.  The  inteftines  were  not 
taken  out  of  the  body,  but  remained  pliant  and  entire, 
as  in  a frefli  fubjeft;  and  the  bread  was  made  to  rife 
and  fall-like  a pair  of  bellows.-  The  embalming  pre-' 
,paration*had  a very  ftrong  and  pungent  ffnell,  which" 
the  body  preferved  for  more  than  a month  after  it  was  ^ 
expofed  to  the  air.  If  one  touched  either  the  mummy* 
or  any  part  of-the  preparation,  the  hands  fmelt  of  it  * 
for  feveral  hours  after.  This  mummy,  having  re- 
mained expofed  for  fome  months,  began  to  fuffer  fome 
mutilations.  A part  of  the  fkin  of  the  forehead  was* 
cut  off ; all  its  teeth  were  drawn  out,  and  fome  at- 
tempts were  made  to  pull  away  the  tongues  It  was 
therefore  put  into  a glafs  cafe,  and  transmitted  to  the^ 
king’s  cabinet  at  Paris. 

- Thete  are  many  reafons  to  believe  this  to  be  the  body'" 
of  a perfon  of  the  higheft  diftin&km  however  no  j 
marks  remain  to  affure  us  either  of  the  quality  of  the" 
perfon,  or  the  time  of  his  deceafev  There  are  only  to  s 
be  feen  fome  irregular  figures  on- the  coffin : ong  otf- 
which  reprefents  a kind  of  dar. 

There  were  alfo  fome  ftngular  characters' upon  the 
■?  bandages,  which  were  totally  defaced  by  thofe  who 
had  tore  therm  It  fhould  feem  that  it  had  remained 
for  feveral  ages  in  this  date,  fince  the  fird  years  im* 
mediately  fucceeding  the  interment,  - are  ufually  thofe 4 
in  which  the  body  is  mod  liable  to  decay. 

On  this  remarkable  I beg  leave  to  add  an- 

fcxtradt  from  a late  author. 

* u I always  apprehended  that  human  bodies  after! 
death,  if  interred,  or  expofed  to  the  air  without  any  \ 
preparation  to  defend' them- from  the  attacks  of  it,: 
would' of  neceffity  corraptp  become  effenfive,  and  pu- 
trify.  The  art  6f  embalming-is  very  ancient*  md  was  ] 
\ - . invented] 
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invented  to  preferve  them  from  this  inevitable  confer 
! quence  of  death  ; but  that  they  may  remain  unputri-r 
fied  for  centuries  without  any  fort  of  artificial  aid,  I 
I have  ieen  fo  inconteftibly  proved  fince  my  arrival  at 
l Bremen,  that  I imagine  not  tKe  fhadow  of  doubt  can 
\ remain  about  it.  Under  the  cathedral  church  is  a 
• vaulted  apartment,  fupported  on  pillars;  it  is  near 
fixty  paces  long,  and  half  as  many  broad.  The  light 
and  air  are  conftantly  admitted  into  it  by  three  win-' 
dows,  though  it  is  fever al  feet  beneath  the  level  of  the 
f ground.'  Here  are  five  large  oak  coffers,  rather  than 
I coffins,  each  containing  a corpfe.  I examined  them, 

! feverally  for  two  hours.  The  moft  curious  and  per- 
fect, is  that  of  a woman.  Tradition  fays,  ftie  was  an 
. Englifh  countefs,  who  dying  here  at  Bremen,  ordered 
her  body  to  be  placed  in  this  vault  uninterred,  in  the 
apprehenfion  that  her  relations  would  caufe  it  to  be 
brought  over  to  her  native  country.  They  fay  it  has 
lain  here  two  hundred  and  fifty  years.  Thoug'h  the 
mufcular  fkin  is  totally  dried  in  every  part,  yet  fo  little 
are  the  features  of  the  face  funk  or  changed,  that  no- 
! thing  is  more  certain  than  that  fhe  was  young,  and 
| even  beautiful.  It  is  a fmall  countenance,  round  in 
; it-  contour:  the  cartilage  of  the  nofe  and  the  noftrils 
| have  undergone  no  alteration  : her  teeth  are  all  firm 
*■;  in  the  fockets,  but  the  lips  are  drawn  away  from  over 
: them.  The  cheeks  are  fhrunk  in,  but  yet  lefs  than  1 
l ever  remember  to  have  feen  in  embalmed  bodies.  The 
| hair  of  her  head  is  at  this  time  more  than  eighteen  in? 

I ches  long,'*  very  thick,  and  fo  faft,  that  I heaved  the 
\ corpfe  out  of  the  coffer  by  it : the  colour  is  a light 
brown,  and  I cut  off  a fmall  lock,  which  is  as  frefh 
/and  gloffy  as  that  of  a living  perfon.  That  this  lady 
| was  of  high  rank  feems  evident  from  the  extreme  fine- 
nefs  of  the  linen  which  covers  her  body.  The  .land- 
\ lord  of  the  inn,  who  was  with  me,  faid,  he,  remem- 
bered it  for  forty  years  paft,  during  which  time  there 
is  not  the  lead  perceptible  alteration  in  it. In  ano- 

ther coffer  is  the  body  of  a workman,  who  lVfaid  to 
have  tumbled  off  the  churchy  and  was  killed  by  the 
fall.  His  features  evince  this  moft  forcibly.  Extreme 
•agony  is  marked  in  them  : his  mouth  is  wide  open, 
and  his  eyelids  the  fame  i the  eyes  are  dried  up. : His 
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■bread  is  unnaturally  didended,  and  his  whole  frames 
. betrays  a violent  death. — A little  child  who  died  in  \ 
the  fmall-pox  is  dill  more  remarkable.  The  marks  o£  { 
the  puftules,  which  have  broken  the  fkin  on  his  hands  I 
and  head,  are  very  difcernable;  though  one  fhould, 
fuppofe  that  a body /which  died,  of  finch  a diftemper*  ! 
mud  contain  in  a high  degree  the  feeds  of,  putrefac-* 
tion.— The  two  other  corpfes  are  not  lefs  extraordi- 
nary. There  are  in  this  vault  likewife  turkeys,.  hawks,2 
weafels,  and  other  animals,  which  have  been  hung  up 
here,  from  time  immemorial,  feme  very  lately,  and  I 
are  in  the  mod  -complete  prefervation  : the  fkin,  bills*/ 
and  feathers,  are  all  unaltered.  The  magidrates  do| 
not  permit  that  any  frefh  bodies  be  brought  here.  The  . 
caufe  of  thefe  phenomena  are  doubtlefs  the  drynefs 
of  the  place  where  they  are  laid..  It  is  in  vain  to  leek 
, for  any  other.”  . 

A repofitory  of  nearly  the  fame  kind,  a late  writer 
informs  us,  is  at  a monadery,  near  Palermo,  in  Sicily* 

It  is  a long,  fubterranean  gallery,  having  niches  on 
every  fide,  between  fix  and  feven  feet  high.  In  eacH 
of  thefe  is  a human  body  Handing  ere<d,  in  its  ufual 
apparel.  The  face  and  the  hands  are  uncovered,  and  . 
preferve  their  fhape,  and  natural  colour,  only  a little 
browner.  They  are  fadened  to  the  Avail  by  the  back. 

. Some  of  them  are  believed  to  have  been  there  tAvo  or 
three  hundred  years. — Suppofe  they  could  remain  there 
for  ever,  what  would  it  profit  their  former  inhabit 
/ tants ! - i 

# . -4 

Another  traveller  gives  a fuller  account  of  them.  . 

“ This  morning  we  went  to  fee  a celebrated  con\rent 
of  capuchins,  about  a mile  without  the  city  of  Paler- 
mo ; it  contains  nothing  very  remarkable,  but  the 
burial-place,  which  indeed  is  a great  curiofity.  This 
is  a vad  fubterraneous  apartment,  divided  into  large 
commodious  galleries,  the  walls  on  each  fide  of  which 
are  hollowed  into  a variety  of  niches,  as  if  intended 
for  a great  colleftion  of  datues  : thefe  niches,  indead 
- of  datues,  are  all  filled  with  dead  bodies,  fet  upright 
upon  their  legs,  and  fixed  by  the  back  to  the  infide  of 
$ nich.  Their  nuhiber  is  about  three  hundred  } they 

are 
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are  ail  dreffed  m the  clothes  they  ufually  wore,  and 
form  a moll  refpe&able.and  venerable  a/Tembly..  The 
fkin  and  mufcles,  by  a certain  preparation,  become  as 
dry  and  hard  as  a piece  of  ftock-fifh ; and  although 
many  of  them  have  been  here  upwards  of  two  hun~ 
dred  and  fifty  years,  yet  none  are  reduced  to  fkele- 
tons ; though  the  mufcles  in  fome  are  more  fhrunk 
than  in  others  ; probably  becaufe  thefe  perfons  had 
been  more  extenuated  at  the  time  of  their  death. 

Here  the  people  of  Palermo  pay  daily  vifits  to  their 
deceafed  friends,  and  recal  with  pleafure  and  regret 
thefeenes  of  their  paft  life : here  they  familiarize  them* 
fehres  with  their  future  ftate,  and  chufe  the  company 
they  would  wifh  to  keep  in  the  Other  world.  It  is  a 
common  thing  to  make  choice  of  their  nich,  and  to  try 
if  their  body  fits  it,  that  no  alterations  may  be  necet 
fary  after  they  are  dead  ; and  fometimes  by  way  of  vo* 
luntary  penance,  they  (land  for  hours  in  thefe  niches.' 

The  bodies  of  the  princes  and  firft  nobility  are  lodged 
in  handfome  chefts  or  trunks,  fome  of  them  richly 
adorned  : thefe  are  not  in  the  fhape  of  coffins,  but  all 
of  one  width,  and  about  a foot  and  a half,  or  two  feet 
deep.  The  keys  are  kept  by  the  neareft  relations  of 
the  family,  who  fometimes  come  and  drop  a tear  over 
their  departed  friends. 

Thefe  vifits  muft  prove  admirable  leffons  of  humi- 
lity ; an d they  are  not  fuch  objects  of  horror  as  one 
would  imagine : they  are  laid,  even  for  ages  after 
death,  to  retain  a ftrcmg  likeneft  of  what  they  were 
when  alive : fo  that,  as  foon  as  you  have  conquered 
the  firft  feelings  excited  by  thefe  venerable  figures,  you 
only  confider  this"  as  a vaft  gallery  of  original  por- 
traits, drawn  after  the  life,  by  the  jufteft  and  moft  un- 
prejudiced hand.  It  muft  be  owned,  that  the  colours 
&re  rather  faded ; and  the  pencil  does  not  appear  to 
have  been  the  moft  flattering  in  the  world  : but  no 
matter ; it  is  the  pencil  of  truth,  and  not  of  a merce- 
nary, who  only  wants  to  pleafe. 

It  might  alfo  be  made  of  very  confiderable  ufe  to  fo- 
ciety  : thefe  dumb  orators  could  give  the  moft  pathetif 
le&ures  upon  pride  and  vanity.  Whenever  a fellow 
. begins  to  ftrut,  or  to  affeft  the  haughty,  fupercilious 
air,  he  fhould  be  fent  to  converfe  with  his  friends  in 

the 


the  gallery  : and  if  their  arguments  did  not  bring  him 
to  a proper  way  of  thinking,  I would  give  him  up  as 
incorrigible.”  ' > ' 


I cannot  better  conclude  this  chapter  than  by  an  ex- 
tract from  the  late  pious  and  ingenious  Mr.  Hervey, 
which  may  ferve  for,  aj^  recapitulation Vf  what  has  been 
facid,  as  well  as  an  improvement  of  it. 

“ Let  us  begin  with  the  lefs  adorned,  but  more  folid 
parts,  thofe  which  fupport,  and  which  contain  the  reft. 
Firft,  you  have  a fyftem  of  bones,  caft  in  a variety  of 
moulds,  in  a variety  of  fizes  : all  ftrong,  that  they 
may  bear  up  the  machine,  yet  light,  that  they  may  not 
weigh  us  down  : bored  with  an  inward  cavity  to  con- 
tain the  moiftening  marrow,  and  perforated  with  fine 
dufts,  to  admit  the  nourifhing  veflels.  Infenfible  them- 
felves,  they  are  covered  with  a membrane,  exquifitely 
fenfible,  which  warns  them  of,  and  fecures  them  from 
the  annoyance  of  any  hurtful  friction  ; and  alfo  pre- 
ferves  the  mufcles  from  being  fretted  in  their  adtion, 
by  the  hard  and  rough  fubftance  of  the  bone.  They 
are  larger  at  the  extremities,  that  they  may  be  joined 
more  firmly,  and  not  fo  ealily  diflocated.  The  man- 
ner of  their  articulation  is  truly  admirable,  and  re- 
markably various : yet  never  varied  without  demon- 
ftrating  fome  wife  defign,  and  anfwering  fame  valuable 
end.  Frequently  when  two  are  united,  the  one  » 
nicely  rounded  and  capped  with  a fniooth  fubftance; 
the  other  is  fcooped  into  a hollow  of  the  fame  dimen- 
iions  to  receive  it.  And  both  are  lubricated  with  an 
unctuous  fluid,  to  facilitate  the  rotation. 

The  feet  compofe  the  firmeft  pedeftal,  infinitely  be- 
yond all  that  ftatuary  can  accomplifh,  capable  of  al- 
tering its  form,  and  extending  its  fize,  as  different  cff- 
cumftances  require.  They  likewife  contain  a fet  of 
the  niceft  fprings,  which  help  to  place  the  body  in  a 
variety  of  attitudes,  and  qualify  it  for  the  multiplicity 
of  motions.  The  undermoft  part  of  the  heel,  and  the 
extremity  of  the  foie,  are  fhod  with  a tough  infenfible 
fubftance : a kind  of  natural  faucial,  which  never  wears 
out,  never  wants  repair:  and  which  prevents  an  undue 
compreffion  of  the  veflels  by  the  weight  of  the  body-. 
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The  legs  and  thighs  are  like  ftately  columns,  fo  . arti- 
culated that  they  are  commodious  for  walking,  and 
yet  do  not  obftruCl  the  eafy  pofture  of  fitting.  The 
legs  fwell  out  towards  the  top  with  a genteel  projec- 
tion, and  are  neatly  wrought  off  toward  the  bottom: 
a variation  which  leffens  their  bulk,  while  it  increafes 
their  beaut y. 

The  ribs,  turned  inta  a.  Tegular  arch,  are  gently 
moveable,  for  the  aCt  of|  refpiratioru  They  form  a 
fafe  lodgement  for  the  lungs  and  heart,  fome  of  the 
mod  important  organs  of  life.  The  back-bone  is  de- 
figned,  not  only  to  ftrengthen  the  body,  and  fuftain 
it<s  mod  capacious  ftore-rooms,  butalfo  to  bring  down 
the  continuation  of  the  brain,  ufually  termed  the  fpinal 
marrow.  It  both  conveys  and  guards  this  filver  cord, 
as  Solomon  terms  it,  and  by  commodious  outlets  tranf- 
mits  it  to  all  parts.  Had  it  been  only  ftraight  and  hol- 
low, it  might  have  ferved  thefe  purpofes.  But  then 
the  loins  mud  have  been  inflexible:  to  avoid  which, 
it  confifts  of  very  fhort  bones,  knit  together  by  carti- 
' lages.  This  peculiarity  of  ftruCture  gives  it  the  pli- 
ancy of  an  ozier,  with  the  firmnefs  of  an  oak.  By 
this  means  it  is  capable  of  various  inflections,  without 
bruifing  the  foft  marrow,  or  diminifhing  that  ftrength 
which  is  neceffary  to  fupport  all  the  upper  ftories. 
Such  a formation  in  any  other  of  the  folids,  muft  have 
occafioned  great  inconvenience.  Here  it  is  unfpeakably 
ufeful,  a mafter-piece  of  creating  IkilL 

The  arms  are  exactly  proportioned  to  each  other, 
to  preferve  the  equilibrium  of  the  flruiture.  Thefe 
being  the  guards  that  defend,  and  the  minifters  that 
ferve  the  whole  body,  are  fitted  for  the  mod  diverfified 
, and  extenfive  operations:  firm  with  bone,  yet  not 
weighty  with  flefli,  and  capable  of  performing  all  ufe- ' 
ful  motions.  They  bend  inwards  and  turn  outwards: 
they  move  upward  or  downward.  ",  They  wheel  about 
in  whatever  direction  we  pleafe.  To  thefe  are  added 
the  hands,  terminated  by  the  fingers,  not  of  the  fame 
length,  nor  of  equal  bignefs,  but  in  both  refpeCts  dif- 
ferent, which  gives  the  more  beauty,  and  far  greater 
tifefulnefs.  Were  they  all  flefli,  they  would  be  weak : 
were  they  one  entire  bone,  they  would  be  utterly  in- 
flexible ; but  confining  of  various  little  bones  and  muf- 
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eles,  what  (hape  can  they  not  affume  ? Being  placed  at 
the  end  of  the  arm  the  fphere  of  their  action  is  ex- 
ceedingly enlarged.  Their  extremities  are  an  alfem- 
blage  of  fine  tendinous  fibres,  accutely  fenfible : which 
notwithftanding  are  deftined  to  aimed  inceffant  em% 
ploy,  and  frequently  among  rugged  objects.  For  this: 
reafon  they  are  overlaid  with  nails,  which  preferve. 
them  from  any  painful  impreffions. 

In  the  hand  we  have  a cafe  of  the  fined  inftruments# 
To  thefe  we  owe  thofe  beautiful  ftatues,  this  melodious 
trumpet.  ' By  the  ftrength  of  the  hand  the  tailed:  firs 
fall,  and  the  largeft  oaks  defcend  from  the  mountains* 
Falhioned  by  the  hand  they  are  a floating  warehoufe, 
and  carry  the  productions  of  art  and  nature  from  Bri- 
tain to  Japan. 

The  hand  is  the  original  and  univerfal  fceptre,  which 
not  only  reprefents,  but  ascertains  our  dominion  over 
all  the  elements,  and  over  every  creature.  Though* 
. we  have  not  the  ftrength  of  the  horfe,  the  fwiftnefs  of 
the  greyhound,  or  the  quick  fcent  of  the  fpaniel,  yet 
directed  by  the  underftanding,  and  enabled  by  the* 
hand,  we  can  as  it  were  make  them  all  our  own* 
Thefe  ftiort  hands  have  found  a way  to  penetrate  the 
bowels  of  the  earth,  to  touch  the  bottom  of  the  fea^ 
Thefe  feeble  hands  can  manage  the  wings  of  the  wind, 
arm  themfelves  with  the  violence  of  fire,  and  prefs  into* 
their,  fervice  the  forcible  impetuofity  of,  water.  How\ 
greatly  then  are  we  indebted  to  our  wife.  Creator,  for 
this  diftinguifhing,  this  invaluable  member  ? t 

. Above  all  is  the  head,  for  the  refidence  of  the  brain  ^ 
'ample  to  receive,  and  firm  to  defend  it..  It  has  a com-» 
munication  with  all,  even  the  remoteft  parts  : has  out* 
lets,  for  difpatching  couriers  to  all  quarters,  and  ave* 
nues  for  receiving  fpeedy  intelligence,  on  all  needtui 
occafions.  It  has  lodgments  wherein  to  poft  centimlsf^ 
Tor  various  offices  ; to  expedite  whofe  operations  the 
whole  turns  on  a curious  pivot,  nicely  contrived  to 
afford  the  largeft  and  freed  circumvolutions. 

This  is  fcreened  from  heat,  defended  from  cold,  and 
at  the  fame  time  beautified  by  the  hair  : a decoration 
£6  delicate,  as  no  art  can  fupply  ; fo  perfectly  light,  as 
no  way  to  encumber  the  wearer* 

While 
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While  ether  animals  are  pfcme  in  their  afpe&y  the 
attitude  of  mart  is  eredt,  which  is*  by  far  the  molf 
graceful,  and  befpeaks  fuperiorky.  It  is  by  far  the 
moft  commodious,  for  profecution  of  all  our  extenfive 
defigns.  It  is  likewife  fafeft,  lefs  expofed  to  dangers, 
and  better  contrived  to  repel  or  avoid  them.  Does  k 
not  alfo  remind  us  of  our  noble  original,  and  our  fbb- 
lime  end  ? Our  original,  which  was  the  breath  of  the 
Almighty : our  end,  which  was  the  enjoyment  of  him 
m glory  ? 

This  much  for  the  rafters  and  beams  of  the  houfe. 
us  now  furvey  the  lodgings  within.  Here  are  li-* 
gaments,  a tough-  and  firong*  arrangement  of  fibres* 
to  unite  the  feveral  parts,  and  render  what  would  other- 
wife  be  an  unwieldy  jumble,  a well  compacted  and' 
feB^manageable  fy  ftem  : membranes,  thin  and  flexible" 
ftmicles,  to  enwrap  the  ftefhy  parts,  to  conned!  feme,' 
and  form  a feparatiofi  between  others  : arteries,  the 
rivers  of  ©nr  little  world,  that  ftrikmg  out  as  they  gor, 
info  numberlefs  fmall  canals,  vifit  every  ftreet,  yea 
every  apartment  in  the  vital  city.  Thefe  being  wide 
at  and  growing  narrower  and  narrower,  check 
the  rapidity  of  the  blood.*  This  thrown  from  the  heart,- 
dilates  the  arteries,  and!  their  own  elaftic  force  con- 
tracts them  : by  which  means  they  vibrate  againft  the 
finger,  and  much  aflift  both  in  the  difeovery  and  cure 
of  difeafes.  The  larger  arteries,  wherever  the  blood* 
is  forced  to  bend,  are  fituate  on  the  bending  fide : left 
being  ftretched  to  an  improper  length,  the  circulation 
fliould  be  retarded.  They  are  not,  like  feveral  of  the' 
veins,  near  the  furface,  but  placed  at  a proper  depth.' 
And  hereby  they  are  more  fecure  from  external  inju-: 
ries.  In  tbofe  parts  which  are  moft  Kable  ta  preflure, 
an  admirable  expedient  takes  place.  The  arteries  in- 
o (culate  with  each  other  : breaking  into  a new  track, 
they  fetch  a little  circuit,  and'  afterwards  return  into 
the  main  road.  So  that  if  any  thing  block  up  or 
ftraiten  the  diredl  pafTage*.  the  current,  by  diverting 
to  this  new  channel,  eludes  the  impediment,-  flows  on, 
and  foon  regains  its  wonted  courfe. 

The  veins  receive  the  blood  from  the  arteries,  and 
re-convey  it  to  the  heart.  The  preffure  of  the  blood 

not  near  fo  forcible  in  thefe  as  in  the  arteries.  There- 
fore 
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fore  their  texture  is  confiderably  Slighter.  Such  an 
exaft  ceconomift  is  nature,  amidft  all  her  liberality  ? 
In  many  of  thefe  canals*  the  current,  though  widen- 
ing continually,  is  obliged  to  pufh  its  way  againft  the 
perpendicular  : hereby  it  is  expofed  to  the  danger  of 
falling  back  and  over-loading  the  veflels.  ^ To  prevent 
this,  valves  are  interpofed  at  proper  diftances,  which 
are  no  hinderanee.  to  the  regular  paffage,  but  prevent 
the  reflux,  and  facilitate  the  paffage  of  the  blood  to 
the  grand  receptacle.  But  thefe  valves  are  only  where 
the  blood  is  conftrained  to  climb : where  the  afcent 
ceafes,  they  ceafe  alfo.  • • 

Here  are  glands  to  filtrate  the  pafling  fluids : each' 
of  which  is  an  aflemblage  of  veflels,  complicated  with* 

. feeming  confufion,  but  with  perfedt  regularity.  Each 
forms  a fecretion  far  more  curious  than  the  molt  ad- 
mired operations  of  chymiftry  : mufcles,  compofed  of 
the  fine  ft  fibres,  * yet  endued  with -incredible  (Strength, 
fafhioned  after  a variety  of  patterns,  but  all  in  the 
higheft  tafte  for  elegance  and  convenieney.  Thefe  ate 
the  inftruments  of  motion,  and  at  the  command  of 
the  will,  execute  their  fundfrons  quick  as  lightning  i 
nerves  furprifingly  minute,  which  fet  the  mufcles  at 
work,  diffufe  the  power  of  fenfation  through  the  body, 
and  upon  any  impreflkm  from  without,  give  all  need- 
N ful  intelligence  to  the  foul : veficles,  deftined  with  an 
undtuous  matter,  in  fome  places  compofe  a foft  cufhion  f 
' as  in  the  calf  of  the  leg,  whofe  large  mufcles,  mixt 

with  fat  are  of  Angular  fervice  to  thofe  important 
bones.  This  flanks  and  fortifies  them,  like  a ftrong 
baftion,  fupports  and  cherifhes  them,  like  a foft  pil- 
low. In  other  places  they  fill  up  the  vacuities,  and 
fmooth  the  inequalities  of  the  flelh.*  Inwardly,  they 
fupply  the  machine  for  motion  ; outwardly,  they  ren- 
der it  fmooth  and  graceful. 

The  fkin,  like  a curious  furtout,  covers  the  whole, 
formed  of  the  mcft  delicate  net-work,  whofe  mefhes 
are  minute,  and  whofe  threads  are  multiplied,  even  to 
a prodigy  : the  mefhes  are  fo  minute,  that  nothing 
pafles  them,  which  is  difcernable  by  the  eye  ; though 
they  difcharge,  every  moment,  myriads  and  myriads 
of  fuperfluous  encumbrances.  The  threads  are  fo 
multiplied,  that  neither  the  point  of  the  fmalleft  nee- 
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^le,  flor  the. infinitely  finer  lance  of*  a gnat,  can  pierce 
any  part,  without  drawing  blood,  and  caufing  an  un- 
eafy  lenfation.  Confequently,  without  wounding,  by 
fo  final!  a pun&ure,  both  a nerve  and  a vein  1- 

But  a courfe  of  incelfant  aflion  muft  exhauft  the  fo- 
lids  and  wafte  the  fluids,;  and  unlefs  both  are  properly 
recruited,  in  a Ihort  time  deftroy  the  machine.  For 
this  reafon  it  is  furnifhed  wfith  the  organs,  and  endued: 
with  the  powers  of  nutrition-:  teeth,  the  foremoft,  thin 
and  (harp,  to  bite  afunder  the  food  ; the  hindermoft^ 
broad  and  ftrong,  indented  with  fmall  cavities,  the 
better  to  grind  in  pieces  what  is,  transmitted  to  them.  , 
But  im children,  the  formation  of  teeth  is  poftponed 
till  they  have  occaiion  for  them. 

Were  the  teethr  like  other  bones,  covered-  with  the*- 
periofteum,  chewing  would  give  much  pain.r  Were  . 
they  quite  naked,  they  would  foom  decay  and  perifli.- 
To  guard  againft  both,  they  are  overlaid  with  a neat 
enamel,  harder  than  the  bone  itfelf,  which  gives  no 
pain  in  chewing,  and  yet  Secures  them  from  various 
injuries. 

The  lips  prevent  the  Food  From  flipping  our  of  the 
mouth,  and  affifted  by  the  tongue,  return  it  to  the, 
grinders*  While  they  do  this  in  concert  with  the 
cheeks,  they  fqueeze  a thin  liquor  From  the  adjacent,,, 
glands.  This  moiftens  thefood  and  prepares  it  for  di. 
geftion.  When  the  mouth  is  ina&ive  thefe  are  nearly 
clofed  i but  when  we  fpeak  or  eat,  their  mpifture  being 
then  neceflary,  is  expreft  as  needs  require. * 

But  the  food  could  not  defcend  merely  by  its  own 
weight,  through  a narrow  and  clammy  paflage  into* 
the  ftomach.  Therefore  to  effect  this,,  mufcles  both 
ftraight  and  circular  are"  provided.  The  former  en- 
large the  cavity,  and  give  an  eafy  admittance.  .The 
latter,  clofing  behind  the  defcending  aliment,  prefs  it 
downward.  But  before  the  food  enters*  the  gullet,  it 
muft  of  neceffity  pafs  over  the  orifice  of  the  wind-- 
pipe  : whence  it  is  in  danger  of  falling  upon  the  lungs, 
which  might  occafion  inftant  death.  To  obviate  this, 
a moveable  lid  is  placed,  which  when  the  fmalleft  par- 
ticle advances,  is  pulled  down  and  flint  clofe,  but  as 
foon  as  it  is  fwallowed,  is  let  loofe  and  ftands  open. 
Thus  the  important  pafs  is  always  made  fure  againft 
< M#  an y 
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any  noxious  approaches  ; yet  always  Uft  free  for  the 
-air,  and  open  for  refpiration.  * 

. The  food  defcending  into  the  domach,  is  not  yet 
iready  for  the  bowels*  * Therefore  that*great  receiver  is 
drong  to  bear,  and  proper  todetain  it,  till  it  is  wrought 
into  the  fmootheft  pulp  imaginable.  Fr©m  hence  it  W 
vdifcharged  by  a gentle  force,  /and  paffes  gradually  into 
the  intedines* 

- Near  the  entrance  waits  the  gallbladder,  ready  to 
pour  its  Talutary  juice  upon  the  aliment,  which  dif- 
iblves  any  thing  vifcid,  fcours.the  intedines,  and  keeps 
all  the  fine  apertures  clear.  This  bag,  as  the  ftomach 

- fills,  is  preft  thereby,  and  then  only  difcharges  its  con- 
tents. It  is  alfo  furniflied  /with  a waive  of  a very  pecu- 
liar nature,  namely,  of  a fpiral  form  ; through  which 
the  deterfive  liquid  cannot  haftily  pour,  but  muft  gently 
ooze.  Admirable  *conftrudion  1 which  without  any 
care  of  ours,  gives  the  needful  fupply,  and  no  more. 

- The  nutriment  then  purfues  its  way  through  the 
mazes  of  the  inteftines : /which  by  a worm-like  motion  . 

« protrude  it  and  force  its  fmall  particles  into  the  lafteal 
veflels.  Thefe  are  a feries  of  the  fineft  drainers,  ranged 
into  countlefs  multitudes  all  along  the  fides  of  the 
winding  paflage.  ( Had  this  been  drait  or  {hort,  the 
food  could  not  have  refigned  a fufficient  quantity  of 
its  nourifhing  particles.  Therefore  it  is  artfully  con- 
volved, and  greatly  extended,  that  whatever  pafles  may 
be  lifted  thoroughly.  As  the  aliment  proceeds,  it  is 
more  and  more  drained  of  its  nutritious  juices.  In 
confequence  of  this,  it  would  become  hard,  and  pain 
the  tender  parts,  but  that  glands  are  pofted  in  proper 
places,  to  difcharge  a lubricated  fluid.  Thefe  are 
fmaller  or  fewer,  near  the  domach,  becaufe  there  the 
.aliment  is  moid  enoughs  whereas  in  the  bowels,  re- 
mote from  the  domach,  they  are  either  miiltiplied  or 
enlarged.  - - . .. 

The  chyle  drawn  off  by  theladteals  is  carried  through 
'^millions  of  du<ds,  too  fine  even  for  the  microfcope  to 
difcover.  To  this  it  is  owing,  that  nothing  enters - the 
. blood,  but  what  is  capable  of  palling  through  the  fined 
^veffels.  It  is  then  lodged  in  feveral  commodious  cells 
.(the  glands  of  the  meientery)  and  .there with  a 
. thin  diluting  lymph,  which  makes  it  more  apt  to  flow* 

Hence 
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Hence  it  is  conveyed  to  the  common  receptacle,  and 
mounts  through  a perpendicular  tube  into  the  left  fub- 
clavian  vein.  This  tube  lies  contiguous  to  the  great 
artery,  whofe  ftrong  pulfation  drives  on  the  fluid,  and 
enables  it  to  afcend  and  unload  its  treafure,  at  the  very 
door  of  the  heart. 

But  the  chyle  is  as  yet  in  too  -crude  a ftate,  to  be  fit 
for  the  animal  functions.  Therefore  it  is  thrown  into 
the  lungs.  In.  the  fpungy  cells  of  this  amazing  labo- 
ratory, it  mixes  with  the  external  air,  and  its  whole 
fubftance  is  made  more  fmooth  and  uniform.  Thus 
improved  it  enters  the  left  ventricle  of  the  heart,  a 
-ftrong,  aftive,  indefatigable  mufcle.  The  large  muf- 
-cles  of  the  arm  or  of  the  thigh  are  foon  wearied : a 
day’s  labour,  or  a day’s  journey, exhaufts  their  ftrength. 
But  the  heart  toils  whole  weeks,  whole  months,  nay 
years,  unwearied:  is  equally  a ftranger  to  intermif- 
fion  and  fatigue.  Impelled  by  this,  part  of  the  blood 
fhoots  upward  to  die  head  ; part  rolls  through  the- 
whole  body. 

But  how  fhall  a ftream  divided  into  myriads  of  chan- 
nels, be  brought  back  to  its  fource  ? Should  any  por- 
tion of  it  be  unable  to  return,  putrefaction,  if  not 
death,  muft  enfue.  Therefore  the  all-wife  Creator  has 
•connected  the  extremities  of  the  arteries,  with  the  be- 
ginning of  the  veins  r fo  that  the  fame  force  which 
darts  the  blood  through  the  former,  helps  to  drive  it 
through  the  latter.  Thus  it  is  re-conduCted  to  the 
great  ciftem,  and  there  played  off  afrefh. 

Where  two  oppofite  currents  would  be  in  danger,  of 
clafhing,  where  the  ftreams  from  the  vena  cava  and 
vena  afcendens  coincide,  a fibrous  excrefcence  inter- 
pofes,  which  like  a projecting  pier,  breaks  the  ftreke 
of  each,  and  throws  both  into  their  proper  receptacle. 
Where  the  motion  is  to  be  fpeedy,  the  channels  either 
forbear  to  wind  (as  in  the  great  artery,  which  de- 
fcends  to  the  feet)  or  to  leflen  in  their  dimenfions,  as 
in  every  interval  between  all  the  ramifications.  When 
the  progrefs  is  to  be  retarded,  the  tubes  are  varioufly 
i -convolved,  or  their  diameter  contracted.  Thus  guard- 
I ed,  the  living  flood  never  difcontinues  its  courfe,  but 
| night  and  day,  whether  we  deep  or  wake,  ftill  perfe- 
* - ' . . ' ‘ - veres 
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veres  to  run  brifkly  through  the  arteries,  and  return  \ 
foftly  through  the  veins. 

But  farther.  The  great  Creator  has  made  us  an  in- 
valuable prefenl  of  the  ienfes,  to  be  the  inlets  of  in- 
numerable pleafures,  and  the  means  of  the  moft  va- 
luable advantages.  » 

. The  eye,  in  its  elevated  ftation,  commands  the  moft 
enlarged  profpe&s.  Confiding  only  of  fluids,  enclofed 
within  coats,  it  fhews  us  all  the  graces  and  glories  of 
nature.  How  wonderful,  that  an  image  of  the  hugeft 
mountains,  and  the  wideft  landfcapes  fhould  enter  into 
the  fmall  pupil ! that  the  rays  of  light  fhould  paint  on 
the  optic  nerve,  paint  in  an  inftant  of  time,  paint  in 
their  true  ft  colours  andexadbeft  lineaments,  every  fpecies 
of  external  objefts ! ; 

The  eye  is  fo  tender,  that  the  flighteft  touch  might 
injure  its  delicate  frame.  It  is  guarded  therefore  with 
peculiar  care,  intrenched  deep,  and  barricaded  round 
with  bones.  As  the  fmalleft  fly  might  incommode  its 
poblhed  furface,  it  is  farther  prote&ed  by  two  fubftan- 
tial  curtains.  In  fleep,  when  there  is  no  occafion  for 
the  -fenfe,  but  a neceffity  to  guard  the  organ,  thefe 
curtains  clofe  of  their  own  accord.  At  any  time  they 
fly  together,  as  quick  as  thought.  They  are  lined  with 
an  extremely  fine  fponge,  moift  with  its  own  dew.  It* 
brifly  palifades  keep  out  the  leaft  mote,,  and  moderate - 
the  too  ftrong  impreffions  of  the  light.  L • U . ' 

As  in  aur  waking  hours  we  have  almoft  inceffant 
need  for  thefe  little  orbs,  they  run  upon  the  fineft  raf- 
ters, rolling  every*  way  with  the  utmoft  eafe ; which 
circumftance,  added  to  the  flexibility  of  the  neck,  ren- 
ders our  two  eyes  as  nfeful  as  a thousand. 

The  ear.  eonflfts  of  an  outward  porch  and  inner 
rooms.  The,  porch  fomewhat  prominent  from  the 
head,  is  of  a cartilaginous  fubftance,  covered  with 
tight  membranes  and  wrought  into  finuous  cavities. 
Thefe,  like  circling  hills,  cofiedl  the  wandering  undu- 
lations of  the  air,  and  tranfmit  them  with  a vigorous 
impulfe,  to  the  finely  ft  retched  membrane  of  the  drum. 
This  is  expanded  upon  a circle  of  bones,  over  a po- 
liced* reverberatingcavity.  It  is  furnifhed  wnth  braces 
that  ftrain  or  relax,  as  the  found  is  faint,  or  ftrong. 
The  hammer  and  the  anvil,  the  winding  labyrinth,  and 
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*the  founding  galleries,  thefe  and  other  pieces  of  me- 
chanifm,  all  inftrumental  to  hearing,  are  inexpreffibly 
'Curious.  # 

Amazingly  exaft  mull  be  the  tenfion  of  the  audi- 
•tory  nerves,  fince  they  anfwer  the  fmalleft  tremors  of 
the  atmofphere,  and  diftinguifh  their  moft  fubtle  va- 
riations. Thefe  living  chords,  turned  by  an  Almighty 
Jiand,  and  fpread  through  the  echoing  ifles,  receive 
all  the  impreffions  of  found,  and  propagate  them  to 
the  brain.  Thefe  give  exiftence  to  the  charms  of 
mufic,  and  the  ftill  nobler  charms  of  difcourfe. 

The  eye  is  ufelefs  amidft  the  gloom  of  night.  But 
the  ear  hears  through  the  darkeft  medium.  The  eye 
is  on  duty  only  in  our  waking  hours  : but  the  ear  is 
always  acceffible. 

■ As  there  are  concuflions  of  the  air,  which  are  dif- 
cemable  only  by  the  inftruments  of  hearing,  fo  there 
are  odoriferous  particles  wafted  in  the  air,  which  are 
perceivable  only  by  the  fmell.  The  noflrils  are  wide 
^t  the  bottom,  that  more  effluvia  may  enter,  narrow  at 
the  top,  that  when  entered,  they  may  aft  more  ftrongly. 
The  fleams  that  exhale  from  flagrant  bodies,  are  fine 
beyond  imagination.  Microfcopes  that  (hew  thoufands 
of  animals  in  a drop  of  water,  cannot  bring  one  pf 
Jthefe  to  our  fight.  Yet  fo  judicioufly  are  the  olfac- 
tory nets  fet,  that  they  catch  the  vaniftiing-  fugitives. 
They  imbibe  all  the  roaming  perfumes  of -Spring,  and 
make  us  banquet  even  on  the  invifible  dainties  of 
mature.  * > 

Another  capacity  for  pleafure  our  bountiful  Creator 
-has  bellowed,  by  granting  us  the  powers  of  tafte. 
This  is  circumftanced  in  a manner  fo  benign  and  wife# 
-as  to  be  a Handing  plea  for  temperance,  which  lets  the 
finefl  edge  on  the  tafte,  and  adds  the  moft  poignant 
relifh  to  its  enjoyments.  ■ > 

And  thefe  fenfes  are  not  only  fo  many  fources  of 
delight,  but  a joint  fecurity  to  our  health.  They  arte 
the  infpeftors  that  examine  our  food,  and  inquire  into 
the  properties  of  it..  Tor  the  difcharge  of  this  office 
they  are  excellently  qualified,  and  moft  commodioufly 
fituated.  So  that  nothing  can  gain  admiffion,  till  it  has 
paft  their  fcrutiny.  • • . f \ : * - * 
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, To  all  thefe,  as  a mod  neceffary  fupplement,  is 
added  the  fenfe  of  feeling.  And  how  happily ; is  it 
tempered  between  the  two  extremes  ; neither  too  acute, 
nor  too  obtufe ! Indeed  all  the  fenfes  are  exaCtly  adapted, 
to  the  exigencies  of  our  prefent  date.  Were  they 
drained  much  higher,  they  would  be  avenues  of  an- 
guifh ; were  they  much  more  relaxed,  they  would  be 
well  nigh  ufelefs. 

The  crowning  gift,  which  augments  the  benefits  ac- 
cruing from  all  the  fenfes,  is  fpeech.  Speech  makes 
me  a gainer  by  the  eyes  and  ears  of  others  ; by  their 
ideas  and  obfervations.  And  what  an  admirable  in- 
drument  for  articulating  the  voice,  and  modifying  it 
into  fpeech,  4s  the  tongue?  This  little  collection  of 
mufcular  fibres  under  the  direction  of  the  Creator,  is 
the  artificer  of  our  words.  By  this  we  communicate 
the  fecrets  of  our  breads,  and  make  our  very  thought^ 
audible.  This  likewife  is  the  efficient  caufe  of  mufic ; 
it  is  foft  as  the  lute,  or  fhrill  as  the  trumpet.  . As  the 
tongue  requires  an  eafy  play,  it  is  lodged  in  an  ample; 
cavity.  It  moves  under-  a concave  roof,  which  gives 
additional  vigour  to  the  voice,  as  the  fhell  of  a violin, 
to  the  found  of  the  drings. 

Wonderfully  wife  is  the  regulation  of  voluntary  and  • 
involuntary  motions.  The  will  in  fome  cafes  has  no 
power  : in  others  die  is  an  abfolute  fbvereign.  If  die  • 
commands,  the  arm  is  dretched,  the  hand  is  cloftd. 
How  eafily,  how  punctually  are  her  orde.rs  obeyed  !— 
.To  turn  the  fcrew,  or  work  the  lever,  is  laborious  and- 
wearifome.  But  we  work  the  vertebrae  of  the  neck, 
with  all  their  appendant  chambers ; we  advance  the 
leg,  with  the  whole  incumbent  body:  we  rife,  we 
fpring  from  the  ground,  and  though  fo  great  a weight 
is  raifed,  we  meet  with  no  difficulty  or  fatigue. 

That  all  this  fhould  be  effected  without  any  toil,  by 
a bare  aCt  of  the  will,  is  very  furprifing.  But  that  it 
fhould  be  done,  even  while  we  are  entirely  ignorant  of 
the  manner  in  which  it  is  performed,  is  mod  aiionifh- 
ing ! Who  can  play  a Angle  tune  upon  the  fpinnet, 
without  learning  the  difference  of  the  keys  ? Yet  the 
mind  touches  every  fpring  of  the  human  machine,  with 
the  mod  maderly  fkill,  though  die  knows  nothing  at 
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Jthe  founding  galleries,  thefe  and  other  pieces  of  me* 
chanifm,  all  inftrumental  to  hearing,  are  inexpreffibly 
'Curious.  * * 

Amazingly  exa<d  mud  be  the  tenfion  of  the  audi- 
•tory  nerves,  fince  they  anfwer  the  fmalled  tremors  of 
the  atmofpliere,  and  didinguifh  their  mod  fubtle  va- 
riations. Thefe  living  chords,  turned  by  an  Almighty  t 
hand,  and  fpread  through  the  echoing  ifles,  receive 
all  the  impreflions  of  found,  and  propagate  them  to 
the  brain.  Thefe  give  exidence  to  the  charms  of 
mufic,  and  the  ftill  nobler  charms  of  difcourfe. 
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The  eye  is  ufelefs  amidft  the  gloom  of  night.  But 
the  ear  hears  through  the  darkeft  medium.  The  eye 
is  on  duty  only  in  our  waking  hours  : but  the  ear  is 
always  acceffible. 

As  there  are  concuffions  of  the  air,  which  are  dif* 
cernable  only  by  the  inftruments  of  hearing,  fo  there 
are  odoriferous  particles  wafted  in  the  air,  which  are 
perceivable  only  by  the  fmell.  The  nodrils  are  wide 
at  the  bottom,  that  more  effluvia  may  enter,  narrow  at 
the  top,  that  when  entered,  they  may  a#  more  drongly. 
The  fteams  that  exhale  from  flagrant  bodies,  are  fine 
beyond  imagination.  Microfcopes  that  (hew  thoufands 
of  animals  in  a drop  of  water,  cannot  bring  one  pf 
thefe  to  our  fight.  Yet  fo  judicioufly  are  the  olfac- 
tory nets  fet,  that  they  catch  the  vanifhing  fugitives. 
They  imbibe  all  the  roaming  perfumes  of  Spring,  and 
xnake  us  banquet  even  on  .the  invifible  dainties  of 
.•nature.  - * ? • - • * r 

Another  capacity  for  pleafure  our  bountiful  Creator 
•has  bellowed,  by  granting  us  the  powers  of  tafte. 
This  is  circumftanced  in  a manner  fo  benign  and  wife, 
-as  to  be  a ftanding  plea  for  temperance,  which  fets  the 
fined  edge  on  the  tade,  and  adds  the  mod  poignant 
:reli(h  to  its  enjoyments. 

And  thefe  fenfes  are  not  only  fo  many  fources  of 
delight,  but  a joint  fecurity  to  our  health.  They  arfe 
the  infpe&ors  that  examine  our  food,  and  inquire  into 
.the  properties  of  it..  For  the  difcharge  of  this  office 
•they  are  excellently  qualified,  and  mod  commodioufly 
iituated.  So  that  nothing  can  gain  admiffion,  till  it  has 
pad  their  fcrutiny.  * ? . T-  ■■  * 
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To  all  thefe,  as  a mod  neceflary  fupplement,  is 
added  the  fenfe  of  feeling.  And  how  happily  is  it 
tempered  between  the  two  extremes  ; neither  too  acute, 
nor  too  obtufe ! Indeed  all  the  fenfes  are  exactly  adapted 
to  the  exigencies  of  our  prefent  date.  Were  they 
drained  much  higher,  they  would  be  avenues  of  an- 
guilh ; were  they  much  more  relaxed,  they  would  be 
well  nigh  ufelefs. 

The  crowning  gift,  which  augments  the  benefits  ac- 
cruing from  all  the  fenfes,  is  fpeech.  Speech  makes 
me  a gainer  by  the  eyes  and  ears  of  others  ; by  their 
ideas  and  obfervations.  And  what  an  admirable  in- 
drument  for  articulating  the  voice,  and  modifying  it 
into  fpeech,  is  the  tongue?  This  little  collection  of 
mufcular  fibres  under  the  direction  of  the  Creator,  is 
the  artificer  of  our  words.  By  this  we  communicate 
thefecrets  of  our  breads,  and  make  our  very  thoughts 
audible.  This  likewife  is  the  efficient  caufe  of  mufic  ; 
it  is  foft  as  the  lute,  or  ffirill  as  the  trumpet.  As  the 
tongue  requires  an  eafy  play,  it  is  lodged  in  an  ample 
cavity.  It  moves  under  a concave  roof,  which  gives 
additional  vigour  to  the  voice,  as  the  ffiell  of  a violin, 
to  the  found  of  the  drings.  . 

Wonderfully  wife  is  the  regulation  of  voluntary  and 
involuntary  motions.  The  will  in  feme  cafes  has  no 
power  : in  others  die  is  an  abfolute  foverergn.  If  fhe 
commands,  the  arm  is  dretched,  the  hand  is  clofed. 

How  eafily,  how  punctually  are  her  orders  obeyed  ! 

To  turn  the  fcrew,  or  work  the  lever,  is  laborious  and- 
wearifome.  But  we  work  the  vertebra  of  the  neck, 
with  all  their  appendant  chambers ; we  advance  the 
leg,  with  the  whole  incumbent  body : we  rife,,  we 
fpring  from  the  ground,  and  though  fo  great  a weight 
is  raifed,  we  meet  with  no  difficulty  or  fatigue. 

That  all  this  fhould  be  effected  without  any  toil,  by 
a bare  aCt  of  the  will,  is  very  furprifing.  But  that  it 
fhould  be  done,  even  while  we  are  entirely  ignorant  of 
the  manner  in  which  it  is  performed,  is  mod  aflonifii- 
mg ! Who  can  play  a fingle  tune  upon  the  ipinnet, 
without  learning  the  difference  of  the  keys  ? Yet  the 
mind  touches  every  fpring  of  the  human  machine,  with 
the  mod  maderly  fkill,  though  fhe  knows  nothing-  at 
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..all  of  the  nature  of  her  inftrument,  or  the  procefs  of 
,her  operations. 

The  eye  of  a ruftic,  who  has  no  notion  of  optics, 

. or  any  of  its  laws,  fhall  lengthen  and  fhortefn'its  axis, 
dilate  and  contract,  its  pupil,  without  the  leaft  hefita- 
tion,  and  with  the  utmoft  propriety  : exactly  adapting 
itfelf  to  the  particular  di dance  of  objects,  and  the  dif- 
ferent degrees,  of, light.  By  this  means  it  performs 
feme  of  the  moft  curious  experiments  in  the  Newtonian 
philofophy,  without  the  leaft  knowledge  of  the  fei- 
ence,  or  confcioufnefe  of  its  own  dexterity ! 

Which  (hall  we  admire  moft,  the  multitude  of  or- 
gans; their  finifted  form  and. faultlefs  order ; or  the 
power  which  the  foul  exercifes  over  them  ? Ten  thou- 
fand  reins  are  put  into  her  hands : and  ftve  manages  all, 
conducts  all,  without  the  leaft  perplexity  or  irregula- 
rity. Rather  with  a promptitude,  a confiftency  and 
fpeed,'  that  nothing  elfe  can  equal ! 

So  fearfully  and  wonderfully  are  .we  made ! Made 
of  fuch  complicated  parts,  each  fb  nicely  fafhioned, 
and  all  fb  exactly  arranged  ; every  one  executing  fuch 
curious  fun&ions,  and  many  of  them  operating  in  fo 
myfterious  a manner!  And  .fince  health  depends  on 
fuch  a numerous  aflemblage  of  moving  organs ; fince 
.a  Angle  fecretion  (topped  may  fpoil  the  temperature  of 
the  fluid,  a Angle  wheel  clogged  may  put  an  end  to 
‘the  folids ; with  what  holy  fear,  fliould  we  pafs  the  time 
of  our  fojouming  here  below  ! Trailing  for  continual, 
.prefervation,  not  merely  to  our  own  care,  but  to  the 
Almighty  hand,  which  formed  the  admirable  ma- 
chine, directs  its  agency,  and  fupports  its  being  t 
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CHAP.  ir.  : 

, * 

Of  the  Natural  State  of  the  Human  Body.. 

/ / 4 \ . 

1 . What  the  Natural  State  of  the  Body  means \ 

2.  Of  the  Circulation  of  the  Blood '. 

3.  0/*  Refpiration . 

4 . Of  Chylification. 

5.  Of  Nutrition • 

6.  Of  the  Senfes • 

7.  0/  %/;/. 

8.  Of  Hearing • 

9.  Of  Smelling . 

10.  Of  Tafling.  : 

11.  Of  Feeling . 

3 2.  Of  Hunger  and  Third*  x 

13.  0/3/^/. 

14.  Local  Motion. 

15.  Of  voluntary  and  involuntary  Motions* 

, 16.  Of  Staturesof  Man • 

17*  Of  the  Age  of  Man • 

1.  r-pHAT  is  the  natural  ftate  of  the  human  bo- 
JL  dy,  wherein  all  parts  of  it  duly  perform  their 
natural  operations.  The  chief  of  thefe  are,  the  cir- 
culation of  the  blood,  refpiration,  chylification,  nu- 
trition, and  motion. 

2.  That  the  blood  circulates  through  the  whole  body 
appears  hence.  Any  of  the  arteries  being  tied  with  a 
thread,  will  fwell  and  beat  between  the  bandage  and 
the  heart,  but  grow  flaccid  between  the  bandage  and 
the  extremities  of  the  hady.  - And  if  the  artery  be  cut 
between  the  bandage  and  the  heart,  blood  ft  reams  out, 
even. -to  death:  but  if  it  be  cut  between  the  bandage 
and  extremities,  very  little  blood  comes  out.  The 
vital  blood  therefore  flows  from  the  heart,  through  the 
arteries,  toward  the  extremities  of  the  body,  and  ftiU 
out  of  a wider  part  into  a narrower,  out  of  the  trunk 
nto  the  branches.  ' 
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Any  of  the  larger  veins  being  tied  with  a thread, 
fwells  between  the  extremities  and  the  bandage,  but 
grows  flaccid  between  the  bandage  and  the  heart.  Jf 
.opened,  in  the  former  part,  it  bleeds  largely  : if  in  the 
latter,  fcarce  at  all.  The  blood  therefore  flows  from 
all  the  extremes,  through  the  veins  into  the.  heart,  and 
ftill  from  the  narrower  parts  of  the  vein  to  the  larger, 
from  the  branches  to  the  trunk. 

Upon  the  whole  it  is  evident,  that  all  the  arteries  are 
continually  bringing  the  blood  from  the  left  ventricle 
of  the  heart,  through  the  trunks  of  the  arteries  into 
their  branches,  and  from  thence  to  #11  parts  of  the 
body:  and  on  the  contrary,  that-  all  the  veins,  (ex- 
cept the  vena  port^s)  are, continually  bringing  it  back 
from  all  parts  of  the  body,  through  the  fmall  branches 
into  the  larger,  and  thence  through  the  trunks  and 
vena  cava  in£o  the  right  ventricle  of  theheart.  So 
that  the  whole  blood  pafles  through  the  heart  once  in 
five  or  fix  minutes. 

It  is  certain,  that  all  the  arteries  and  veins*  commu- 
nicate or  open  one  into  the  other  ; becaufe,  often  .from 
one,  and  that  a fmall  artery,  all  the  blood  fliaU  run 
even  unto  death,  not  only  out  of  the  wounded  limb, 
but  from  the  whole  body.  'Of  fuch  fatal. examples  we 
have  a number ; from  an  inward  artery  of  the  nofe, 
from  the  gums,  a finger,  a tooth,  a cutaneous  pore 
enlarged,  from  the  lachrymal  point,  from  the  wound 
of  cupping,on  the  fkin,  and  even  the  bite  of  a leach. 
There'are,  therefore,  of  courfe,  open  ways  by  which 
the  blood  fpeedily  flows  from  the  venal,  into  the  arte- 
rial fyftem,  and  the  reverfe. 

Late  writers  have  purfued  the  globules  of  blood  to 
a great  length,  and  found  feveral  orders  of  them. 
The  large  ones  vifibie  to  the  naked  eye,  are  globules 
of  the  firft  order;  Each  of  thefe  is  compofed  of  fix 
fmaller,  joined  together  in  a very  regular  way.  But 
fom&times  a red  globule  is  feen  loofening,  and  break- 
ing into  thefe  compounding  fpherules.  And  fometimes 
one  may  perceive  thefe  running  together,  and  begin- 
ning the  compofition  of  a new;,  red  globule.  Thefe 
fmaller  fpherules  they  call  globules  of  the  fecond  or- 
der. But  we  are  not  to  flop  here.  There  are  in  the 
blood  a great  many  particles  fix  times  lefs  than,  thefe. 
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Globules  of  the  fecond  order  are  compounded  of  thefe 
fmaller  one*,  which  therefore  are  globules  of  the  third 
order. 

Farther.  There  ate  innumerable  blood  veifels  of 
firch  fmallnefs,  that  none  of  the  above-mentioned  glo- 
bules can  pafs  them  ffo  that  we  carinof  bift  fuppofe 
ftill  fmaller  globules.’  The"  diameter  of  feme  veffelsr  ' 
is  lefs  than  the  eighth  part  of  the  diameter  of  a red 
globule  fo  that  the  particles'  paffiftg  through  them', 
rnuit  be  above  five  hundred  timer  lefs  than  thofe  glo- 
bules. Nay,  cn  a careful  examination,  we  p£rcerv& 
veffels  narrower,  than  the  tenth  part  of  the  diameter 
of  a red  globule : which  confequently  can  tranfmit 
fpherules  no  greater,  than  the  thoufandth  part  of  a red 
globule* 

On ‘the  whole  then*  each ‘globule 'of  the  firft  order  1$ 
made  up  of  fix  of  the  fecond  : thefe  of  ffx  of  the  third, 
thefe  of  fix  of  the  fourth  ; thefe  of  fix  of  the  fifth,  and 
ft>  on.  And  accordingly  we  $nd,  the  globules  of  the 
higheft  orders,’  may  be  broken  down  info  their  com-^ 
pounding  particles. 

The  diameter  of  a common  red  globule  is  about  the 
1938th  part  of  an  inch.  The  diameter  of  a globule  of 
the  tenth  order,-  is  lefs  than  the  400,000th  part  of  aU  ' , 
inch. 

Anatomifts  and  phyficians  have  generally  determined  f ^ 
the  quantity  of  blood  in  the  human  body,  to  be "be-  \ 2*i  ? £* 
tween  fifteen  and"  twenty-five  pounds.  But  Dr.  Keil  1 
Ihews  from  many  inftances  of  profufe  haemorrhages,  | 
that  a far  greater  quantity  mull  be  allowed.  Other-  J 
wife  the  patient  could  never  have  furnifhed,  or  at  lead,  | 
furvived  liich  evacuations  ; the  Teaft  of  which  exceeded  J 
the  whole  quantity  of  blood,  fuppofed  to  be  in  the  £ 
body.  ' - : v f ’ * 

In  reality,  the  quantity  of  blood  in  a human  body; 
is  difficult  to  be  determined.  Bleeding  to  death,  th& 
ufual  method,  can  never  fhew  what  isr  its  true  quan- 
tity : becaufe  no  animal  can  bleed  longer,  than  while 
the  great  artery  is  full  f which  will  require  a longer  or 
a fhorter  time,  as  the  wounded  artery  is  fmaller  of 
greater.  And  the  great  artery,  muft  always  be  the 
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The  only  certain  way  of  calculating  Is,  to  find  what 
proportion  the  cavities  of  the  veflels,  of  which  the 
whole  body  is  compofed,  bear  to  the  thicknefs  of  the 
coats.  This  in  the  veins  and  arteries  may  be  exaftly 
found.  But  in  the  other  veflels  we  only  know  the 
quantity  of  fluid  they  contain,  by  carefully  evaporat- 
ing. as  much  as  poflible.  Thus  the  Dodtor  found  the 
fluids  to  be  in  the  arteries  as  17  to,  1 ; in  the  veins  as 
156  to  1 : in  the  bones  as  1 to  1.  The  leaft  of  thele 
proportions  lhews  the  liquors  to  be  one  half  of  the 
weight  of  the  body.  And  if  a calculation  be  made, 
on  the  proportion  of  the  blood  in  the  arteries,  alfo  to 
their  coats  in  a body  weighing  160  pounds,  there  will 
be  found  100  pounds  of  blood  or  circulating  fluid. 

" In  a foetus  the  circulation  is  performed  in  a peculiar 
manner.  The  feptum,  which  feparates  the  two  ven- 
tricles of  the  heart  is  pierced  through  with  an  aperture, 
called  the  foramen  ovale,  and  the  pulmonary  artery, 
a little  after  it  has  left  the  heart,  fends  out  a tube  into 
the  defcending  aorta,  called  the  communicating  qanal. 
When  the  foetus  is  born,  the  foramen  ovale  doles,  and 
that  canal  dries  up  into  a Ample  ligament* 

* The  foetus  while  in  the  womb  receives  little  air.  Its 
lungs  therefore  cannot  fwell  and  fubfide.  They  con- 
tinue almcft  at  reft : nor  can  they  allow  the  blood  to 
circulate,  either  in  abundance,  or  with  eafe.  Nature 
therefore  has  excufed  them  from  the  paflage  of  the 
greateft  part  of  the  blood,  and  has  contrived  the  fo- 
remen ovale,  by  which,  part  of  the  blood  of  the  vena 
cava  pafles  through  the  right  ventricle  into  the  left. 
And  by  this  means  it  is  found  as  far  on  its  journey,  as 
if  it  had  pafled  the  lungs.  But  this  is  not  all.  For 
that  blood  of  the  cava,  which  mifling  the  foramen 
ovale,  pafles  from  the  right  auricle  into  the  right  ven- 
tricle, being  ftill  too  much  to  pafs  by  the  lungs,  the 
communicant  canal  intercepts  part  of  it,  and  pours  it 
immediately  into  the  defcending  aorta. 

S3.  Refpiration  is  performed  by  receiving  the  air  into 
the  lungs,  and  breathing  it  out  alternately.  In  the 
former,  the  cavity  of  the  bread  is  enlarged,  by  the 
finking  of  the  diaphragm,  and  the  eredtion  of  the  ribs, 
| through  the  force  of  the  mufcles  placed  between  them. 
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Ih  the  latter,  it  is  ooiftraCted ; the  diaphragm  rifing  | 
and  the  ribs  falling' again.  Whenever  the  cavity  cf| 
the  bread  is  enlarged,  * the  air  by  its  weight  naturally  f 
preffes  into  it,  and  mixing  with  the  blood  vin  the  vefi- 
cles  of  the  lungs,  makes  it  more  fluid,  globular  and 
fit  for  motion.'  Air  isdikewife  abfolutely  neceflary  in 
the  body,  to  counteract  the  preffure  of  the  outward 
air.'  - 

But  if  the  blood  in  the  lungs  of  a foetus  has  not  the 
advantage  of  refpiration,  it  receives  a portion  of  air* 
tranfmitted  with  its  mother’s  blood  b^f  the  umbilical 
velfels,-  to  be  diffufed  through  the  body.  This  is  quite 
neceflary,  as  appears  hence":  tie  the  navel  ftrilig  very 
tight,  and  the  child  dies,  dike  a man  ftrangled.  * 

One  ufe  of  refpiration  is,  to  pufh  the  blood  from  the 
righrto  thn  left  ventricle  of  the  heart : hence  it  is,  that 
perfons  ftrangled,  fo  fuddenly  die,  becaufe  with  refpi- 
ration, the  circulation  of  the  blood  ceafes.  And  this* 
is  the  true  caufe  of  the  dia dole  of  the  heart : the 
weight  of  the  incumbent  atmofphere*  being  the  true 
antagonid  to  all  the  mufcles  that  fervc  both  for  infpi- 
ration  and  the  contraction  of  the  heart.  As  in  the 
elevation5  of  - the  ribs,  a paffege  is  opened  for  theblood  1 
into  the  lungs,  fo  in  the  depreflibn  thereof,  by  the  fub- 
fiding  of  the  lungs  and  comprefiion  of  the  blood-vef-~ 
fels^  thereby,  the  blood  is  driven  through  the  pulmo- 
nary vein,  into  the  left  ventricle  of  the  heart.  And 
this,  together"  With  the  general  comprefiion  of  the 
body,  by  the  weight  of  the  atmofphere,  is  that  power  * 
which  caufes  the  blood  to  mount  inthe  veins,  when  the 
force,*  impreft  on  it  by  the  heart,  is  nearly  fpent,  and 
which  forces  the  heart  ftfelf  from  its  natural  date  of* 
contraction,  to  that  of  dilatation. 

When  in  an  ordinary  expiration,  the  preffure  on  the 
larynx  is  two  ounces,  the  preffure  on  the  whole  internal 
fubdance"  of  the  lungs,  is  14412- pounds.  So  vad  is 
the  extent  of  the  furface  of  the  vefieles,  om  which  it 
was  neceffary  the  blood  fhould  be  fpread  in  the  fined 
capillary  veffels,  that  each  globule  of  blood  might,  as 
it  were,  immediately  receive  the  whole  force  of  the 
air,  and  thereby  be  broken  into  fnmller  parts,  fit  for 
fecretion  and  circulation. - 
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And  hence  we  fee  thereafon  for  the  ftrudlure  of  the 
lungs.  For  fince  all  the  blood  is  to  pafs  through  them, 
in  order  to  receive  the  effedl  of  the  air,  and  that  this 
could  not  be  done,  unlefs  it  were  diffufed  in  very  fmall 
veffels  : it  was  neceffary  the  furface  on  which  they  were 
to  be  fpread,  Ihould  be  proportioned  to  their  number. 
And  this  is  admirably  well  provided  for,  by  the  fabric 
of  the  lungs.  - 

r If  the  diameter  of  the  trachea  at  the  time  of  every 
expiration  were  the  fame  in  all,  and  the  weight  of  the 
air  always  equal,  the  preffure  on  the  lungs  would  be 
always  the  fame.  But  as  the  difference  between  its  leaft 
and  greateft  gravity,  is  no  lefs  than  a tenth  part  of  the 
whole,  that  preffure  is  likewife  greater  by  a tenth  part 
at  fome  times  than  it  is  at  others. 

This  is  a difference  which  the  afthmatic  muft  fenfibly 
feel ; efpecially  as  they  breathe  thicker,  that  is,  every 
expiration  is  performed  in  lefs  time.  In  truth,  thefe 
feel  a difference  in  the  air,  upon  the  greateft  rife  and 
fall  of  the  barometer,  equal  to  above  one  third  of  its 
preffure  in  ordinary  breathing. 

The  alternate  dilatation  and  contradlion  of  the  thorax 
are  fo  neceffary  to  animal  life,  that  there  is  no  animal 
without  this,  or  fomething  analogous  to  it.  Fifties 
and  infers  have  no  dilatable  thorax.  But  fifties  have 
gills,  which  receive  and  expel  the  water  alternately, 
whereby  the  blood-veffels  fuffer  the  fame  alterations  of 
dimenfions  as  thofe  in  our  lungs  do.  And  infedts  have 
air- veffels  diftributed  through  the  whole  trunk  of-  their 
bodies.  By  thefe  they  communicate  with  the  external 
air  through  feveral  vent-holes,  to  which  are  fattened  fo 
many  wind-pipes,,  which  fend  branches  to  all  parts,  and 
feem  to  accompany  the  blood-veffels  all  over  the  body^ 
as  they  do  in  our  lungs  only.  And  hereby  in  every 
infpiration  the  whole  body  is  dilated,^  and  in  every  ex- 
piration compreffed. 

But  may  it  not  be  doubted,  whether  the  primary 
end  of  refpiration  be  not  to  fupply  the  whole  animal 
machine  with  the  ethereal  fire,  a particle  of  which  is 
eonnedted  with  every  particle  of  air  ? Is  not  this  de- 
tached from  it  by  the  adtion  of  the  lungs,  and  thence 
communicated  to  every  part  of  t He  body  ? And  is  not 
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this  the  true  vital  flame,,  the  original  lource  of  life  arid 
motion  ? 

* * ’ < % ~ •*  . ' 

4.  Chylification  is  preceded  by"  digeftion,  which  is 
much  illuftrated  by  Mr.  Papin?s  digefter.  This  is  a vef- 
fel  wherein  meat  is  put,  with  juft  as  much  water  as  will 
•fill  it.  Then  the  lid  is  fcrewed  om  foclofe,*as  to  ad- 
mit of  no.  external  air.  The  meat  herein  is  by  the  flame 
of  a fmall  lamp,  in  fix  or  eight  minutes  brought  to  a 
perfect  pulp*  In  a few  minutes  more  the  hardeft  bones 
are  reduced  to  a jelly.  No  air  entering,  the  fuccu£ 
fions  caufed  by  the  air,  enclofed  in  the  flefli,  fefolve  the 
whole  into  one  homogeneous  body.  It  is  juft  fo  in  di- 
geftiotl.  In  proportion  to  its  heat,  the  ftomach  does 
the  very  fame  thing  as  the  digefter. 

. Add  to  this,  that  the  mufcular  coat  of  the  ftomach' 
continually  contracting,  and  prefiing  its  contents  by  its 
peri ftaltic  motion,  occafionsa  more  intimate  mixtures- 
an,d  works<  the  more  fluid  partsy  through  the  pylorus 

• into  the  duodenum.  Along  the  frdes  of  this  aikTthe 
other  fmall  inteftines  the  la&eals  are  planted  : into  the 
minute  orifices  thereof,  the  chyle  or  finer  pfert  of  the 
mafs  is  receivedi  The  laCleal  veins  of  the  iirft;  kind 
aifcharge  themfelves  into  the  glands  of  the  bafis  of 
the  mefentery.  The  chyle  is  afterwards  received  by 
the  lafteals  of  the  fecond  kind,  and  conveyed  into* 
glands  between  the  two  tendoils^  of*  the  diaphragm.^ 
And  hence  it  is  carried  to  the  heart,  where  it  mixes 
with  the  blood.  • 

^ * r \ * . •< 

5.  By  the  perpetual  motion  of  the  fluids  (efpecially' 
in  the  minute  velfels)  as  well  as  the  conftant  aftion  o£ 
•the  muicles,  fmall  particles  are  continually  worn  ofly^ 
from  the  folids  of  the  body.  The  fluids  like  wife  are' 
continually  dimimfhingi^  >^Lnd  hence-  every  animal  ' 
body,  by  the  very  conditi«%of  its  frame,  is  liable  to 
deftruClion.  ‘ To  prevent  this,  a reftitutiom  mull  be* 
made  to  the  juices  and  folids -of  the  body,  equal  and 
fimilar  to  what  is  loft;  And  this  we  call  nutrition. 

It  feems  to  be  performed  thus.  The  blood  forcibly 
thrown  by  the  heart  into  the  arteries;* Endeavours  to*  go 
out  every  way  through  the  pores.  But  thefe  are 
ufually  too  fmall  to  give  its  particles  a free  paflhge.’ 

* " - E 5 ; : They 
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They  can  only  pafs  where  any  of  the  pores  are  open# 
Here  one  will  naturally  follow  another  in  a line,  and 
conftitute  a fibre  or  part  of  a fibre.  When  as  much 
is  thus  added  to  one  end  of  the  fibre,  as  rs  wafted  at 
the  other,  the  body  is  nourifhed : when  more  is  added 
than  is  wafted,  we  are  faid  to  grow. 

We  fee  then  how  abfolutely  neceffary  food  is,  to  re- 
pair the  conftant  decay  of  the  body  : fo  that  few  men 
or  women  can  live  without  it,  above  five  ,or  fix  days* 
And  yet  the  abftaining  from  it,  for  a feafon,  has  its 
ttfe.  Indeed  great  is  the  efficacy  of  abftinence,  both 
in  prolonging  life  beyond  its  ufii$;l  period,  and  in  the 
cure  of  many  ftubborn  diforders. 

Lewis  Cornaro,  a nobleman  of  Venice,  after  all 
other  means  had  failed,  fo  that  his  life  was  defpaired 
of  at  forty,  recovered  and  lived  to  near  a hundred, 
by  mere  dint  of  abftinence. 

It  is  furprifing  to  obferve,  to  what  an  age  thofe  an- 
cient chriftians  lived,  who  retired  from  the  fury  of  per- 
fection, into  the  deferts  of  Arabia  and  Egypt.  They 
drank  only  Water,  and  took  no  other  food  than  12 
ounces  of  bread  in  24  hours.  On  this  St.  Anthony 
lived  105  years,  Epiphanius  115,  Simon  Stylites  112, 
and  Romuald  120. 

Among  animals  we  fee  furprifing  inftances  of  long 
abftinence. . Several  fpecies  pafs  four,  five,  or  fix 
months  every  year  without  eating  or  drinking.  So 
tortoifes  and  dormice  regularly  retire  at  the  feafon  to 
their  refpe&ive  cells.  Some  kinds  get  into  ruins,  or 
the  hollows  of  rocks;  others,  into  clefts  of  trees. 
Some  fleep  in  holes  under  the  earth : others  bury  them- 
felves  under  water. 

The  ferpent-kind  bear  abftinence  to  a miracle.  Rattle- 
snakes will  fubfift  many  months  without  food.  . Dr. 
Shaw  faw  two  Egyptian  ferpents,  which  had  been  kept 
in  a bottle  five  years,  (on  a fmall  quantity  of /and 
wherein  they  coiled  themfelves  up)  without  any  fort  of 
food.  Yet  when  he  faw  them  they  had  juft  call  their 
(kins,  and  were  as  lively  as  if  juft  taken. 


There  have  :been  inftances  even  of  men  paffing,  fe- 
deral months;  with  fcarce  any  fuftenance.  So  Samuel 
Chilton,  of  Tipfcufy*  near  JJatb,  in  the  year  1693, 
. ‘ 1694, 
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l(E>94i  and  1695,  flept  fometimes  four  months,  .and 
fometimes  above  fix  together,  with  very  little  food: 
and  fix  weeks  without  any,  but  a little  tent'  conveyed 
with  a quill  through  his  teeth. 

And  fince  this,  John  Fergufon,  of  Killmelford,  in 
Argyleftiire,  about  eighteen  years  ago,  over-heated  him-* 
felf,  drank  largely  of  cold  water,  and  fell  afleep.  He 
flept  for  four  and  twenty  hours,  and  waked  in  a high 
fever  ; ever  fince  his  florfiach  loaths,  and  can  retain  no  ' 
kind  of  aliment  but  water;  A neighbouring  gentle-' 
man  to  whom  his  father  is  tenant,  locked  him  up  for 
twenty  days,  fupplying  him  daily  with -water,  ~ and 
taking  care  that  he  fhould  have  no  other  food.  But  it 
made  no  difference, -either  in  his  look  or  llrength.  He 
is  now  fix  and  thirty,  years  of  age,  of  a freih  com-* 
plexion,  and  as  ftrong  as  any  common  man. 

Still  more  ftrange  is  the  cafe  of  Gilbert  J&ckfon.  * 
About  fifteen  years  of  age,  in  February  1716,- he  was  ; 
feized  with  a violent  fever : it  returned  in  April,  for  ' 
three  weeks,  and  again  on  the  tenth  of  June  ; he- then ' 
loft  his  fpeech,  his  ftomaeh,  and  the  ufe  of > his  limbs,- 
and  could  not  be  perfuaded  either  to  eat  or  drink  any 
thing.  May  the  17th,  1717,  his  fever  left  him,' but 
ftill  he  was  deprived  of  fpeech  and-  of  the  rife  of  fais~ 
limbs,  and  took  no  food  whatever.^  June30th,  he  was  * 
feized  with  a fever  again,  and  the  next  day  "recovered 
his  fpeech,  but  without  eating  or  drinking, >or  the  ufe" 
of  his  limbs.  On  the  11th  of  0<5tober  he  recovered’ 
his  health,  with  the  ufe  of  one  of  his  legs,  but  neither  ‘ 
ate  nor  drank  ; only  fometimesr  wafhed  his  mouth  with  * 
water. 

On  the  18th  of  June,  1718,  the  fever  returned  and 
lafted  till  September,  fie  then  recovered,  and  con- ' 
tinued  in  pretty  good  health,  and  was  frelh  coloured,  * 
but  took  no  kind  of  meat  or  drink.  On  the  9rfl  df  ; 
June,  1719,  he  was  again  feized  with  a fevere  fever.- 
On  the  tenth,  at  night,  his  father  prevailed  on  him  to 
take  a fpoonful  of  milk,  boiled  with  oatmeal.  Itftuck' 
fo  long  in  his  throat,  that  his  parents  feared  he  had 
been  choaked  ;*  but  ever  fince  that  time  he  has  taken 
food,  though  fo  little,  that  a half-penny  loaf  ferveshim 
for:  eight  days.  All  the  rime  he  felted,  he  had  ho  eva- 
cuation* 
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cuatlon,  either  by  (tool,  or  urine  : and  it  was  fourteen 
days  after  he  began  to  eat,  before  he  had  any.  He  is 
how  in  pretty  good  health. 

I fuppofe  fuch  another  inftance  as  this,  has  fcarce 
been  known  in  the  memory  of  man. 

It  is  not  improbable,  that  the  air  itfelf  furnifhes  fome 
nutritive  particles.  It  is  certain,  there  are  fubflances 
of  all  kinds,  floating  in  the  atmofphere.  And  that  an 
animal  body  may  be  nourifhed  hereby,  is  evident  in 
the  cafe  of  vipers.  Thefe,  if  taken,  when  firft  brought 
forth,  and  kept  from  every  thing  but  air,  will  yet  grow 
very  confiderably  in  a few  days. 

6.  As  without  refpiration  and  nutrition  we  cannot 
live  at  all,  fo  without  fenfe,  life  would  be  like  death. 
In  every  fenfation  there  is,  1.  An  outward  objedh 
% Its  action  in  the  orgair  of  fenfe.  3.  A perception 
of  it  in  tlie  mind.  The  aftion  of  the  .objeft  on  the 
organ,  is  by  means  of  the  nerves  Communicated  to  the 
brain.  And  then,  not  otherwife,  the  perception  fol- 
lows. But  how,  none  but  he  that  made  man  can 
explain. 

7.  In  fight,  the  a&ion  on  the  organ  is  performed 
juft  In  the  manner  of  that  in  a camera  obfcura.  The 
rays  of  light  reaching  from  the  furface  of  bodies  to 
the  eye,  varioully  penetrate  the  coats  and  humours  of 
it,  and  paint  on  the  bottom  of  the  eye  the  images  of 
the  things  which  we  fee.  This  is  communicated  by 
the  optic  nerve  to  the  brain,  and  then  the  perception, 
which  is  properly  fight,  follows.  But  the  eye  has  many 
advantages  above  a camera  obfcura : not  only  as  it 
can  be  moved  various  ways,  by  the  help  of  its  rriuf- 
qles  ; but  alfo  as  the  pupil,  by  the  help  of  the  iris,  is 
inftantly  either  dilated  or  coiiftringed,  according  to 
the  degree  of  light.  The  eye  likewife  accommodates 
itfelf  to  the  various  diftances  of  the  objetfs,  the  bot- 
tom of  the  eye  approaching  to  or  receding  from  the 
cryftalline  humour,  as  the  objeft  is  nearer  or  farther 
off. 

1 

8.  Sound  is  a treiftulo'us  motion  of  the  air,  pro- 
4uce3  by  the  ftroke ' Or  collifion  of  bodies.  ' Hearing 
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is  performed  in  the  following  manner.  The  undalat- 
ing  air  enters  the  outward  cavity  of  the  ear,  and  then 
ftrikeS  upon  the  drum  : from  which  the  motion  is  com- 
municated to  the  little  bones  within,  and  the  air  con- 
tained in  the  inner  cavity.  This  by  means  of  the  nerve 
conveys  rt  to  the  brain,  and  then  follows  the  percep- 
tion which  we  term  hearing. 

9.  The  fine  effluvia  which  fpread  every  way  from 

odorous  bodies,  afcending  with  the  air  into  the  nof. 
trils,  varioufly  twitch  the  filaments  of  the  olfactory 
nerves,  according  to  the  variety  of  their  natures. 
When  this  motion  is  by  thofe  nerves  communicated  to 
the  brain,  the  perception  follows  which  is  called 
fmelling.  • • 

10.  It  was  obferved  before,  that  the  furface  of  the 
tongue  is  filled  with  fmall  papillae,  which  are  no  other 
than  fine  ramifications_of  the  guftatory  nerve.  Thefe 
are  varioufly  moved,  by  the  particles  of  meat 'and 
drink.  And  this  motion  being  by  that  nerve  trank 
mitted  to  the  brain,  that  perception  arifes  which  we 
ftile  tatting. 

- 11.  The  organ  of  feeling  is  the  fit  in  in  general,  with 
which  innumerable  nervous  papillae  are  interwoven* 
which  being  moved  by  the  flighted  touch  of  other  bo- 
dies, convey  that  motion  to  the  brain.  But  thefe  pa* 
pillae  abound  in  all  the  extremities,  particularly  the 
palms  of  the  hand,  and  the  tips  of  the  fingers.  And 
hence  it  is,  that  the  fenfe  of  feeling  is  far  more  exqui- 
fite  in  thofe,  than  in  other  parts. 

, * f t"  • * V • 
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' 12.  Nearly  allied  to  the  fenfes  are  the  natural  appe-  > 
tites,  particularly  hunger  and  third:-.  The  ufual  way 
of  accounting  for  them  is  this.  When  the  food,  now 
reduced  to  a pulp,  isexpreft  out  of  the  ftomach,  it  is  f 
of  cOurfe  contracted  by  its  mufcular  coat.  This  caufes  \ 
the  inner  coat  to  lie  in  folds ; which  by  means  of  the! 
periftaltic  motion,  rubbing  lightly  on  each  other,  oc-f 
cafion  the  uneafy  fenfation  which  we  term  hunger.! 
This  is  felt  firft  in  the  upper  orifice  which  is  firft  eva- 
cuated. But  as  by  degrees  the  reft  of  the  contents  are 

expelled, 
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expelled,  this  rubbing  of  the  membranes  on  each  other 
fpreads  over  the  whole  ftomach,  and  renders  our 
hunger  more  urgent. 

This  uneafy  fenfation  is  increafed  by  the  acidity, 
which  the  blood  in  the  arteries  of  the  ftomach  con* 
trails  through  long  abftinence,  its  foft’ balfamic  parts 
having  been  all  drawn  off.  Likewife  its  velocity  is 
confiderably  augmented,  when  w*e  have  not  eaten  for 
fome  time. 

Hence  it  is,  that  hunger,  if  it  continue  long,  will  oc- 
cafion  a violent  fever  : that  young  perfons,  and  thofe 
who  labour  hard,  or  are  of  a bilious  conftitution,  are 
fooneft  hungry  : whereas  thofe  whofe  humours  are 
thick  and  vifcid,  are  not  fo  foon  incommoded  there- 
with. 

♦ 

13.  Hot  vapours  affending  from  the  ftomach,*  and 
drying  the  throat  and  mouth,  are  iuppofed  to  be  the 
occafion  of , that  uneafy  fenfation*  which  we  term 
tbirft. 

I fay,  are  fuppofed.  For  I apprehend  nothing  can 
be  known  with  .any  certainty  upon  the  head.-  in  like 
manner  it  is  fuppofed,  that  we  are  then  awake,  when 
the  nerves  are  braced,  and  filled  with  animal  fpirits ; 
and  that  when  the^  are  unbraced  and  empty,  we  fleep. 
But  who  cqn  give  any  fatisfa&ory  account  of  fleep  ? 
Some  afcribe  it  to  the  ftoppage  of  the  nerves : fome 
to  the  quiefcency,  and  others  to  a deficiency  of  the 
animal  fpirits.  The  truth  is,  we  are  ignorant  of  the 
whole  affair ; and  no  more  underftand  fleep  than  we  d© 
death. 

But  this  we  know,  that  during  fleep  feveral  func* 
tions  are  fufpended,  the  organs  of  fenfe  are  at  reft,  the 
* muffles  are  quiefcent,  fo  that  hardly  any  fpirits  flow 
through  them.  The  fibres  of  the  nerves  are  little 
changed,  and  an  equilibrium  obtains  throughout. 

. There  is  no  difference  of  preffure  on  the  veffels,  nor  of 
velocity  in  the  humours,  which  circulate  equally 
through  all  the  canals.  Mean  time,  all  difturbing 
caufes  being  at  reft,  the  wafted  humours  are  reftored, 
and  the  particles  fupplied,  which  were  worn  off  the 
iobds. 

• We 
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We  may  obferve  farther,  that  when  the  head  is  hot, 
and  the  feet  cold,  we  cannot  lleep ; that  perfpiratron 
is  twice  as  great  while  we  fleep  as  while  we  are  awake  ; 
that  too  much  fleep  makes  the  fenfes  dull,  the  memory 
jvveak,  and  the  whole  body  liftlefs  ; that  fleep  will  for  a 
confiderable  time  fupply  the  place  of  meat  and  drink : 
jthat  a foetus  deeps ' always  ; children  much  ; youths 
*nore  than  aduks,  and  they  than  old  men. 

To  fpeak  a little  more  particularly.  While  we  are 
.awake  there  is  a continual  motion  of  the  voluntary 
muffles,  of  the  parts  fubfervient  to  fenfe,  and  to  the 
affedtions,  all  which  ftimulate  the  nerves,  blood-veff 
fels  and  heart.  Thus  the  finer  parts  of  the  blood  are 
^continually  wafted,  whence  wearinefs  enfues : and  if 
the  vigilance  be  continued,  a feverifli  heat  and  fenfible 
lofs  of  ftrength. 

As  the  night  advances,  a weight  falls  on  the  large 
mufcles  and  their  tendons ; and  the  mind  becomes 
heavy.  The  powers  that  hold  the  body  eredt,  begin  to 
fhrink  from  their  office,  the  eye-lids  cloff,  the  head 
nods,  and  we  take  lefs  notice  of  outward  objedls,  till 
at  length  all  the  thoughts  are  in  confufion,  and  a fort 
of  delirium  enfues,  from  whence  there  is  a tranfition 
to  fleep,  not  known,  to  us.  This  rs  haftened  by  dark- 
nefs,  compofure  of  mind,  and  abfence  of  irritation 
from  all  parts  of  the  body. 

“ Again,  whatever  weakens  the  natural  powers,  in- 
clines to  and  increafes  fleep*:  fuch  as  lofs  of  blood, 
♦cooling  medicines,  yea  the  cold  of  the  external  air. 
Add  to  thefe,  whatever  calls  off  the  quantity  of  blood 
flowing  to  the  heart,  as -warm  bathing  of  the  feet,  a 
plentiful  ingeftion  of  food  into  the  ftomach  : likewife 
4 whatever  leffens  the  motions  of  the  fpirits,  whether  in 
tljq*  brain,  or  ftomach,  heart,  or  arteries.— On  the 
contrary,  fome  hot  medicines  induce  fleep,  by  caufing 
a .greater  afflux  of  blood  to  the  brain.  The  fame 
effedt  have  fome  fevers  ; as  alfo  fatnefs,  and  whatever 
elfe  retards  the  venal  blood.  In  all  thefe  cafes,  the 
blood  colledte4  in  the  head  compreffes  the  brain,  fo  as 
, to  leffen  the  courfe  of  the  fpirits  into  the  nerves. 

Sleepinefs  is  likewife  produced  by  any  compreffion 

•f  the  brail);  whether  from  extra vafated  blood;  a,  de- 
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prefled  part  of  fome  bones,  or  a culledion  of  ferous 
water  within  the  ventricles. 

Sleep  therefore  femetimes  rifes  from  a defed  of  the 
fpirits  : always  from  aj  collapfmg  of  the  nervous  fibres* 
through  which  the  fpirits  pafs  from  their  fountain  to 
all  parts  of  the  body.  . 

* It  is  hindered  by  intenfe  thought,  pain  of  body,  and 
ftrong  emotions  of  mind  : all  which  urge  the  fpiritf 
on,  and  prevent  the  nervous  fibres  from  collapfing. 

In  fleep*  the  heart  is  gradually  ‘reftored  from  it's 
quick  and  almoft  feverifli  pulfation,  to  its  flow  and 
‘calm  motion  : the  breathing  is  flower  and  fmaller,  the 
motion  of  the  ftomach  and  inteftines,  the  digeflion  of 
the  aliments-  and  the  progreffion  of  the  feces  are  di- 
‘minifhed.  At  the  fame  time  the  thinner  juices  move 
more  flowly,  while  the  more  grofs  are  called  together, 
the  fat  is  accumulated  in  its  cells*  and  the  nutritive  par- 
ticles adhere  more  plentifully  to  the  inner  furfaces  of 
the  fmall  vefTels,  and  the  Tides  of  the  fibres.  Thus 
while  the  fpirits  are  fecreted  with  a lefs  confumption, 
they  are  by  degrees  accumulated  in  the  brain,  fo  as 
to  diftend  and  fill  the  collapfed  nerves.  And  then  we 
awake  out  of  deep. 

* Let  us  eonfider  in  another  view  tliefe  remarkable  in- 
cidents-of  our  frame,  fleep  and- dreams  : fo  remark- 
able, that  they  are  a kind  of  experimental  myftery,  a 

^landing  miracle.  Behold  the  moft  vigorous  confti- 
tution,  when  refigned  to  the  flumbers  of  the  night. 
Its  adivity  is  oppre/Ted  with  indolence ; its  ftrength 
fuffers  a temporary  annihilation.  The  nerves  are  like 
-a  bow  unftrung,  the  whole  animal  like  a motionlefs 
‘log.  Behold  a perfon  of  the  moft  delicate  fenfations 
and  amiable  difpofitions.  His  eyes,  if  wide  open,  dif- 
cern  no  light,  diftinguiftv  no  objeds.  His  ears,  with 
the  organs  unimpaired,  perceive  not  the  founds  that  are 
round  about  them.  The  exquifitely  fine  fenfe  of  feel- 
ing is  overwhelmed  with  an  utter  ftupefadion.  Where 
are  his  focial  affedions  ? He  knows  not  the  father  that 
•begat  him,  the  friend  that  is  as  his  own  foul.  Behold 
the  moft  ingenious  fcholar,  whofe  judgment  traces  the 
moft  intricate  fciences,  whofe  tafte  relifhes  all  the  beau- 
ties of  compofition.  The  thinking  faculties  are  un- 
hinged, and  inftead  of  clofe-conneded  reafonings,  there 
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is  nothing  but  a disjointed  huddle  of  abfurd  ideas. 
Inftead  of  well-digefted  principles,  nothing  but  a dif- 
orderly  jumble  of  crude  conceptions. 

Yet  no  fooner  does  he  awake,  than  he  is  pofleft  of 
all  his  former  endowments.  His  finews  are  braced  and 
fit  for  aCtion,  his  fenfes  alert  and  keen.  The  frozen 
affections  melt  with  tendernefs  : the  romantic  vifionary 
is  again  the  mafter  of  reafon.  And  (what  is  beyond 
meafure  furprifing)  the  intoxicated  mind  does  not 
work  itfelf  fober  by  flow  degrees  ; but  in  the  twinkling 
of  an  eye,  is  poffeft  of  all  its  faculties  l Why  does 
not  the  numbnefs,  which  feized  the  animal  powers, 
chain  the  limbs  perpetually  l Why  does  not  the  ftupor, 
that  deadens  all  the  fenfes,  hold  feft  its  pofleffion  ? 
When  the  thoughts  are  once  difadjufted,  why  are  they 
not  always  in  confufionf  How  is  it,  that  they  are 
rallied  in  a moment,  and  reduced  from  the  wildeft  ir- 
regularity, to  the  moll  orderly  array  ? From  an  inac- 
tivity refembling  death,  and  from  extravagancies  little 
differing  from  madnefs,  how  fuddenly  is  the  body  re- 
ftored  to  vigour  and  agilrty  ? How  inftantaneoufly  is 
the  mind  re-eftablifhed  in  fedatenefs  rind  harmony  t 
Surely  u this  is  the  Lord’s  doing,  and  it  is  marvellous 
in  our  eyes  l” 

14.  That  all  motion  is  performed  by  means  of  the 
mufeles,  all  men  are  now  agreed.  And  it  is  fup- 
pofed  that  the  motions  of  the  mufeles  proceed  from  the 
influx  of  the  animal  fpirits ; which,  entering  them  by 
means  of  the  nerves,  iwell  and  fhorten  the  belly  of  the 
mufcle,  and  thereby  draw  the  extremities  together,  and 
move  the  parts  eonneCted  therewith.  But  all  this  like- 
wife  is  mere  conjecture.  God  only  -knows  his  own 
work* 


15.  That  fome  motions  are  voluntary,  and  fome  are 
not,  is  another  amazing  proof  of  the  Creator’s  wif- 
dom.  Thofe  which  are  abfol&tely  neceffary  for  the 
confervation  of  the  machine,  as  the  beating  of  the 
pulfe,  and  the  circulation  of  the  blood,  go  on  by  a 
kind  of  mechanic  law,  which  no  way  depends  upon 
cur  will : while  a thoufand  other  motions  begin  and 
end,  by  a Angle  uCl  of  our  will,  when  we  pleafe.  But 
. . how 
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fcow  this  bodily  motion  Is  connected  with  that  a&  of 
©ur  mind,  who  Is  able  to  explain  ? 

• • ' 1 1 . v ' 

, 1^6* /There  Is  a manifeft  congruity  between  the  ft  a- 

5 *ure  of*  man,  and  his  age,  daring  the  time  of  his 
growth*  And  as  five  feet  and  a half  may  be  thought 
t the  ordinary  height  of  man*  fo  may  feventy  years  the 
j ordinary  period  of  his  life.  Yet  fome  vaftly  exceed 
in  both  refpedts.-  And  as  we  know  Thomas  Parre  and 
l Henry  Jenkins  completed  double  that  ufo&l*  term  of 
life,  fo  we  have  no  reafon  to  queftion,  that  fome  have 
| doubled  the  - common  ftature  of  man.  Walter  Par- 
t fons,  King  James  the  F-irfPs  porter,  was  full  feven 
i feet,  feven  inches  high.  Mr.  Kay  faw  a-  man"  at 
Bruges,  who  was  eight  feet  and  a bnlf ; all  his  limbs> 
* well  fhaped*  and  hisftrength  proportionable.  Becanus,; 
fays,  he  faw  a youth  almoft  nine  feet  high  ; a man* 
near  ten,  and  a woman  quite  ten- feet*  Pliny  mentions^ 
I feveral  men  of  the  fame  height  in  his  age.  Yea,* 
Thevenot  tells  us,  that  he  met  a Spanifli  merchant  on 
the  coaft  of  Afric,  who  had  in  a coffer  the  fcull  and 
? bones  of  an  American  giant,,  which  he  brought  with* 
| him  from  that  country,  who  was*  eleven  feet,  five* 
1 inches  in  height,  and  died  in  the  year  1559. 

From  thefe  warrantable  accounts  we  learn,  that 
there  have  been  men  11  or  12  feet  high,  which  equals,  > 
if  not  exceeds,  the  ftature  of  the  talleft  giant  men- 
tioned in  fcripture.  The  height  of  Goliahwas  but  fix 
cubits  and  a fpan}  which/  is  only  nine  feet,  nine  inch^* 
es.  Indeed  the  bedftead  of  Qg,  the  King  of  Bafan, 
is  faid  to  have  bean  nine  cubits  in  length.  But  his  bed 
muii  have  been  longer  than  his  body : we  may  fairly 
allow  nine  inches  above  his  beady  and  as  much  below 
his  feet.  And  making  this  deduction,  he  was  not  above  - 
twelve  feet  high-;-  much  of  the  fame*  ftature  with  the 
giant,  whote  forehead  bone  is  ftill  kept  in  the  medicine-- 
fchool  at  Leyden. 

Is  this  deviation  from  the  common  ftature  of  man 
by.largeneis,  more  remarkable  than  its  oppofite?  The 
deviation  from*  it  by  littlenefs,*  which  has  been  ob- 
ferved  in  fome  inftances"?  Such  was  the  dwarf,  who 
lived  for  feveral  years  in  the  palace  of  the  King  of  Po- 
land. His  parents  were  healthy,  ft  rang  peafants,  who 

} % 4 affirmed*, 
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affirmed,  that  at  his  birth  he  weighed  fcarce  a pound  | 
and  a quarter  ; that  he  was  prefented  on  a plate  to  be  | 
baptized,  and  for  a long  time  had  a wooden  fhoe  for  | 
his  bed.  When  18  months  old,  he  could  fpeak  feme  J 
words  ivhen  two  years  old,  he  could  walk  almoft  | 
without  help.  His  flioes  were  then  juft  an  inch  and  a 5 
half  long.  When  he  was  fix  years  of  age,  the  King  V 
of  Poland  gave  him  the  name  of  Bebe,  and  kept  him  | 
in  his  palace.  His  height  was  then  fifteen  inches,. and  f 
he  weighed  thirteen  pounds.  He  .was  in  perfeft  health,  1 
his  perfon  was  agreeable  and  well  proportioned ; but  f v 
there  was  little  appearance  of  underftanding.  He  had  | 
no  fenfe  of  religion,  was  incapable  of  reafoning,  and  f 
could  learn  neither  mafic  nor  dancing.  Yet  he  was  | 
fufeeptibie  of  paffions  m a high  degree,  anger  and  jea-  | 
loufy  in  particular..  When  16  years  old,  he  was  29  | 
inches  high,  being  ftrll  healthy  and  well  proportioned  : ] 
but  from  that  time  his  health  declined  ; yet  he  grew  1 
four  inches  in  the  four  lucceedmg  years.  At  21  he  f 
was  ftirunk  and  decrepit ; and  at  22  it  was  with  diffi-  j 
culty  he  could  walk  a hundred  fteps.-  In  the  23d  year  j 
he  fell  into*  a kind  of  lethargy,  and  in  a few  days  died,  [ 
as  it  were  of  old  age* 

17.  The  two  raoft  eminent  inftances  of  longevity  in  | 

England  were  Thomas  Parre  and  Henry  Jenkins.  | 

Thomas  Parr$  was  a poor  countryman  of  Shropfhire*f 

whence  he  was  brought  up  to  London,  by  Thomas  l 

Earl  of  Arundel.  At  the  age  of  120  be  married  a 

widow  : at  130  he  could  do  any  hufbandry-work,  evenf 

threlliing  of  corn,  although  foon  after,  his  light  began 

to  fail ; nor  had  he  the  nfe  of  his  memory,  or  but  in  a 

fmall  degree  for  feveral  years  before  he  died  : but  he  5 

retained  his  hearing  and  apprehenfion  to  the  laft.  He; 

ufed  to  eat  often,  by  day  and  by  night,  of  milk,  old 

cheefe  with  coarfe  bread,  whey  and  fmall  beer.  He 

died  at  the  age  of  a hundred  and  fifty-two  years  and  * ^ / 

nine  months.  He  might  have  lived  much  longer,  but  /. ^ | 

coming  out  of  a clear,  thin,  and  free  air  to  London, 

and  from  a plain  country  diet,  to  that  of  a fplendid 

family,  where  he  fed  high,  and  drank  the  beft  wines, 

jthe  natural  fun&ions  were  over-charged,  and  death  f 

eould  not  but  foon  enfue. 

“ Henry 


( 116  ) 

H Henry  Jenkins  calling  at  my  houfe,  I afked  I10W 
old  he  was  ? “ He  pau%T  and  faid,  “ About  162,  or 
163.”  I afked,  whapiwas  the  firft  public  tranfacfUon 
he  remembered  ? if ^ fafd,  “The  battle  of  Flowden- 
field,  being  then  11  or  \2  years  old.” 

For  many  years  he  was  a fifherman,  and  ufed  to 
wade  in  the  dreams-  After  he  was  a hundred  year^r 
old,  he  frequently  fvvam  in  the  rivers.  The  latter  part 
of  his  life,  he  was  obliged  to  beg.*  He  died  atEller- 
ton-upon- Swale,  in  Yorkfhire,  Dec.  8,  1670:  having 
lived  (fuppofmg  him  to  have  been  12  years  old,  at  the 
battle  of  Flowden-field,  which  was  fought  Sept,  the 
9th,  1513)  a hundred  and  fixty-niiie  years,  that  is* 
fixteen  longer  than  Thomas  Par re. 


CHAP.  III. 

. Of  the  preternatural  State  of  the  Human 

• '•  Body. 
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1 . W hat  the  preternatural  State  of  the  Body  means* 

% The  V ariety  of  Difeafe  sr* 

3.  Reduced  To  three  Claffes  : thofe  of  the  Solids * 

4.  Thofe  of  the  Fluids j particularly  the  Blood* 

5.  Thofe  of  the  Animal  Spirits . 

6.  The  remote  Caufes  of  Dlfeafes . 

7.  Of  Fevers.  ' 

8.  Ihe  IV ay  to  prefer ve  Health* 

9.  Of  Life  and  Death * 

!•  *¥7 VT  HEN  the  druclnre  or  dffpofition  of  the  parts 
V V of  the  body  is  fo  difturbed  and  difordered, 
that  the  natural  operations  are  no  longer  performed^ 
or  not  in  the  manner  they  ought  r this  is  a ' preterna- 
tural date  of  the  body,  otherwife  termed  a difeafe. 

- ~N  > -a  . • - .n  . 

2.  There  cannot  but  be  a great  variety  of  difeales, 
whether  we  confider  the  manner,  wherein  that  druc- 
ture  or  difpofition  is  difturbed,  that  part  wherein  each 
difeafe  has  its  feat*  or  the  various  effects  and  circum- 

ftances 
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ftances  of  them.  Some  difeafes  only  hurt  the  ufe  of 
the  parts  ; fome  wholly  deffroy  it.  Some  affeft  this 
or  that  part;  others  the  whole  Jbody.  Some  diforder 
the  body,  fome  the  mind  ; and  others  both  mind  and 
body. 

3. . But  they  are  .all  reducible  to  three  clafles,  thofe 
of  the  folids,  of  the  fluids,  and  of  both.  The  folid 
parts  may  be  bruifed,  wounded,  fwefled,  or  removed 
out  of  their  natural  place. 

It  is  a wonderful  provifion  which  nature  makes  in 


one  of  the  moft  dreadful  calamities  incident  to  the  fo- 
lids. When  a bone  is  broken,  let  it  only  be  replaced* 
and  prefer.ved  in  that  fituation,  and  nature  does  the 
reft,  by  fupptying  the  divided  parts  with  a callus,. 

This  oozes  out  from  the  fmall  arteries  and  bony 
fibres  of  the  divided  parts,  in  form  of  a jelly,  and 
foon  fills  up  the  cavities  between  them.  Itfoon  grows  v 
cartilaginous,  afterwards  bony,  and  joins  the  frac- 
tured parts  fo  firmly,  that  the  bone  will  be  more  eafily 
broken  In  any  other  part  than  in  that. 

A callus  of  a different  kind  is  formed  on  our  hands 
and  feet.  This  is  compofed  of  feveral  layers  of  parti- 
cles loofely  coune&edr  Thefe,  if  fteeped  in  fair  water 
eafily  feparate ; and  then  are  found,  if  viewed  through 
a microfcope,  to  be  all  of  one  {hape,  refembling  that 
of  a weaver’s  ftmttle,  broad  in  the  middle  and  pointed 
at  each  end.  Being  fteeped  again,  they  divide  into  a 
great  number  of  fmaller  particles,  all  of  the  lame 
figure  with  the  firft. 

The  thicknefs  of  the  {kin  in  the  hands  of  thofe  who 
labour  hard,  Is  wholly  owing  to  vaft  numbers  of  thefe 
particles  which  combine  together,  but  fo  loofely  that 
they  are  eafily  feparated  on  moiftening.  T That  thick 
fkin  is  compofed  of  feveral  layers  of  different  thick- 
nefs, which  have  been  added  from  time  to  time  : each 
of  which  layers  is  only  a congeries  of  almoft  an  in- 
finity of  thefe  particles.  . 

But  people  who  labour  ever  fo  hard,  will  have  little- 
callus  on  their  hands  if  they  wafli  them  often.  The 
wafhing  the  hands  daily  rubs  off  a great  quantity  of 
thefe  fcales.  Indeed  it  is  furprifing  to  fee,  how  large  a 
quantity  of  -them  is  daily  thrown  off  from  our  hands 
. : ' " • ; and 
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and  feet,  though  from  no  other  part  of  the  body. 
We  may  learn  from  this  the  great  bounty  of  nature, 
in  fo  carefully  fupplying  the  parts  defigned  for  walk- 
ing or  labour,  with  an  additional  matter  for  their  de- 
fence, which  is  not  in  any  other  part  of  the  body. 

4.  The  difeafes  of  the  fluids  lie  chiefly  in  the  blood, 
when  it  is  either  too  thick  and  fizy,  whereby  its  motion 
becomes  too  languid  and  flow,  whence  fpring  the  dif- 
eafes  owing  to  obftruCtion : or  too  thin.  From  the 
former  caufe  arife  leprofies,  fcirrhus’s,  lethargies,  me- 
lancholy, hyft'eric  affections  : and  if  at  the  fame  time 
it  abounds  in  acid  falts,  the  (harp  points  of  thefe  tear 
the  tender  fibres,  and  occafion  the  fcurvy,  king’s-evil, 
confumption,  with  a whole  train  of  painful  difiem- 
pers. — Fevers  frequently  arife  from  the  too  great 
thinnefs  in  the  blood. 

I _ 

The  plague  is  not  an  European  difeafe.  It  is  pro- 
perly a difeafe  of  Afia,  where  it  is  epidemical,  and  is 
never  known  elfewhere,  but  by  importation  from  thence. 
The  fmall-pox  alfo  is  an  exotic  difeafe,  and  was  not 
known  in  Europe,  or  even  Afia  Minor,  till  a fpice- 
trade  was  opened  by  the  later  princes  of  Egypt,  to  the 
remoteft  part  of  the  Eaft-Indies.  Thence  it  originally 
came,  and  there  it  rages  at  this  day. 

5.  As  to  the  difeafes  afcribed  to  the  animal  fpirits. 
Tome  are  thought  to  proceed  from  the  fuppreflion  or 
diminution  of  their  motion,  as  apoplexies  and  palfies  : 
fome  from  their  exceflive  or  irregular  motion,  as  mad- 
nefs,  convulfions,  epilepfies. 

I know  not  whether  the  gentlemen  of  the  faculty! 
would  not  term  the  following,  “ a difeafe  of  the  ani- 
mal fpirits.”  Donald  Munro,  at  Strathbogie,  in  Scot- 
land, imitates  unawares  all  the  motions  ef  thofe  he 
is  with.  He  is  a little  flender,  pld  man,  and  was  fub- 
jeCt  to  this  infirmity  from  his  infancy.  He  is  loath  to 
have  it  obferved,  and  therefore  calls  down  his  eyes  in 
the  ftreets,  and  turns  them  afide  when  in  company. 
We  had  made  feveral  trials  before  he  perceived  it,  and 
.afterward  had  much  a-do  to  make  him  flay.  ...  He  imi- 
tated not  only  our  fcratching  our  heads,  but  the  wring- 
ing 
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ing  our  bands,  and  every  o^her  motion.  We  needed 
not  to  per&ade  him  to  be  covered  ; for  he  (till  covered 
*r  uncovered  as  we  did and  all  fo  exactly,  and  yet 
with  fuch  a natural  andunaffe&ed  air,  that  none  could 
fufpeft  he  did  it  defignedly.  When  we  held  both  his 
hands,,  and  caufed  another  to  make  fuch  motions,  he 
ftruggled  to  get  free.  But  when  we  would  have  known 
more  particularly*;  how  he  found  himfelf  affected,  he 
would  only  give  us  this  Ample  anfwer,  That  “ it  vexed 
his  heart  and  his  brain.** 


But  to  what  clafs  fhall  we  refer  the  difeafe  of  Ann 
Jacfkfon  ? JShe  was  bom  at  Waterford,  of  EnglHh  pa- 
rents, both  faid  to  be  found  and  healthy,  and  from 
three  years  old,  had  horns  growing  on  various  parts 
of  her  body.  She  is  now  thirteen  or  fourteen  : the 
horns  grow  chiefly  about  the  joints ; they  are  fattened 
to  the  lkin  like  warts,  and  about  the  roots  refemble 
them  much  in  fubftance,  but  toward  the  end  are  much 
harder.  At  the. end  of  each  finger  and  toe  is  one,  as 
long  as  the  finger  or  toe  itfelf,  rifing  a little  between 
the  nail  and  flelh,  and  bending  again  like  a turkey's 
claw.  On  the  joints  of  each  finger  and  toe  are  fmaller 
ones,  which  fometimesfall  off,  but  others  come  in  their 
place.  Round  her  knees  and  elbows  are  many  ; two 
in  particular  at  each  elbow,  which  twift  like  rams- 
horns.  At  each  ear  grows  one  s yht  fhe  eats  and  drinks 
heartily,  fleeps  foundly,  and  performs  all  the  offices  of 
nature,  like  other  healthy  perfons. 

6.  Such  are  the  proximate  caufes  of  difeafes.  As 
to  the  remote,  the  chief  are  thefe,  1.  Intemperance  in 
meat  or  drink,  either  with  regard  to  the  quantity  or 
quality.  2.  Want  of  exercife,  or  excefs  therein.  3* 
Immoderate  fleep  or  watching.  4.  Unwholefome  air. 
5.  The  diminution  of  fome  natural  evacuation.  6.  Ir- 
regular paffions.  All  or  any  of  thefe  affeft  the  tem- 
perature and  motion  of  the  blood  and  fpirits. 

7.  But  it  can  fcarce  be  conceived,  after  all  that  has 
been  faid  and  wrote,  on  almoft  every  fubjedt,  how  very 
little  is  known  to.  this  day,  concerning  the  caufes  of 
difeafes.  , In  moft  cafes  the  rooft  fcilful  phyficians  ac- 
knowledge 
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knowledge  they  have  nothing  but  conjectures  to  offer. 
We  may  give  a fpecimen  with  regard  to  fevers,  the 
moft  common  of  all  diftempers.  Thefe  are  of  various 
kinds ; at  prefent  we  will  fpeak  of  intermitting  fevers 
only.  Moft  of  thefe  agree  in  the  following  fymptoms. 
During  the  approach  of  the  fit,  cold  and  fhivering 
feize  the  body,  with  a fmall  and  flow  pulfe.  Heat 
fucceeds,  with  a quick,  ftrong,  hard  pulfe,  followed 
. by  fweat  and  a fofter  pulfe.  Thefe  fits  return  at  ftated 
times. 


It  is  fuppofed,  that  thefe  changes  in  the  blood  arife 
from  fome  foreign  matter  mixt  with  it,  which  it  can- 
not readily  aflimilate,  and  which  therefore  muft  in  fome 
meafure  hinder  its  motion : perhaps  becaufe  the  parti- 
cles of  it  are  too  large,  too  long,  or  branching  out. 
When  the  circulation  is  hindered  or  retarded,  chilnefi 
naturally  follows.  And  if  thefe  particles  flicking  in 
the  finer  paffages  are  preft  on  by  the  affluent  blood, 
this  will  occafion  both  a fliock  and  tremor  of  the  muf- 


cles,  and  make  the  pulfe  more  weak  and  flow.  But 
when  they  are  at  length  broken  and  comminuted  by 
the  continued  afflux  of  the  blood,  it  will  flow  more 
violently,  and  of  courfe  occafion  heat,  which  driving 
the  blood  to  the  furface  of  the  body,  many  of  its 
thinner  particles  will  bur  ft  through  the  pores,  in  the- 
form  of  fweat.  As  to  the  fevers  returning  at  .ftated 
times,  it  is  fuppofed,  the  peccant  matter  is  generated 
from  time  to  time,  and  mingled  with  the  blood  afrefh  ; - 
whence  the  fame  fymptoms  of  courfe  return,  and  that 
with  more  or  lefs  violence,  as  more  or  lefs  of  that  mat- 
ter is  generated.  Apd  as  this  is  done  mpre  fwiftly  or 
flowly,  the  fever  returns  in  one,  two,  or  three  days. 
But  all  this  is  mere  conjecture.  It  may  be  fo  ; and  it- 
may  not.  So  that  though  we  .may  guefs  much,  we 
know  nothing  about  it.  ’7  ; 


8.  It  is  fufficient  for  us  to  know,  how  we  may  avoid 
difeafes,  whether  we  can  account  for  them,  or  not. 
To  this  end,  we  fliould  avoid  whatever  in  meat;,  drink, 
motion  or  reft,  is  likely  to  produce  any  confiderable 
change  in  the  blood.  The  body  likewife  fliould  be  as 
far  as  poffibk  accuftomed  to  bear  fome  change  of  food, 
air,  and  other  externals,  that  if  we  fhould  at  any  time 
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be  con  drained  to  make  fuch  a change,  no  ill  confe- 
quence  may  enfue.  But  no  precife  rule  can  be  laid 
down,  which  will  fuit  all  conftitutions.  Every  man 
muft  confult  his  own  reafon  and  experience,  and  care- 
fully follow  them. 

A moft  unaccountable  method  of  removing  many 
difeafes,  was  that  of  the  famous  Mr.  Greatrix.  “ I 
give  you  nothing  concerning  him,  fays  Mr.  Boyle,  but 
from  eye-witnefles.  My  own  brother,  fome  time  fince 
was  feized  with  a violent  pain  in  his  head  and  back. 
Mr.  Greatrix  coming  by  accident  to  our  houfe,  gave 
prefent  eafe  to  his  head  by  ftroking  it.  He  then  ftroked 
his  back  : the  pain  immediately  fled  to  his  right  thigh. 
He  purfued  it  with  his  hand  to  the  knee,  ankle,  foot, 
toe,  then  he  ftroked  this,  and  it  was  gone. 

My  uncle’s  daughter  was  feized  with  a pain  in  her 
knees,  which . occafioned  a white  fwelling.  She  tried 
many  remedies  without  effeft,  for  fix  or  feven  years. 
Mr.  Greatrix  then  coming  to  Dublin,  my  aunt  brought 
her  to  him.  He  ftroked  her  knees,  and  the  pain  fled 
downward  from  his  hands,  till  he  drove  it  out  of  her 
toes.  And  in  a little  time  the  white  fwelling  went 
away. 

1 had  an  acquaintance,  who  after  a fever  was  very 
„ deaf,  and  had  a violent  pain  in  her  ears.  Mr.  Greatrix 
put  fome  fpittle  into  her  ears  and  rubbed  them,  which 
cured  both  the  pain  and  deafnefs. 

1 Another  told  me,  that  when  a child,  {he  was  ex- 
tremely troubled  with  the  king’s-eyil.  She  tried  many 
remedies  in  vain  : but-  Mr.  Greatrix  ftroked  and  per- 
fectly cured  her.  A fmith  near  us  had  two  daughters 
troubled  with  the  fame  diftemper.  One  of  thefe  had 
a running  fore  in  the  thigh,  the  other  in  the  arm : he 
cured  them  both.  He  cured  all  kinds  of  hyfteric  fits. 
He  likewife  cured  the  falling  ficknefs,  and  without  any 
relapfe,  provided  he  could  fee  the  patient  in  three  or. 
four  fits.” 

9.  As  long  as  the  foul  and  body  are  united,  a man 
is  faid  to  be  alive.  But  it  is  extremely  difficult  to  de- 
termine the  precife  time  at  which  life  ceales,  or  what 
Voi..  I.  F that 
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-that  is,  which  is  abfolutely  neceflary  to  the  continu- 
ance of  it.  Is  refpiration  ? But  when  this  is  entirely 
pceafed,  as  is  the  cafe  in  a perfon  ftrangled,  blow  ftrongly 
into  the  lungs,  and  they  play  again ; which  thews  he 
was  not  dead  before. — Is  the  beating  of  the  heart  ? But 
when  this  alfo  is  ceafed,  in  the  forementioned  cafe, 
, take  the.  fame  method,  and  when  the  lungs  begin  to 
play,  the  heart  begins  to  beat  anew.— Is  the  circulation 
of  the  blood  ? But  perfons  drowned,  who.have  been  fo 
long  under  water,  as  to  have  no  pulfe  remaining  in  any 
artery,  and  confequently  no  circulation,  have  recovered 
by  the  ufe  of  proper  means,  and  lived  many  years  af- 
; ter.— Is  the  fluidity  of  the  blood  ? Nay,  hut  it  is  a 
common  thing  in  Sweden,  to  recover  to  life  one  who 
has  been  twenty-four  hours  under  water ; and  who  not 
only  has  no  pulfe,  but  is  as  ftiff  all  over,  as  any  dead 
corpfe  can  be.  What  then  is  death  ? Undoubtedly  it 
•is  the  feparation  of  the  foul  and  body.  But  there  are 
many  cafes  wherein  none  but  God  can  tell,  the  moment 
wherein  they  feparate. 

Many  who  feem  to  be  dead,  may  be  recovered.-— 
A perfon  fuffocated  by  the  fleam  of  coals,  fet  on  fire 
in  the  pit,  fell  down  as  dead.  He  lay  between  half  an 
hour  and  three  quarters,  and  was  then  drawn  up,  his. 
eyes  flaring,  his  mouth  gaping,  his  Ikin  cold : not  the 
leaft  breathing  being  perceivable,  nor  the  leaft  pulfe 
either  in  his  heart  or  arteries.-  : 

A furgeon  applied  his  mouth  to  that  of  the  patient, 
and  by  blowing  ftrongly,  holding.:  the  noftrils  at  the 
fame  time,  raifed  the  cheft  by  his  breath.  Immedi- 
ately he  felt  fix  or  feven  quick  beats  of  the  heart : the 
lungs  began  to  play,  and  foon  after  the  pulfe  was  felt 
in  the  arteries.  He  then  opened  a vein,  which  at  firft 
bled  drop  by  drop,  but  in  a while  bled  freely.  Mean 
time  he  caufed  him  to  be  pulled  and  rubbed;  In  an 
hour  he  began  to  come  to  himfelf ; in  four  hours  walked 
home,  and  in  four  days  returned  to  his  work. 

r - • - ’ V 

Wherever-  the  folida  are  whole*  and  their  tone  unim- 
paired, where  the  juices  are  not  corrupted,  where  there 
is  the  leaft  remains  of  animal  heat,  it  would  be  wrong 
not. to  try  this  experiment-  This  takes  in  a. few  di& 
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cafes,  and  many  accidents.  Among  the  firft  are  many 
that  caufe  fudden  deaths,  as  apoplexies  and  fits  of  va- 
rious kinds.  . In  many  of  thefe  it  might  be  of  ufe  to 
apply  this  method : and  in  various  cafualties,  fuch  as 
fuffocations  from  the  damps  of  mines  and  coal-pits, 
the  condenfed  air  of  long-unopened  wells,  the  noxious 
vapours  of  fermenting  liquors  received  from  a narrow 
vent,  the  fteam  of  burning  charcoal,  arfenical  effluvia, 
or  thofe  of  fulphureous  mineral  acids. — And  perhaps 
thofe  who  feem  to  be  ftruck  dead  by  lightning,  or  any 
violent  agitation  of  the  pafiions,  as  joy,  fear,  anger, 
furprife,  might  frequently  be  recovered  by  this  fimple 

procefs.  . .. 
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The  animal  machine  is  like  a clock : the  wheels 
whereof  may  be  in  ever  fo  good  order,  the  mechanifm 
complete  in  every  part,  and  wound  up  to  the  full 
pitch  ; yet  without  fome  impulfe  communicated  to  the 
pendulum,  the  whole  continues  motionlefs. 

Thus  in  thefe  accidents,  the  folids  are  whole  and 
elaftic,  and  the  juices  no  Other  wife  vitiated,  than  by  a 
Hi  or  t ftagnation,-from  the  quiefcence  of  that  moving 
fomething,  which  enables  matter  in  animated  bodies, 
to  overcome  the  refiftance  of  the  medium  it  a<5ls  in. 
Inflating  the  lungs,  and  thus  communicating  motion 
to  the  heart,  like  giving  the  firft  vibration  to  a pendu- 
lum, enables  this  fomething  to  refume  the  government 
of.  the  fabric,,  and  a&uate  its  organs  afrefh. — — f—It  has 
been  fuggefted,  That  “ a pair  of  bellows  might  be 
applied,  better  than  a man’s  mouth.”  But,  1.  Bel- 
lows may  not  be  at  hand:  2.  The  lungs  of  one  man 
may  fafelybear  as  great  a.  force,  as  the  lungs  <5f  ano- 
ther can  exert',  which  by  the  bellows  cannot  always  be 
determined : S.  The  warmth  and  moifture  of  the  breath 
may  likewife  be  of  ufe. 

But  what  is  properly  a natural  death  ? From  the  very 
birth,  every  vellel  in  the  human  body  grows  ftifler  and 
ftiffer  by  the  adhefion  of  more  aim  more  earthy  parti- 
cles to  its  inner  furface.  Not  only  iolid  food  fupplies 
it  with  thefe,  but  every  fluid  that  circulates  through  it: 
Hereby  more  and  more  of  the  fmall  veffels  are  fo  filled 

up. 


( 


X 124  3 

Tjtp,  as  to  be  no  longer  pervious.  In, proportion,  -the 
coats  of  the  larger  veffels  grow  harder,  and  their,  ca- 
vities narrower^  Hence  the  drynefs  and  ftiffnefs  of  all 
the  parts,  which  are  obfervaible  m old  age.  - By  this 
means,  more  and  more  of  the  veffels  are.deftroyed,  the 
finer  fluids  fecerped  in  lefs  quantity,  the  concoctions 
weakened,  and  the  reparation  of  the  decayed  and  in- 
jured parts  prevented.  So  that  only  the  coarfer  juices 
continue  to  run  {lowly  through  the  larger  veffels.  Soon 
thefe  alfo  not  only  become  narrow,  but  ftiff,  bony,  and 
unelaftic,  till  even  the  great  artery  having  loft  its  fpring, 
pan  propel  the  blood  no  longer.  'And  then  follows 
death  by  old  age,  whidh  is  a purely  natural  death.  Bu.t 
this  is  a very  rare  cafe : it  is  feldom  life  is  fo  long  pro- 
tradled,  the  lamp  of  life  being  eafily  blown  out,  when 
It  bums  with  fo  feeble  a flame.  So  that  the  age  of 
man  feldom  exceeds  threefcore  years  and  ten  before  duft 
Tetums  to  duft. 

« V * 

The  term  of  life  can' be  prolonged  but  a very  little 
time,  by  any  art  we,  can  ufe.  A few  only  have  lived 
beyond  the  ordinary  duration  of  human  exiftence ; 
fuch  as; Parre,  and  Jenkins  : yet  thefe  men  ufed  no 
particular  arts  to  prolong  life.;  on  the  contrary,  they 
were  peafants,  accuftomed  to  the  greateft  fatignes,  and 
who  had  no  fettled  rules.  Indeed,  if  we  confider  that 
the  European,  the  Negro,  the  Chinefe,  and  the  Ame- 
rican, the  civilized  man,  and  the  favage,  the  rich  and 
the  poor,  the  inhabitant  of  the  city,  ,and  of  the  coun- 
try, though  all  fo  different  in  other  relpedts,  are  yet 
entirely  fimilar  in  the  period  allotted  them  for  living  ; 
if  wp  cnnfider  that  neither  the  difference  of  race,  of 
climate,'  of  nourilhment,  of  convenience,  or  of  foil, 
makes  any  difference. in  the  term  of  life,;  if  we  coufi- 
der  that  thofe  men,  who  five  upon  raw  flefh,  or  dried 
fifties,- upon  fage  or  rice,  upon  caffava,  or  upon  roots, 
neverthelefs  live  as  long  as  thofe  who  are  fed  upon  bread 
and  meat ; we  {hall  riadily  acknowledge,  that  the  du- 
ration of  life  depends  neither  upon  habit,  cuftoms,  nor 
the  quantity  of  foo^,  and  that  nothing  can  change  the 
laws  of  that  mechanifm,  which  regulates  the  number 
of  our  years. 

'■  V'  F > i ; * ' V f* 
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If  there  be  any  difference  in  the  different  period 
man’s  exiftence,  it  ought  principally  to  be  afcribed  to 
the  quality  of  the  air.  It  has  been  obferved,  that  in 
elevated  fituations  there  have  been  found  more  old  peo- 
ple than  in  thofe  that  were  low*.  The  mountains  of 
Scotland,  Wales,.  Auvergne,  and  Switzerland,  have 
rurnifhed  more  inftances  of  extreme  old  age,  than  the 
plains  of  Holland,  Flanders,  Germany,  or  Poland. 
But,  in  general^the  duration  of  life  is  nearly  the  fame 
in  mod  countries*  Man,  if  n'Ot  cut  off  by  accidental 
difeafes,  is  generally  found  to  live  ninety  or  a hundred* 
years.  Ottr  anceftors'  did  not  live  beyond  that  date  ; 
and,  fince  the  time  of  David,  this  term  has  had  but 
little  alteration* 

/ If  we  be  afhed  how,  in  the' beginning,  men  lived1 
lb  much  longer  than  at  prefent,  and  by  What  means 
their  lives  were  extended  to  nine  hundred  and  thirty,  or 
even  nine  hundred'and  'fixty  years^  it  may  be  anfwered, 
that  the  prddtidHoris  of  the  earth,  upon  which  they  fed, 
might  be  of  a different  nature  at  that  time,  from  what 
they  are  at  prefent.  But  perhaps  it  is  better  to  fay, 
that  the  term  was  abridged  by  divine  command,  in 
order  to  keep  the  earth  fro rU  * being,  over-ftocked  with 
human  inhabitants  j fitrcej'if  every  perfon  were  now  to 
live^  and  generate  for  nine  hundred  yeats,  mankind 
would  be  increafed  to  fuch  a degree,  that  there  would 
be  no  room  for  lubfiftence  : fo  that  the  plan  of  provi- 
dence would  be  altered  y which  is  feen  not  to  produce ' 
life,  • without  providing 'a  prope^Ttipply  f 

But  to  whatever  extent  life  may  be  prolonged,  of 
howfoever  fome  may  Have  delayed  the  effedts  of  age* 
death  is  the  certain  goal  to  which  all ; arehafteningr 
All  the  caufes  of  decay,-  which  have  been  mentioned, 
contribute  to  bring  on  this  dreadful  diflolution.  How- 
ever, nature  approaches  to  this  awful  period,  by  flow 
and  imperceptible  degrees,- life  is  xonfuming  day  after 
day,  and  fome  one  of  our  faculties,  or  vital  principles* 
is  every  hour  dying  before  the  reft;  fo  that  death  is 
only  the  laft  . (hade  in  the  picture  : and  it  is  probable, 
that  man  fuffers  a greater  change  in  going,  from  youth, 
to  age,  than  from  age  into  the'  grave;  When  we  firftf 
begin  to  live,  our  lives  may  fcarcely  be  faid  to  be  ottf 
owny  as  the  child  grows, life  increafesin  the  faftie  pro- 
portion* 
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portion,  and  is  at  its  height  in  the  prime  of  manhood# 
But  as,  foon  as  the  body  begins  to  decreafe,  life  de-. 
creafes  alfo  ; for,  as  the  human  frame  diminifties,  and 
its  juices  circulate  in  fmaller  quantity,  life  diminiihes 
and  circulates  with  lefs  vigour  ; fo  that  as  we  begin  to 
live  by  degrees,  we  begin  to  die  in  the  fame  manner.* 

Why  then  fhould  we  fear  death,  if  our  lives  have 
been  fuch  as  not  to  make  eternity  dreadful  ? Why 
fhould  we  fear  that  moment  which  is  prepared  by  a 
thoufand  other  moments  of  the  fame  kind,  the  firft 
pangs  of  ficknefs  being  probably  greater  than  the  laft 
ftruggles  of  departure.  Death,  in  mbft  perfons,  is  as 
calmly  endured,  as  the  diforder  that  brings  it  on.  If 
we  inquire  from  thofe,  wblofe  bufinefs  it  is  to  attend 
the  lick,  and  the  dying,  we  Ihall  find,  that,  except  in 
a very  few  acute  cafes,  where  the  patient  dies  in  ago-* 
fties,  the  greateft  number  die  quietly,  and  feemingly 
without  pain.  And  »even  the  agonies  of  the  former 
rather  terrify  the  fpeftators,  than  torment  the  patient ; 
for  how  many  have  we  feen,  who  have  been  accident- 
ally relieved  from  this  extremity,  and  yet  had  no  me- 
mory of  what  they  then  endured  ? In  faft,  they  had 
ceafed  to  live,  during  that  time  when  they  ceafed  to 
have  fenfation  ; and  their  pains  were  only  thofe  of 
which  they  had  an  idea. 

The  greateft  number  of  mankind  die,  therefore, 
without  feiifation  : and  of  thofe  few  that  ftill  preferve 
their  faculties  to  the  l&ft  moment,  there  - is  fcarce  one 
that  does  not  alfo  preferve  the  hopes  of  ftill  out-living 
his  diforder.  Nature,  for  the  happinefs  of  man,  has 
rendered  this  fentiment  ftronger  than  his  reafon.  A 
perfon  dying  of  an  incurable  diforder,  which  he  muft 
know  to  be  fo,  by  frequent  examples  of  his  cafe  ; which 
he  perceives  to  be  fo,  by  the  inquietude  of  all  around 
him  ; by  the  tears  of  his  friends,  and  the  departure, 
or  the  face  of  the  vphyfician,  is,  neverthelefs,  "ftill  in 
hopes  of  getting  over  it.  His  int'ereft  is  fo  great,  that 
he  only  attends  to  his  bwn  rQprefentations ; the  judg- 
ment of  others  is  confidered  as  a hafty  conclufion  ; and 
while  death  every  moment  makes  npw  inroads  upon 
his  conftitution,  and  deftroys  life  in  fome  part,  hope 
ftill  feems  to  efcape  the  univerfal  ruin,  and  is  the  laft 
that  fubmits  to  the  blow. 

Death, 
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!)eatli,  therefore,*  is  not  the  terrible  thing  which  'tint* 
fit  ppdfe  it  to  be.  It  is  a fpe&re  which  frights  us  at  a" 
diftance,  but  which  difappears  when  we  come  to  ap* 
proach  it  more  clofely.  Our  ideas  of  its  terrors  are 
conceived  in  prejudice,  and  dreffed  up  by  fancy ; we 
regard  it  not  only  as  the  greateft  misfortune*  but  as* 
alfo  an  evil  accompanied  with  the  nloft  excruciating 
tortures : we  have  even  increafed  our  appiehenfions, 
by  reafoning  on  the  extent  of  our  fufferings. » It  muft 
be  dreadful,  fay  fome,  fince  it  is  fufficient  to  feparate 
the  foul  from  the  body  ; it  muft  be  long,  fince  our  fuf-' 

. ferings  are  proportioned  to  the  fucceffion  of  our  ideas  y 
and  thefe  being  painful,  muft  fucceed  each  other  with ! 
extreme  rapidity.  . In  this  manner  falfe  philofophy  la-' 
hours  to  augment  the  miferies  of  our  nature,  and  to 
aggravate  that  period,- which  nature  has' kindly  covered  ' 
with  infenfibility.  Neither  the  mind,  nor  the  body,- 
can  fuffer  thefe  calamities  ; the  mind  is,  at  that  time, 
moftly  without  ideas,  and  the  body  too  much  en- 
feebled, to  be  capable  of  perceiving  its  pain.  A very 
acute  pain  produces  either  death,  or  fainting,  which  is* ' 
a ftate  fimilar  to  death  : the  body  can  fuffer  but  to  a 
certain  degree  ; if  the  torture  * becomes'  exceflive,  it- 
deftroys  itfelf ; and  the  mind,  ceafes  to  perceive,  when 
the  body  can  no  longer  endure. 

In  tjps  manner,  exceffive  pain  adtnits  of  no  reflec- 
tion and  wherever  there  are  any  fignsof  it,  we  may 
be  fure,  that  the  fufferings  of  the  patient  are  no  greater 
than  what  we  ourfelves  may  have  remembered  to* 
endure. 

But,  in  the  article  of  death,  we  have  many  inftances 
in  which  the  dying  perfonhas  fhewn,  that  every  reflec- 
tion that  pre-fuppofes  an  abfence  of  great  pain,  and,- 
confequentlyr  that  pang  which  ends  life,  cannot  even 
be  fo  great  as  thofe  which  have  preceded**  Thus,  when' 
Charles  XII.  was  fhot  at  the  fiege  of  Frederic  kfball* 
he  was  feen  to  clap  his  hand  on  the  hilt  of  his  fword  ; 
and  although  the  blow  was  great  enough  to  terminate 
one  of  the  boldeft  and  braveft  lives  in  the  world,  yet 
it  was  not  painful^  enough  to  deftroy  refle&ion.  He 
perceived  himfelf  attacked,  he  reflected  that  he  ought 
to  defend  himfelf,  and  hi$  body  obeyed  the  impulfe  of 
liis  mind,  even  in  the  laft  extremity.,  Thus  it  is  the 

prejudice? 
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prejudice  of  perfons  in  health,  and  not  the  body  m 
pain,  that  makes  us  fuffer  from  the  approach  of  death ; • 
we  have,  all  our  lives,'  contra<5led  a habit  of  making 
out  exceffive  pleafures  and  pains  *r  and  nothing  but  re- 
peated experience  fhews  us,  how  feldom  the  one  can  be 
luffered,  or  the  other  enjoyed  to  the  utmoft. 

If  there  be  any  thing  necelfary  to  confirm  what  we 
have  faid,  concerning  the  gradual  ceflation  of  life,  or 
the  infehfible  approaches  of  our  end,  nothing  can  more 
effedhially  prove  it,  than  the  uncertainty  of  the  figns 
of  death.  If  we  confult  what  Window  or  Bruhier 
have  faid  upon  this  fubje<5t,  we  fhall  be  convinced,  that 
between  life  and  death,  the  (hade  is  fo  very  undiftin- . 
guifhable,  that  even  all  the  powers  of  art  can  fcarcely 
determine  where  the  one  ends,  and  the  other  begins* 
The  colour  of  the  vifage,  the  warmth  of  the  body, 
the  fupplenefs  of  the  joints,  are  but  uncertain  figns  of  ' 
life,  (till  fubfiffmg  ; while,  on  the  contrary,  the  pale- 
nefs  of  the  complexion,  the  coldnefs  of  the  body,  the 
ftiffnefs  of  the  extremities,  the  ceflation  of  all  motion, 
and  the  total  infenfibility  of  the  parts,  are  but  uncer- 
tain marks  of  death  begun.  In  the  fame  manner  alfo, 
with  regard  to  the  pulfe,  and  the  breathing  : thefe  mo- 
tions are  often  fo  kept  under,  that  it  is  impoffible  to 
perceive  them.  By  approaching  a looking-glafs  to  the 
mouth  of  the  perfon  fuppofed  to  be  dead,  peo$ce  often 
expedtto  find  whether  he  breathes  or  not.  But  this  is 
a very  uncertain  experiment.  The  glafs  is  frequently 
fullied  by  the  vapour  of  the  dead  man’s  body ; and 
often  the  perfon  is  ftill  alive,  although  the  glafs  is  no 
way  tarnifhed.  In  the  fame  manner,  neither  burning, 

' nor  fcarifying,  neither  noifes  in  the  ears,  nor  pungent 
fpirits  applied  to  the  noftrils,  give  certain  figns  of  the 
difcontinuance  of  life  ; and  there  are  many  inftances  of 
perfons  who-  have  endured  them  all,  and  afterwards 
recovered,  without  any  external  affiftance,  to  the  aflo- 
nifhment  of  the  fpeftators.  How  careful,  therefore, 
fhould  we  be,  before  we  commit  thofe  who  are  deareft 
to  us  to  the  grave,  to  be  well  affured  of  their  depar- 
ture. Experience,  juftice,  humanity,  all  perfuade  us 
not  to  haften  the  funerals  of  our  friends,  but  to  keep 
their  bodies  unburied,  until  we  have  certain  figns  of 
their  real  deceafe* 

Indeed, 
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Indeed,  fooft  after  the  creation,  when  the  earth  was 
to  be  peopled  by  one  man 'and  one  woman,  the  wife 
providence  of  God,  prolonged  the  life  of  man  to  ab-we 
900  years;  After  the  ffoodj  wlien  there  were  three  men 
to  people  the  earth,  their  age  Was  cut  fhorter.  And 
none  of  thefe  patriarchs,  except  Shem,  attained  to  fivfe 
hundred  years;  In  the  next  century1,  none  reached 
240.  In  the' third,  none  but  Terah  lived  200  : men 
being  then  fo  increafed,  that  they  built  cities^  and  di- 
vided into  different  nations  * As  their  nu  mber  increafed, 
the  length  of  their  lives  dmtinifhed,  till  about  the  time 
of  Mofes  it  was  reduced'  to  70*or  80-  years,  where  it 
Hands  at  this  day.  . This  is  a good  medium,  fo  that  the 
earth  is  neither  over-ftocked,  nor  kept  too  thin  of*  in- 
habitants;- If  men  were  now  to  live  to  Methufelah’s 
age,  of  969* years,  or  only,  to  Abraham’s  of  175,  the 
earth  would  be  over-peopled.  If  on  the  contrary?  the 
age  of  man  Was  limited-  (like  that  of  divers  other  ani- 
mals) to  10,'  20,  or  30  years,- it  would  not  be  peopled-5 
enough.  Bttr:  aft  lie  pr-efent  rate, -the  balanc?e  is  nearly.' 
even^  and  life  and  death  keep  on  an  equal  pace.  - 

This  is~  highly  remarkable,  that  wherever’  arty  ac-* 
count  been  taken,'  there  is  a certain  rate  and  pro- 
portion in-the  propagation  of  mankind.  - Such  anum« 
ber : marry,  - and  fo-  maitf  are  Domain  proportion  to 
the  number  of  perfons  in  every  town  or-nation.-  And' 
as  to  births^v  two  things*  are  very  obfervable.— -One  is,v 
the  proportion  of  males  and  females  ^ fourteen  males 
to  thirteen  femaleb,  ’ which  is*  exactly  agreeable  to  all* 
the  bills*  of  mortality.-  And  this  furplufage  of  males 
allows  one  manA  to  one  woman,  notwithftanding  the  * 
eafualties*  to  which  men  are  expofed  above  women. 
The  other  is^  that  a few  more  are  bom j than  appear  to 
die  in-  any  place.*  This  is  an  admirable  provifion  for 
extraordinary  emergencies,  to  ftipply  unhealthy  plates^ 
to  make  up  the  ravages-  of  epidemic  diftempers,'  and 
the  depredations  of  war ; and  to  afford  fufficient 
number  for  colonies^  in  the  yet-unpeoplecl  parts  of  the 
earthy  On  the  other  hand,-  thole  extraordinary  ex- 
penses, are  not  only  a/  juft  pumfhment  of  fin,  But  alfo 
a wife  means,  to  keep  the  balance  of  mankind  s ven. 
So  one  would  be  ready  to  conclude,  by  considering  the 
Afiatie^  and  other  more  fertile  countries,  where  pra- 
i E & , d giou* 
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dlgious  multitudes  are  fwept  away  by  wars  and  plagues ; 
and  dill  they  remain  full  of  people.  . 

As  to  the  length  of  life,  it  has  been  an  ancient  opi- 
nion, that  mAi  lived  longer  in  cold  countries  than  in 
hot.  But  the  reverfe  is  true.  The  inhabitants  of  the 
Caribbee  Illands,  ufually  live  a hundred  and  fifty  years^ 

In  the  Molucca  Illands,  the  ordinary  life  of  the  natives  ' 
is  a hundred  and  thirty  years.  In  Sumatra,  Java*, and 
the  neighbouring  -iflands,  the  life  of  the  inhabitants 
commonly  extends  to  a hundred  and  forty  years  ; in 
the  realm  of  Cafluby  to  150.  The  Brafdians,  fre- 
quently live  to  160  years,  and  many,  in  Florida  and 
jiicatan,  dill  longer.  ' 

Nor  is  this  at  all  improbable.  For  there  being  no 
fuch  inequality  of  weather  in  thofe  climates  as  in  ours* 
the  body  is  not  ftiocked  by  fudden  changes,  but  kept 
1 in  a more  equal  temper.  And  fickly  perfons  with  us, 

when  fixt  to  their  beds,  and  kept  in  an  equal  degree  of 
heat,  are  often  found  to  hold  out  many  years,  who 
would  otherwife  fcarce  have  furvived  one. 

Before  concluding  this  head,  we  may  obferve  one  - 
more  eminent  indance  of  the  divine  wifdom,  in  the 
great  variety  throughout  the  world  of  men’s  faces* 
voices,  and  hand-writing.  Had  men’s  faces  been  cad 
in  the  fame  mduld,  their  organs  of  fpeech  given  the 
fame  found  ; and  had  the  fanie  ftru&ure  of  mufcles  and 
nerves,  given  the  hand  the  fame  direction  in  writing  t 
what  confufion,  what  numberlefs  in  conveniences  muft 
we  jbave  been  expofed  to  { No  fecurity  could  have  been 
to  our  perfons,  no  certainty  of  our  poffeffions.  Our 
courts  , of  juftice  abundantly  tedify  the  effe&s  of  mif- 
taking  men’s  faces  or  hand- writing.  But  this,  the< .wife 
Creator  has  taken  care  to  prevent  from  beings  a general 
. cafe.  A man’s,  face  diftinguilhes  him  in  the  light,  ,$$- 
. his  voice  does  in  the  dark  ; and  his  ^hand-writing  can 
fpeak  for  him  when  abfent,  and  lecure  his  contrafts  to 
future  generations.  ... 

Laftly,  how  admirably  has  God  fecured  the  execu- 
tion of  his  original  fentenc.e,  upon  every  child  of  ma# , 
u Dud  thou  art,  and  unto'  dud  {halt  thou  return  i”’-— 
r Frqm  the  moment  we  live,  we  prepare  for  dr^th,  by 

the  adheiion  of  duft,  mixt  with  ajl  pur  aliments,  tp 
our  native,  duft.},  fo  - that  whatever  we .eatvpr  d^ink,  to 
' ‘ * t‘T+  prolong 
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.prolong  life,  mull  fap  the  foundation  of*  it. Thusydi*s> 
fpite  of  all  the  wifdom  of  man  and  all  the  precautions 
which  carnbe  ufed, . every  morlel  we  take,  poifons  while 
it  feeds,  and  brings  us  nearer  to  the  duft  from  whence' 


we  came. 
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Of  the  Soul,  and  of  the  Origin;  of  Man; 

1.  There  is  ^ fomething  In  Man  which  perceives  the  various * 

Motions  of  the  Body* 

2.  This  Perception  is  fometimes  continued , and  recalled. ' , 

3.  We  know  fome  Things  in  a rtiore  fublime  Manner . 

4v  There  is  fomething  in  us  which  has  an  Appetite  to  fenji * " 
ble  Things . 

5i  And  another  Appetite^  which  is  often  contrary  Jo  this. : 

6.  How  Philofophers  account  for  the  Direction  of  our 
bodily  Motions . 

7-  For  the  External  Senfts . 

8.  The  Imagination  and  Memory . 

9.  The  Underftanding)  Will,  , and  AjfeBions. 

1 p.  This  may  be  foyormaynot . 

••fj*  Jfl*  Of  the  Immortality  of  the  Soul.  v 

12*  Of  the  Union  of  the  Saul  and  Body. 

1 3.  Reafon  cattnot  dif cover  the  Origin  of  Man* 

14.  The  Scriptural  Account  of  it . 

15.  Of  the  Production  of  the  Soul.  v 

16.  Of  the  Generation  of'  the,  Body* 

* 1.  T?  VJvR.Y  one  fields  there,  is  fomething . in  himfelf 
XL*  which  perceives  the  motions  raifed  in  his  body 
by  outward  objects.  .For  ,when  we  fee,  hear,  tafte, 
imell  or  feel,  while  the  objedls  affedt  our  bodily  organs* 
we  find  alfo  various  perceptions  in  our  mind,  according; 
to  the  variety  of  thofe  objects* 

2.  We  obferve  likewife,  that  after  the  objects  are  re- 
moved, thofe  perceptions  often  continue,  yea,  and  are 
VStrioufly  nailed  and  compou^d^/togethjer,  r which  w 

term 
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term  imagination.  And  a long  time  after,  when  thofe 
objects  are  not  only  removed,  but  even  ceafe  to  exift, 
thole  perceptions  return  into  our  mind.  And  this  we 
call  memory. 

5.  And  as  we  perceive  thefe  outward  objefts,  fo  we 
know  that  we  do  perceive  them.  The  mind  can  look 
inward  upon  itfelf,  and  reflect  upon  its  own  percepti- 
ons. Over  and  above  this,  we  feem  to  find  in  our- 
felves,  a knowledge  of  things  ab  ft  rafted  from  matter. 
But  the  more  we  labour  to  penetrate  into  the  nature  of 
this  divine  principle,  the  more  it  feems  to  retire  and 
withdraw  itfelf  from  our  moft  ftudious  refearches. 

4.  In  like  manner  we  find  in  ourfelves  various  appe- 
tites for  good  things,  and  averfions  to  evil-things  : yea, 
the  very  involuntary  motions  of  the  body  tend  to  avoid 
the  evil  and  attain  the  good.  And  the  things  which 
are  perceived  by  our  fenfes,  or  reprefented  by  our  ima- 
gination, fo  neceflarily  affeft  us,  that  we  can  by  no 
means  hinder  ourfelves  from  having  an  appetite  for 

fome,  and  an  averlion  to  others. 

• * . 

* 5.  Yet  frequently  a more  hidden  and  fublime  appe- 
tite exerts  itfelf  in  our  minds : one  that  checks,  con- 
trols, and  exercifes  authority  over  all  the  reft.  For  if 
We  are  convinced,  that  the  things  which  are  pleafant,  0 
are  neverthelefs  hurtful,  the  appetite  for  them  is  over- 
ruled, and  we  find  a defire,,  not  to  enjoy,  bnt  to  avoid 
them. 

6.  In  order  to  explain  thefe  things,  philofophic  men 
fbppofe,  .that  all  the  involuntary  motions  of  the  body, 
are  performed  in  a mechanical  manner,  by  matter  fo 
and  fo  modified  : and  that  fuch  effefts  fpring  of  courfe 
from  fuch  caufes,  according  to  the  ftated  laws  of 
motion. 

- . * *'  • / * v V* 

0 

7.  As  -to  the  fenfes,  they  fuppofe,  that  when  the  or- 
gans of  fenfe  are  ftruck  by  any  of  the  bodies  that  fur- 
round  us,  and  the  motion  caufed  thereby  continued 
through  the  nerves  to  the  brain,  the  foul,  refiding 
there,  is  firitably  affefted ; Cod  having  fo  clofely  con- 

nefted 
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neCted  the  foul  and  the  body,  that  on  certain  motions 
of  the  body,  (if  conveyed  to  the  brain  , by  means  of 
the  nerves)  certain  perceptions  of  the  mind  always 
follow  : as,  on  the  other  hand,  on  certain  perceptions 
of  the  mind,  certain  bodily  motions  follow. 

. 8.  They  fuppofe,  if  thefe  motions,  which  are  by  the 
nerves  communicated  to  the  brain,  continue  thereafter 
the  objects  are  removed,  the  perception  of  thefe  is 
imagination  : which,  if  it  occur  after  it  has  ceafed,  is 
then  ftiled  memory.  Others  fuppofe,  that  imagina- 
tion refults  from  the  motion  of  the  animal  fpirirs, 
through  thofe  traces  which  were  made  in  the  brain, 
while  the  outward  objects  were  prefent ; and  memory, 
from  the  fpirits  moving  through  them  afrelh,  after  fome 
intermiffion. 

" ' • ...  * ■ v * 

9.  Once  more.  They  fuppofe  there  are  two  facul- 
ties in  the  foul ; one  that  is  paflive,  the  underftanding, 

. by  which  it  perceives  all  the  motions  of  the  body,  and 
knows  and  reflects  on  its  own  operations  : the  other 
aCtive  ; the  will,  by  which  we  incline  to  good,  and  are 
averfe  to  evil.  The  affections  are  only,;  the  will  ex- 
erting itfelf  varioufly  on  various  objects. 

10.  To  fpeak  freely  upon  the  matter.  I know  the 
body  of  man  is  contrived  with  fuch  exquifite  wifdom, 

- that  he  is  able,  by  means  of  the  organs  of  fenfe,  to 
perceive  outward  objects  ; to  continue  thofe  percepti- 
ons, to  recal  them  after  they  are  gone,  and  by  a reflex 
aCt,  to  know  what  paffes  in  his  mind  or  body.  But  I 
know  not  how  to  account  for  any  of  thefe  things, 

• ’ *’  . ...  " y * . • * . 

11.  That  the  foul  is  immaterial,  is  clear  from  hence, 

that  it  is  a thinking  fubftance.  If  it  be  faid,  “ God  - J 

can  endue  matter  with  a faculty  of  thinking we 

anfwer,  no  otherwife  than  he  can  endue  a fpirit  with 
folidity  and  extenfion  ; that  is,  he  can  change  fpirit 
into  matter:  and  he  can  change  matter  into  fpirit. 

But  even  the  Almighty  cannot  make  it.  think  while  it 
remains  matter } becaufe  this  implies  a contradiction. 
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12.  The  union  of  the  foul  and  body  is  another  of 
thofe  things  which  human  underftanding  cannot  com-' 
prehend.  That  body  and  fpirit  cannot  be  implicated 
or  twilled  together  like  two  bodily  fubftances,  we  know.. 
But  how  two  fubftances  of  fo  widely  different  natures, 
can  be  joined  at  all,  we  know  not.  All  we  can  tell  is 
this ; God  has  ordered  that  certain  perceptions  in  the- 
foul,  fhould  conftantly  follow  certain  motions  of  the 
body,  and  certain  motions  of  the  body,  fuch  percep- 
tions in  the  foul. 

13.  How  mankind  began,  is  another  point,  which 
is  too,  hard  for  our  reafon  to  determine.  That  men 
always  exifted,  is  no  way  probable,  were  it  only  on 
this  account,  the  late  invention  of  arts.  For  fince  it 
appears,  at  what  time  the  moft  neceffary  arts  were  in-- 
vented,  we  cannot  reafonably  fuppofe,  that  men  began 
to  exift  long  before  that  period : feeing,  if  they  had 
always  exifted,  no  reafon  can  be  given,  why  thefe  and' 
many  more  arts,  were  not  invented  long  before.  And 
yet  the  accounts  given  of  the  origin  of  mankind,  by 
the  wifeft  of  the  heathen  philofophers,  are  fo  above 
meafure  ridiculous,  that  they  ferveas  a melancholy' 
proof  of  the  weaknefs  of  barely  natural  reafon. 

14.  The  fcriptural  account  is.  this  y God  made  the' 
body  of  man  out  of  the  earth,  and.  breathed  into  him 
die  breath  of  life  : not  oply  an  animal  life,  but  a fpi.- 
ritual  principle,  created  to  live  for  ever.  Even  hi? 
body  was  then  perfect  in,  its  kind ; neither  liable  to 
death  nor  pain.  But  what,  the  difference  was,  between 
the  original  and  the  prefent , body,  we  cannot  deter-' 
mine. 

But,  to  form  it,  even  as  it  is  now,  no.lefs  than  a di- 
vine power  was  requifite.'  No  lefs  could  mix  earth, 
water,  air,  and  fire,  in  fo  exaft  a proportion,  and  then 
frame  fo  many  different  parts,  of  fo  various  figure, 
texture  and  magnitude.  ; God  alone  was  able  to  form 
the  original  fibres  ; to  weave  thofe:  fibres  into  hollow 
tubes;  to  dil’pofe  thefe  tubes,  filled  with  their  feverai 
humours  and  varioully  interwoven  with  each  other, 
into  different  organs  ; and  of  thole  organs  connected 
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together  in  a continued  feries  and  due  fituation,  to  finite 
£o  complicated  and  wonderful  a machine  as  the  human 
body. 

- • ♦ -V  -r  • ■.  * * - -l  * 

. - ' . . ‘ -•  • ‘ ^ 

15.  Nothing  was  wanting  now,  hut  that  the  immor- 
tal Spirit  fhould  be  fent  into  its  habitation,  to  bear  the 
image  of  its  Creator,  and  •enjoy' his  glory.  But-  the 

^manner  wherein  this  was  done  we  cannot  tell : this 
knowledge  is,  too  wonderful  for  us.  And  it  is  of  no 
ufe  to  indulge  mere  conjefhjre,"  where  knowledge  is 
.unattainable.  ’ • 

" ’ ' * t * * . * . 

16.  Even  the  prefent  produ&ion  of  the  body  by  ge- 
neration is  what  no  man  can  fully  explain.  But  this 
we  know  : the  female  ovaries,  which  hang  on  each  fide 
the  womb,  contain  abundance  of  fmall  veficles,  filled 
with  a tranfparent  liquor.  Some  fuppoie,  that  each 
.of  thefe  contains,  in  miniature*  all  the  parts  of  a human 

body:;  that  when  one  of  them  is  penetrated  by  the 
male  feed,  it  is  rarified  and  expanded  thereby,  till  it 
breaks  the  membranous  (hell,  and  by  the  fallopian  tube, 
fells  down  into  the  womb.  Here,  being  flightlv  fas- 
tened to  the  fides  of  the  womb,  it  receives  nourifh- 
, xnent  from  the  mother,  till  the  heart  is  formed  and 
begins  to  propel  the  blood*  to  the  extremities  of  the  ftill 
Jncreafing  body.  When  it  is.  come  to  its  full  fize,  by  j 
« rolling  to  and  fro,  it  tears  afunder  the  enclofing  mem- 
branes, and  having  burft  as  it  were  the  prifon-bars,  * 
emerges  into  light.  ^ 

The  firft  thing  that  appears  of  a foetus  is  the  pla-  ‘ 
centa,  like  a little  cloud  on  one  fide  of  the  outer  coat 
of  The  egg.  About  the;  fame  time,  the  fpine  becomes 
vifible  ; .and  a little  .after,  the  brain  and  cerebellum  ap-  • 
pear  like  two  final!  bladders.  Next  the  eyes  (land  pro- 
minent in  the  head  : then  the  pun&um  faliens,  the 
, heart-beating  is  plainly  to  be  feen  ; and  laft  of  all,  the 
extremities:  When  formed,  the  foetus  lying  in  tfie 

rwomb,  isalmoft  of  an  oval  figure.  For  the  head  hangs 
down  with  the  chin  upon  the  breaft.  Its  back  is  round. 
>With  its  arms  it  embraces  the  knees,  which  are  drawn 
up  to  the  belly,  and  its  heels  areclofe  to  the  buttocks. 
Its  head  is  upward,  and  its  face  to  the  nrfother’s  belly. 
.About,  the,  ninth  month,  the  head,  which  till  then  w$s 

lighter, 
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fighter,  becomes  heavier  than  any  other  part'.  In  cotf- 
fequence  of  this,  the  head  falls  down  in  the  liquor  that 
contains  it ; the  feet  get  loofe,  and  the  face  turns  to- 
ward the  mother’s  back-  But  being  now  in  an  uneafy 
pollute,  it  ftruggleS'  and  brings' on  the  mother’s. throes; 

Mr.  Dodart,  nicely  obferving  an  embryo,  one  and 
twenty  days  old,  found  the  placenta  more  than  half  of 
the  whole  ; and  thence  concludes  the  younger  the  em- 
bryo is,  the  larger  is  the  placenta  in  proportion  to  it: 
a plain  reafon,  why  mifcarriages,  though  the  foetus  is 
lefs,  are  more  dangerous  than  regular  deliveries.  For 
though  the  embryo  in  a mifcarriage  makes  a way  fuffi- 
eient  for  itfelf,  it  does  not  make  a*  way  for  fo  larger 
placenta  as  is  to  follow  it. 

The  embryo  rtfelf  was  only  feven  lines  long,  from 
the  top  of  the  head  to  the  bottom  of  the  fpine,  where 
, it  terminated.  The  thighs  were  not  unfolded : they 
: only  appeared  like  two  little  warts  at  the  bottom  of 
the  trunk.  The  arms  made  the  fame  appearance  on 
the  fheulders.  The  head  was  one-third  of  the  whole 
length.  On  this  were  two  fmall  black*  points,  which 
would  have  been  eyes.  . The  mouth  was  very  big  a 
plain  indication  that  it;  fed  thereby.  There  was  no 
eminence  for  the  nofe  p but  two  little,  almoft  imper- 
ceptible pits  for  the  noftrils.u  Always  the  younger  the 
embryo,  the  bigg 
'body.  The  parts 
' in  proportion  to  th 

It  weighed  lefs 
traordinary  lightnefs,  for  a body  feven  lines  long.  It 
was  fo  foft,,  that  no-part  of  it  could  be  touched,  with- 
out making  a change  in  its  figure.  Upon  opening  it, 

Mr.  Dodart  difcovered  the  heart  and  the  right  auricle. 

All  the  other  parts  in  th^  thorax  and  the  lower  belly, 
were  Ample  outlines,  (all  veficular):  except  a part  on 
‘ the  left  fide,  probably  the  fpleen. 

Some  fuppofe,  that  millions  of  animalcula  fwim  in 
; the  feed  of  male  animals,  which  are  fo  many  embryos* 
for  wlltch  a receptacle  only  is  provided  in  the  eggs  of;  ,;  . 
the  female.  But  all  agree,  that  either  the  male  feed,  v \ 
or  the  female  egg,  contains  all  the  parts  of  the  body  ; 
fo  that  generation  is  no  more  than  the  growth  or  un- 
folding 


?r  the  head  is,  m proportion  to  the 
nearer  the  head  afe  likewife  bigger* 
e reft.  ' 

than  feven  grains,  which  is  an  ex- 
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folding  of  the  parts  there  delineated.  But  how  thofe 
feeds,  whether  male  or  female,  are  elaborated  and  pre- 
pared, abundantly  tranfcends  the  higheft  reach  of  hu- 
I ' man  underftanding. 

If  the  animalcula,  of  which  all  animals  are  formed, 
are  originally  in  the  male,  yet  they  never  can  be  formed 
into  animals,  without  the  egg  of  the  female. 

: That  all  animals  fpring  from  animalcula,  feems  pro- 

bable from  the  following  confiderations  » 

• . , , 

1.  That  fomething  may  be  obferved  in  the  tread  of 
an  egg,  even  before  incubation,  like  the  rudiments  of 
an  animal  in  form  of  a tadpole.  , 

• < * * * • . " * ' ';*• 

2.  That  afteT  incubation,  all  the  parts  of  the  ani- 

mal fuddenly  appear,  the  (lamina,  which  exifted  be- 
fore,  being  then  expanded.  After  three  days  incuba- 
tion, the  pun&um-faliens  of  a chick  is  difcovered  by 
the  naked  eye.  On  the  fifth  day,  the  rudiments  of  the 
head  and  body  appear,  which  were  before  difcernable 
by  glafles.  After  thirty  hours,  we  fee  the  head,  the 
eyes,  the  heart,  arid  the  carina,  with  the  vertebras  dif- 
tin<ft.  And  by  glaffes  we  fee  all  thofe  parts,  after 
forty  hours,  which  the  naked  eye  cannot  difcern  till 
the  fifth  day.  ; Whence  it  is  probable,  that  even  the 
firll  difcovery  of  them  by  the  microfcope,  is  not  the 
difcovery  of  the  parts  newly  formed,  but  of  thofe  that 
exifted  before  incubation,  though  not  then  dilated 
enough  to  be  vifible.  s ' 

3.  That  there  is  a near  analogy  between  animals  and 

plants.  Now  we  know,  the  feeds  of  thefe  are  only 
little  plants,  folded  up  in  membranes.  Hence  we  may 
eafily  infer,  that  animals  proceed  from  animalcula 
folded  op,  till  they  are  gradually  enlarged  and  un- 
folded. • s 

. i And  that  thefe  animalcula  are  originally  in  the  feed 

of  the  male,  is  probable.  For  1.  Numberlefs  animal- 
• cula  are  obferved  in  the  feed  of  animals.  2.  We  ob- 
- ferve  the  rudiments  of  a foetus  m eggs  fecundated  by 
the  male,  but  not  in  others.  3.  The  rudiments  in  the 
egg,  both  before  and  after  incubation,  exactly  refem- 
<.  ble 
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We  the  animalcula  in  the  feed.  4.  *11115  give*  .a  ra* 
tional  account  of  many  fcetufes  at  one  birth,  efpecially 
that  of  the  Countefs  of  Holland.-  It  accounts  alfo 
for  a whole  clufter  of  eggs  in  a hen,  being  fecundated 
at  once.  5.  -This  beft  fuits  the  analogy  between  ani- 
mals and  plants.  Every  herb  and  tree  bears  its  own 
feed  j and  a little  plant  of  the  fame  kind,  which  being 
thrown  into  the  womb  of  the  earth,  fpreads  forth  its 
root  and  receives  its  nourifhment  from  the  earth,  but 
has  its  form  within  itfelf. 

Yet,  that  no  animal  can  be  formed  without  the  egg' 
of  the  female,  is  evinced  by  the  following  confidera- 
tions.  • 

1.  No  animalcula  can  some  forward,,  if  it  do  not 
fall  into  a proper  nidus.  So  though  a thoufand  ftouicf 
fall  into  one  egg,  none  of  them  would  come  forward, 
but  that  which  was  in  the  very  centre  of  the  cicatri- 
cula,  or  tread.  And  perhaps  the  nidus  neceflary  for 
their  formation  is  fo  proportioned  to  their  bulk,  that  it 
can  hardly  contain  more  than  one  animalcula.  This- 
is  certainly  the  cafe  in  oviparous  kinds.  And  all  the 
difference  between  the  viviparous'  and  the  oviparous  is, 
that  in  the  former,  the  egg  is  nothing  but  the  cicatri- 
cula  with  its  yolk : fo  that  the  foetus  muft  draw  its 
nourifhment  from  the  womb.  Whereas,  in  the  ovi- 
parous, the  egg  itfelf,  is  a kind  of  womb,  containing  . 
all  that  is  needful  for  the  animal,  till  it  is  hatched,.. 

2.  It  is  acknowledged,  that  the  foetus  in  the  womfiy 
is  not  connected  with  it,  for  a confiderable  time  after 
conception  i that  it  is  wholly  loofe  from  it,  and  is  only 

. a little  round  egg,  with  the  embryo  ixvthe  midft,  which- 
fends  forth  its  umbilical  veflels  by  degrees,  and  at  lafl 
lays  hold  on  the  womb.  Hence  it  is  plain,  that  the 
cicatricula,  which  nourifbes  the  animalcula,  does  not 
fpring  from  the  womb,  but  only  falls  into  it,  as  a fit- 
foil,  whence  it  may  draw  nourifhment  for  the  foetus. 

Yet  there  is- a difficulty  which  prefles  equally  on thofe, 
who  fuppofe  the  animal  to  fpring  either  from  the  male  ' 
or  female  parent..  It  is  the  cafe  of  monfters.  In  a. 
mule,  for  inftance  i thq  body  is  of  the  form  of  the 
mare  : whereas  the  feet,  the  tail,  and  the  ears,  refera- 
ble thofe  of  its  fire.  If  the  male  fupplied  the  animal- 
cula,. 
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cula,  one  would  imagine  the  foetus  fhould  always  be  of 
the  fame  fpecies  with  the  male.  If  the  female,  it 
fhould  be  of  her  kind  ; whereas  monfters  are  of  both  : 
as  if  the  main  part  of  the  animal  lay  in  the  egg,  and 
the  impregnation  only  conveyed  or  changed  the  extre- 
mities. 

Yet,  that  fome  animals  firft  exift,  not  in  the  feed  of 
* the  male,  but  wholly  in  the  egg  of  the  female*  unde- 
niably appears  from  the  cafe  of  frogs  and  toads.  ( And 
„ why  may-it  not  be  the  fame  thing  with  other  animals  ?) 
The  eggs  of  thefe  are  not  impregnated  by  the  male, 
till  they  iffue  from  the  womb.  It  is  while  they  are 
ejefted,  that  he  fecundates  them  with  his  feminal  li- 
quor. And  there  is  no  circumftance,  by  which  the 
fecundated  egg  can  be  known  from  the  unfecundated. 

It  appears  therefore,  that  tadpoles  exift  before  fecun- 
dation. For  the  unfecundated  eggs  do  not  differ  in  * 
the  leaft  from  thofe  that  are  fecundated.  But  thefe  are 
only  tadpoles  coiled  up.  Such,  therefore,  are  the  un- 
fecundated tadpoles:  they  exift  before  fecundation; 
^only  they  cannot  unfold  themfelves  without  the  liquid 
©f  the  male.  Frogs  then  fhould  not  be  placed  among 
oviparous  animals,  but  among  viviparous  s if  they  do 
not  rather  conftitute  a clafs  between  both.  Thus  ma- 
ture feems  to  delight  in  diverfifying  the  modes  of  ani- 
mal generation. 

This  may  be  the  cafe  with  regard  to  one,  or  perhaps 
a few  fpecies  of  animals.  But,  in  general,  where  to  1 
place  the  pre-exiftent  animal  or  embryo,  in  theanimal- 
cula  or  the  egg,  is  ftill  the  queftion.  A divifion  of 
vital,  eflential,  and  original  ftamina,  is  impoffible.  i 
Yet  innumerable  inftances  in  monfters,  mules,  and 
many  natural  fubjedls,  concur  to  prove,  that  the  young 
partakes  of  the  nature  and  qualities  of  both  the  pa- 
rents, even  to  their  defeats  and  (Jifeafes,  which  are  of- 
ten hereditary.  How  then  can  we  fuppofe  unalterable 
ftamina  ? Can  the  vifible  fpecies  of  any  produ&ion  be 
determined  by  them,  if  every  fenfible  quality  may  be 
influenced  indifcriminately  by  either  parent. 

^Jf  they  are  placed  in  the  animalcula  or  the  egg,  how 
ate  they  tranijnitted  ? If  in  the  animalcula,  why  is 

th* 


*--iw ngg 


( 140  j 

* the  procefs  attended  with  fo  vaft  an  expense,  (o  great 
a wade  of  millions  of  entities,  each  containing*  a fe^ 
ries.  of  the  mod  perfedt,  and  moft  wonderful  produc- 
tions, when  one  only  of  thefe  millions  is  to  take  place  ? 
And  how  are  thefe  animals  generated  ? If  in  the  com- 
mon way,. not  only  the  procels  will  be  boundlefs,  (thefe 
in  their  feed  will  have  others,  and  fo  on  in  an  endlefs 
feries  ;)  but  they  cannot  then  be  unalterable,  becaufe 
they  are  capable  of  being  generated*  Further,  if  they* 
float  in  the  air,  or  lie  hid  in  the  food,,  how  is  it  that 
the  ftamina  of  one  fpecies  does  not  fometimes  mlinuate 
themfelves  into  a parent  of  another  fpecies  ? Or  if  they 
are  excluded,  by  proper  drainers,  in  diftant  fpecies, 
they  cannot  be  fo  in  thofe  that  are  near  a-kin.  For  if^ 
the  fpermatic  animal,  which  in  the  matrix  of  a mare* 
produces  a horfe',  is  yet  fo  fitted  to  that  of  an  afs>  that 
it  can  poffefs  a cellule  there,  exclufive  of  every  other, 
which  (hews  an  exadl  co-aptitude  ; certainly  the  fame 
animal,  if  contained  in  food  or  air,  common  to  both 
horfe  and  afs,  might  pafs  indifcriminately  the  drainers 
of  either  : and  fo  we  might  have  mules  without  the 
promifeuous  congrefs.of  the  two  fpecies.- 

In  another  view,  if  we  confider  the  extreme  tenuity 
of  one  of  thefe  damina,  in  its  fird  origin  at  the  didance 
. of  many  ages,  compared  to  the  fmalled  fibre  of  the 
animal  it  is  faid  to  conditute:  can  fo  minute  a fila- 
ment ferve  as  a fubdratum  for  a cylinder,  compara- 
tively immenfe  ? Can  the' terraqueous  globe  derive  its 
prelent  dimenfions,  from  the  dilatation  of  an  atom? 
Such  is  as  mnfcular  fibre  in  its  prefent  date,,  compared 
to  what  it  was  in  its  origin.  Confequently,  what  mull  . 
have  been  the  increafe  of  extraneous  matter,  either  by 
appofition  or  incorporation,  which  is  now  as  much  a 
part  of  the  fibres  as  the  original  ftamen  ? And  if  thus 
much  can  be  mechanically  aOimilated,  why  not  the 
whole  formed  by  mechanical  caufes  ? Or  why  mud  fo* 
mfignificant  a part  of  it,  be  fuppofed  to  be  concreated 
with  the  univerfe  V 

. y :i  i - * . . 

The  difficulty  ftillincreafes  immenfely,  if  we  look 
into  the  vegetation  of  plants,  and  the  wonderful  re- 
production of  the  parts  of  the  polypus,  lobfters,  and 

many 
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many  other  animals.  The  original  (lamina,  how  mi- 
nute foever,  .queftionlefs,  are  diffufed  through  the 
whole  production  : fince  in  this  fyftem  all  animal  and 
vegetable  growth  is  made  by  developement  only.  But 
if  diffufed,  then  fome  or  all  may  be  loft  by  fucceffive 
bife&ion.  And  if  loft,  how  can  they  be  re-produced  ? 
If  re-produced,  how  were  they  confecrated  with  the 
univerfe  ? Thefe  and  a thoufand  other  difficulties  can 
in  no  wife  be  evaded,  but  by  multiplying  fuppolition 
on  fuppofition,  which  renders  the  hypothefis  fo  com- 
plex, as  utterly  contradicts  the  ordinary  procefs  of 
nature. 

It  is.  more  reafonable  to  fay,  that  lb  many  fecretory 
duCts,  fo  many  drainers,  fo  many  preparatory  veffels 
in  animals,  and  fucha  curious  difpofition  in  plants,  for 
the  continuation  of  every  fpecies,  imply  a digeftion, 
fecretion,  and  preparation  of  principles,  invariably  pro- 
ductive of  every  individual,  when  they  fall  into-  their 
refpeCtive  matrixes,  and  find  aliment  proper  to  affimi- 
late.  Are  not  thefe  principles  contained  in  the  nourifh- 
ment  taken  by  the  parent  plant  or  animal,  the  fame 
that  continually  vegetate  in  it,  and  increafe  it  till  it  is 
adult,  then  exuberate,  while  it  is  by  new  preparations 
fitted,  invariably  to  propagate  its  kind  ? Elfe  why  this 
digeftion  ? Why  this  fecretion  ? Why  fo  many  drainers, 
receivers,  duCts  and  valves  ? And  why  is  fome  food 
more  productive  of  thefe  principles  than  others  ? 

And  if  every  piixt  body  is  made  up  by  the  combi- 
nation of  certain  principles,  we  cannot  doubt,  but  God 
may  have  eftabliffied  forces  in  nature,  by  which  fuch 
principles  may  in  certain  circumftances,  be  invariably 
united,  without  any  danger  of  deviating,  fo  as  to  reni 
der  generation  equivocal.  And  if  every  production  in 
queftion  is  a mixt  body,  we  know  that  how  various 
foever  they  are,  a fmall  number  of  principles  dif- 
ferently combined,  will  yield  variety  enough  to  pro- 
duce them  all.  Thus  we  reduce  nature  to  what  it  is 
ever  found  to  be,  fimple  in  the  beginning  of  its  courfe, 
but  afterwards,  when. it  is  diftributed,  magnificent  be- 
yond expreffion.  ; 

Modern  naturalifts  all  agree,  that  every  plant  pro- 
ceeds from  its  fpeeific  feed  ? every  animal  from  art 
egg,  or  fomething  analogous,  pre-exifting  in  its  parent. 

But 
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But  what  do  we  mean  by  feeds  and  eggs  ? Thefein  the  . 
common  fenfe  of  the  words,  are  certain  mixt  bodies, 
that  immediately  fumifh  thofe  productions.  They  are 
faid  to  contain  not  only  the  pre-exiftent  germ,  but  the 
. fit  nidus  alfo,  and  aliment  to  be  affimilated  in  proper 
circum  (lances.  They  are  therefore  heterogeneous  bo- 
dies, that  coalefein  a known  time.  And  their  princil 
pies  are  fo  far  from  being  united  at  the  creation,  that 
they  fenfibly  come  together  from  diftant  places,  in  all 
hermaphrodite  plants,  and  from  different  individuals 
in  all  thofe  fpecies,  where  the  male  and  female  are 
■ diftindl. 

But  it  is  in  vain  for  us  to  lay  down  any  certain  rule, 
and  to  fay  to  nature,  “ This  is  thy  fcheme ; from  this 
thou  (halt  not  deviate.”  If  (he  makes  it  a law  in  many 
fpecies,  that  every  individual  requires  the  co-operation 
of  a male  and  female  parent ; (he  has,  at  the  fame 
time,  her  hermaphrodites,  both  in  plants  and  animals. 
And  if  in  fome  hermaphrodites,  the  fexes  are  fo  dif- 
tinCt,  that  fhe  feems  not  to  deviate  far  from  her  - pri- 
mitive law ; fhe  will,  in  another  inflance,  that  of  the 
pucerons,  aCl  either  with  or  without  the  co-operation, 
of  a male.  Again : in  fome  fpecies,  the  female  may 
be  fo  impregnated,  that  the  impregnation  fhall  diffufe 
ltfelf  to  five  or  fix  generations.  Yet  again:  in  many 
kinds  of  polypes,  generation  proceeds  without  male  or 
female,  egg  or  feed.  And  farther  flill ; there  are 
fome  fpecies  of  polypes,  where  a whole  family,  (after 
branching  out  by  real  vegetation,  as  far  as  nature  de- 
figns)  jointly  concur  to  fumifh  one  egg,  as  the  fource 
of  a future  progeny.  If  at  laft  you  refolve  to  (land 
by  this,  that  at  leaft  every  individual  proceeds  from  a 
parent  like  itfelf, ; even  this  is  overthrown  by  late  ex- 
periments. For  we  have  now  a cloud  of  infiances,  of 
a clafs  of  beings  hitherto  unknown,  wherein  animals  . 
grow  upon,  are  produced  hy,  and  in  the  firi&eft  fenfe 
of-  the  word,  brought  forth  from  plants.  Then*  by  a 
ftrange  viciffitude,  they  become  plants  of  another  kinds 
Thefe  again  become  animals  of  another,  and  thus  on, 
for  a feries  farther  than  the  utmoft  power  of  glaffescan 
carry  the  moft  inquifitive  obferver. 
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And  as  to  the  animalcula  fuppofed  to  be,  dlfcovered 
in  the  male  feed,  the  microfcope  difc  overs  the  fame  in 
the  feminal  liquor  of  females.  Probably  neither  the 
-one,  nor  the  other  are  real  animals,  but  only'  inani- 
mate particles  in  ftrong  fermentation. 
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1.  The  general  Difference  of  Men  and  Beajls%  as  to  the 
Stru&ure  and  Pojlure  of  the  Body. 

' 2.  Their  Agreement* 

3*  Their  Agreement  and  Difagreement , as  to  the  Head  and 
Brain . 

4*  The  Heart  and  Lungs . 

5.  The  Eyes . , 

6.  The  Ears , Nofe,  Teeth. 

7.  The  Windpipe* 

8.  The  Vegetative  and  Serfitive  Motions  in  Brutes % 

9i‘  Of  the  Soul  of  Brutes . 

10.  0/*  fome  particular  Sorts  of  Beajls. 

1 1.  Some  general  RejleBionss 

• 

1.  "fc^TEXT  to  man  inthevifible  creation  are  beafts. 

X\l  ———And  certainly,  with  regard  to  the 
ftru&ure  of  the  body,  the  difference  is  not  extremely 
great,  between  man  and  other  animals.  Only  in  this, 
that  the  ftature  of  man  is  err^l,  and  his  form;  more 
elegant ; that  no  beaffi  has  the  feet  of  a mam  much 
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left  a hand,  fo  admirably  fitted  for  every  purpofe : 
and  laftly,  that  no  other  animal  has  a brain,  fo.  large 
in  proportion  to  its  bulk  as  man.  Concerning  the 
prone  pofture  of  their  body  we  may:  obferve  two 
things ; the  parts  miniftring  thereto,  and  the  ufe 
thereof. 

I.  As  to  the  parts,  it  is  obfervable,  that  in  all  thefe 
creatures,  the  legs  are  made  exadtly  conformable  to 
their  pofture,  as  thole  of  man  are  to  his  pofture : and 
farther,  that  the  legs  and  feet  are  always  admirably 
fuited  to  the  motion  and  exercife  of  each  animal.  In 
fome  they  are  made  for  ftrength,  to  fupport  a vail  un- 
wieldy body  : as  in  the  elephant,  which  being  a crea- 
ture of  fuch  prodigious  weight,  has  its  legs  accord- 
ingly made  like  pillars.  In  others,  they  are  made  for 
agility  and  fwiftnefs.  - So  deers,  hares,  and  feveral 
other  creatures,  have  their  legs  very  {lender,  but  ftrong 
withal,  and  every  way  adapted  for  quick  motion.  In 
fome,  they  are  formed  only  for  walking  and'running ; 
in  others*  for  fwimming  too.  Thus  in  the  feet  of  the 
otter,  the  toes  are  all  conjoined  with  membranes,  qs 
they  are  in  geefe  and  ducks.  And  in  fwimming  it  is 
obfervable,  that  when  the  foot  goes  forward  in  the 
water,  the  toes  are  clofe ; but  when  backward  they  are 
ipread  out : whereby  they  more  forcibly  ftrike  the  wa- 
ter, and  drive  themfelves  forward.  In  others,  as 
moles,  they  are  made  for  walking  and  digging : and 
in  others,  for  walking  and  flying  *.  In  fome  they  ^re 
made  more  weak,  for  the  plainer  lands ; in  others,  ftiff 
and  lefs  flexible,  f for  traverfing  ice  and  dangerous 
precipices.  In  fome  they  are  fhod  with  rough  and  hard  . 
hoofs,  in  others  with  only  a callous  {kin  %.  In  the  lat- 

ter, 

* The  membranous  wings  of  a bat  are  a prodigious  deviation 
from  nature’s  ordinary  way.  And  so  is  the  Virginian  flying 
squirrel ; whose  skin  is  extended,  in  the  nature  of  wings,  be- 
tween its  fore-legs  and  body. 

f The  elks  have  legs  so  stiff  and  flexible,  that  they  run  on  ice  - 
without'  slipping^  And  this  is  the  way  they  take  in  winter,  to’ 
save  themselves  from  the  wolves. 

$ The  goat,  which  generally  dwells  on  mountains  and  rocks, 
and  delights  to>  walk  on  narrow  ridges,  and  to  take  great  and 
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ter,  the  feet  are  compofed  of  toes  : fome  fliort,  barely 
for  going  ; fome  long,  to  fupply  the  place  of  a hand  ; 
fome  armed  with  long  and  ftrong  talons,  to  catch,  hold' 
and  tear  the  prey  ; and  fome  fenced  only  with  fhort  . 
nails,  t©  confirm  the  fteps  in  running  and  walking. 

II.  1.  As  the  pofture  of  man’s  body  is  the  fitted  for 
a rational  animal,  fo  is  the  prone  pofture  of  beafts,  the 
moft  ufeful  to  themfelves,  and  the  moft  fit  for  the  fer- 
vice  they  perform  to  man. 

'2.  But  there  is  a wonderful  agreement  between  the 
bodies  of  men  and  beafts,  not  only  with  regard  to  the 
ftrudture,  but  alfo  the  ufe  of  the  feveral  parts.  How 
they  differ,  will  be  mentioned  hereafter. 

3.  The  brain  in  them  is  of  nearly  the  fame  ftrudure 
and  confidence  as  in  man,  and  undoubtedly -performs 
the  fame  office,  fecreting  the  animal  fpirits  (if  fuch 
there  be)  in  order  to  fenfation  and  mufcular  motion  in, 
every  part  of  the  body.-  ’ The  cerebellum  is  nearly  of 
the  fame  fhape  in  all.  But  the  fhape  of  the  brain  ne- 
ceffarily  varies  according  to  that  of  the  head. 

It  is  remarkable,  that  in  man  the  head  is  of  one 
fingle  form  : whereas  in  the  four-footed  race  it  is  as 
various  as  their  fpecies.  It  is  in  fome,  fquare  and' 
large,  fuitable  to  their  food,  abode,  and  flow  motion:  . 
in  others,  it  is  fmall,  (lender  and  (harp,  agreeable  to 
their  fwifter  motion,  or  to  make  way  to  their  food,  or 
habitation  under  ground.  And  as  to  the  brain  con- 
tained therein,  how  fmall  is  it  in  beafts,  in  proportion 
to  what  it  is  in  man ! Another  thing  no  left  remarkable 
is,  the  fituation  of  the  brain  and  the  cerebellum.  As 
God  has  given  to  man  a lofty- countenance,  and  has 
lodged  in  his  brain  an  immortal  foul,  to  behold  and 
contemplate  heavenly  things,  fo  as  his  face  is  ered,  his 
brain  is  fet  in  a higher  place,  above  the  cerebellum  and 
all  the  fenfories.  But  in  brutes,  whofe  face  is  prone 
to  the  earth,  and  who  are  not  capable  of  fpeculation, 

• Vol.  I.  - G the 

seemingly  dangerous  leaps,  has  the  joints  of  the  legs  remarkably 
stiff  and  strong.  Likewise  the  hoef  is  hollow  underneath,  and 
\ts  edges  sharp. 
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the  cereblleum,  which  minifters  merely  vto  animal  life,' 
is  placed  above  the  brain.  Alfo  fome  of  the  organs 
of  fenfe,  are  placed,  if  not  above  the  brain,  at  leafton 
a level  therewith. 

Another  very  great  inconvenience  in  this  polition  of 
the  brain  and  cerebellum  is,  in  the  head  of  man,  the 
bafe  of  the  brain  and  cerebellum,  yea  of  the  whole 
fcull,  is  fet  parallel  to  the  horizons  by  which  means 
there  is  the  lefs  danger  of  the  two  brains  joggling  or 
flipping  out  of  the  place.  But  in  beafts,  whofe  heads 
hang  down,  the  bafe  of  the  fcull  makes  a bright  angle 
with  the  horizon.  By  which  means  the  brain  is  be- 
neath, and  the  cerebellum  above.  And  left  the  cere- 
bellum lhould  hereby  be  liable  to  frequent  concuffions, 
an  admirable  provifion  is  made,  by  that  ftrong  mem- 
brane, the  dura  mater,  clofely  encompaffing  it.  Be- 
fide  this,  it  is  guarded  in  fome  fpecies  with  a ftrong 
bony  fence.  -In  the  hare,  the  coney,  and  feveral  others, 

3 part  of  the  cerebellum  is  on  each  fide  within  the  os 
petrofum.  So  that  its  whole  mafs  is,  by  this  double 
(lay,  firmly  contained  within  the  fcull. 

4.  The  heart  and  lungs  in  heafts  are  of  the  fame 
ftrudture,  with  the  fame  apparatus  of  veins  and  arte- 
ries, as  in  men.  We  cannot  therefore  doubt  but  the 
bipod  circulates  in  them,  and  nutrition  is  performed  as 
in  us.  Their  food  alfo  being  diflolved  in  the  ftomach, 
is  conveyed  by  the  la&eals  to  the  receptacle  of  the 
.chyle.  To  the  fore-part  of  this,  (in  men  the  upper 
part)  joins  the  thoracic  dudt,  which  extending  through 
the  length  of  the  thorax,  ends  in  the  vein,  called  in 
beads,  crurajis  anterior.  The  remaining  part  of  the 
circulation  is  performed  in  them,  as  in  men. 

But  fome  beafts  have  more  ftomachs  than  one.  And 
fome  have  the  peculiar  property  of  chewing  the  cud. 
The  food,  after  it  has  been  fwallowed,  is  returned  to 
the  mouth,  where  it  is  chewed  over  again  at  leifure. 

Not  that  this  is  altogether  peculiar  to  beads.  There 
have  been  inftances  of  men  who  had  this  property.  Dr.  • 
Slare  gives  us  a particular  account  of  one  whom  he 
knew  at  Briftol.  “ He  begins,”  fays  he,  " to  chew  his 
meat  over  again,  within  a quarter  of  an  hour  after 
meals.  This  chewing,  after  a full  meal,  lafts  an  hour 

and 
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and  a half.  If  he  goes  to  bed  foon  after  a meal,  he 
cannot  deep,  till  the  ufual  time  of  chewing  be  over/ 
The  victuals  returned,  tafte  more  pleafantly  than  they 
did  at  firft.  Bread,  fleftij  cheefe  and  drink,  are  of 
much  fuch  a colour,  as  they  would  be,  if  mixt  toge- 
ther in  a mortar.  His  vidtuals  lie  heavy  on  his  fto-, 
mach,  till  they  have  pafled  this  fecond  chewing.  He 
was  thus  ever  fince  he  can  remember.  His  father  does 
the  fame,  but  in  fmall  quantities.” — What  a mercy  is 
it,  that  we  have  not  more  fuch  inftances ! For  how* 
much  of  our  precious  time  would  it  confume ! 

5.  The  fituation,  number,  and  conformation  of  the 
eyes  in  various  animals,  is  wonderfully  adapted  to  their 
various  circumftances.  In  feveral,  the  eye  looks  chiefly 
forward,  but  fo  as  to  take  in  nearly  the  hemifphere  be- 
fore it.  In  others,  the  eyes  are  fo  placed,  as  to  take 
in  nearly  a whole  fphere.  In  fome,  they  are  fo  fixt  as 
to  look  chiefly  behind,  fo  that  they  fee  their  enemy 
following  them.  So  in  rabbits  and  hares : whereas  in 
dogs  they  are  more  forward,  to  look  after  their  prey. 

Generally  the  head  is  moveable  for  the  fake  of  the 
eyes,  and  the  eyes  themfelves  moveable  every  way. 
Where  it  is  not  fo,  other  expedients  are  found,  to  an- 
fwer  the  fame  end.  Thus  in  fome  creatures,  the  eyes 
are  fet  at  a diftance  from  the  head,  to  be  moved  this 
way  or  that ; as  in  fnails,  whofe  eyes  are  fixed  to  the 
end  of  their  horns,  or  rather  of  the  optic  nerves  which 
are  fheathed  therein.  In  other  creatures,  whofe  heads 
and  eyes  are  immoveable,  this  is  made  up  by  the  num- 
ber of  eyes.  So  fpiders,  which  cannot  move  their 
head,  have  four,  fix,  or  eight  eyes,  all  placed  in  the 
front  of  the  head,  (which  is  round)  like  a locket  of 
diamonds. 

Many  animals  have  mufcles  to  move  the  eye,  and 
obvert  it  to  the  objedt.  Fifties  have  none ; but  for 
amends,  they  have  many  little  protuberances  finely 
ranged  on  their  large,  bulging  eyes  ; by  which  num- 
berlefs  rays  of  light  are  defledied  from  objedts  above, 
beneath,  and  on  either  fide.  Yea,  fome  hundreds  of 
thefe  protuberances  are  curioufly  ranged  on  the  convex 
eye  of  a flefti-fly.  • ' ' 
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fSgorpions  have  above  a hundred  *yes ; -an  ephe- . 
meron-fly  full  two  thaufand. 

In  other  creatures,  which  have  only  two  eyes,  the, 
want  of  motion  thereby  is  lupplied,  by  their  eyes  pro- 
tuberating  into  hemispheres,  each  being  a vaft  number 
gf  fegments  of  a fphere. 

The  eyes  of  a cameleon  refemble  a convex  glafs  fet 
in  a round  focket,  which  he  turns  backward  and  for- 
ward without  ftirring  the  head,  and  commonly  one  n 
contrary  way  to  the  other.  ♦ 

Laftly>  moles  living  under  ground,  have  not  fo  much 
need  of  eyes  as  other  creatures.  Yet  they  have  eyes, 
but  exceeding  fmall,  farrimthe  head,  and  covered  with 
ftrong  hair.  When  they  are  above  ground  they  can 
put  them  forth  beyond  the  ikin,  and  draw  them  . back 
at  pleafure. 

Another  circumftance,  relative  to  the  eye,;  is  highly 
remarkable.  As  we  ufe  various  apertures  to  our  optic 
- glaffes,  fo  nature  has  made  a far  more  complete  pro- 
vifion,  to  admit  enough,  and  not  top  much  light,  into 
the  eyes  of  animals,  by  the  dilatation  and  contra&ion 
of  the  pupil.  And  this,  Jn  divers  animals  of  divers 
forms,  Js  according  to  their  peculiar  occafions.  In 
foipe  it  is  round, . particularly  in  man,  that  being  the 
moft  proper  figure,  for  the  pofition  of  our  eyes,  and 
the  ufe  we  make  of  them,  both  by  day  and  night.  In 
fome  animals  it  is  of  a lopgifh  form,  in  fome  tranf- 
vepfe,  withits  aperture  large,  (an  admirable  provifion 
for  their  feeing  fide- ways’)  and  thereby  avoiding  many 
inconveniences,  as  well  as  a help  for  gathering  their 
food  on  the  ground,  whether  .by  day  or  night.  In 
' others,  that  aperture  is.eredt,  artfialfo  capable  of  open- 
ing wide  and  fliutting  dole*.  The  latter  ferves  to  ex- 
clude the  bright  light  of  the  day,  the  former  to  take 
in  the  faint  rays  or; the  night  : thereby  .enabling  them 
to  fee  and  catch  their  prey,  when  there  is  no  light  dif- 
cemable  to  us. 

Thus  cats  can  fp  clofe, their  pupil,  as  to  admit  but  a 
fingle  ray  of  light. . And  again,  by  throwing  all  open, 
^ they  can  take  in  all  the  fainteft  rays  : which  is  an  in- 
comparable provifion  for  creatures  that  have  occafion 
. to  watch  their  prey  both  by  day  and  night. 


But 
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But  befide  this,  ih  cats  and  other  nodturttai  animal^ 
there  is  a fort  of  carpet  at  the  bottom  of  the  eye,  which 
gives  a kind  of  radiation  on  the  pupil,  thereby  enabling 
them  to  fee  in  the  dark*.  yj 

To  preferve  this' tender  organ,  many  creatures  have 
a membrane,  which  is  not  commonly  perceived,  where- 
with they  can  at  pleafure  cover  the  eye,  without  too 
much  hindering  the  fight ; being  both  tranfparent  and 
ftrong,  fo  that  it  is  a kind  of  moveable  cornea* 

Providence  is  confpicuousr  in  farnifhiiig  frogs  with 
this.  For  as  they  live  in  watry  places,  which  gene* 
rally  abound  in  plants  that  have  fharp  edges  or  points ; 
and  as  the  frog  goes  on,  not  by  walking  but  by  leap* 
ing,  if  he  wer6  not  fo  furnifiied*  he  muft  either  (hut 
his  eyes,  and  fo  leap  blindfold,  or  run  many  rifques  by 
leaving  them  open.  But  this  membrane  guards  the 
eyes,  without  blinding  him.  And  as  foon  as  the  occa* 
fion  for  it 'is  over,  he  draws  ifback  into  a little  cell. — 1 
Many  * birds  alfo,/  as  they  muft  fly' between  trees  and 
bufhes,  are  provided  with  the  fame  membrane.  And- 
fo  is  the- rein-deer*- 

, 6.  The  comparative  anatomy  of  the  ear,  yield# 
abundant  inftances  of  the  Creator’s  wifdom.  In  birds 
the  outward  ear  is  clofe  and  covered,  not  protuberant, 
as  that  would  obftrudt  their  flight.  In  bealls,  its  form 
is  agreeable  to  the  pofture  and  motion  of  the  body,  but 
" admirably  varied  in  the  feveral  fpecies,  according  to 
their  various  occafions.  In  feme, -as  the  hare,  it  is 
large  , open,  and  eredt : by  which  means  that  timorous,  • 
helplefs  creature,  is  warned  of  the  leaft  approach  of 
danger.  In  others,  it  is  covered  to  keep  out  noxious 
bodies.  In  thofe  which  are  forced  to  mine  and  dig  for 
their  habitation*  it  is  fhert,  and  lodged  deep  and  back- 
ward in  the  head.  Thus  moles  have  no  auricle  at  all  y 
but  only  aground  hole,  between  the  neck  and  fhoul-' 
der.  And  this  is  clofed  with  a little  1km,  which  opens 

' and  (huts  like  an  eye-lid. -The  fea-ealf  alfo,  as  well 

as  lizards,  and  ferpents  have  no  outward  ear.  And* 
the  tortoife,  with  moft  kinds  of  fifties,  have  the paflage 
quite  covered  over. 

Blit  among  all  the  varieties  in  the  ftrufture  of  this : 
organ,  none  are  more  remarkable  than  thofe  of  the 

paflage 
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paffage  into  the  os  petrofum.  In  an  owl,  which 
perches  upon  a tree  or  beam,  and  hearkens  after  the 
prey  beneath  her,  it  comes  farther  out  above  than  be- 
low, for  the  better  reception  of  founds  from  beneath. 
In  a fox,  which  fcouts  under/the  prey  at  rooft,  it  comes 
farther  out  below  than  above.  In  a pole-cat,  which 
hearkens  draight  forward,  it  is  produced  behind,  for 
the  taking  a forward  found.  Whereas  a hare,  whofe 
enemy  comes  behind,  is  fupplied  with  a bony  circle, 
directed  backward  : by  means  of  which  fhe  receives 
didindtly  the  fmalleft  found  which  comes  that  way. 

The  more  accurate  the  fenfe  of  fmelling  is  in  any 
creature,  the  longer  are  the  laminae  in  the  noftrils,  and 
the  more  in  number,  folded  up,  and  crowded  toge- 
ther, to  contain  more  nervous  filaments,  and  to  detain 
the  odoriferous  particles,  in  their  windings  and  turn- 
ings. An  admirable  provifion  this,  for  the  good  of 
many  creatures,  the  chief  adts  of  whofe  lives  are  per- 
formed by  the  mini  dry  of  this  fenfe.  In  infedts  and 
many  other  creatures  it  is  of  great  ufe,  in  helping  them 
to  proper  places  for  hatching  their  eggs,  and  breeding 
up  their  young.  And  mod  irrational  animals,  beads, 
birds  and  reptiles,  do  by  their  fmell  find  out  their  food. 
With  what  fagacity  do  fome  of  them  difcover  it,  in 
the  midd  of  mud  and  dirt  ? How  curioufly  do  others 
pick  and  chufe  fuch  plants  as  afford  them  wholefome 
food,  (perhaps  medicine  too)  avoiding  fuch  as  tend  to 
hurt  or  dedroy  them  ? And  all  this  principally  by  the 
fmell,  together,  with  its  near  ally,  the  tade. 

The  various  forms  of  the  teeth  in  various  creatures, 
is  another  indance  of  the  divine  wifdoiti.  How  cu- 
rioufly are  they  adapted  to  the  peculiar  food  and  oc- 
cafion  of.  each  fpecies  ? Thus  in  the  rapacious,  they 
are  fitted  to  catch  and  hold  their  prey ; in  the  herba- 
ceous, to  gather  and  chew  vegetables.  In  thofe  which 
have  no  teeth,  as  birds,  the  bill  fupplies  that  defied! ; 
together  with  their  additional  ftomach.  And  it  is  a 
remark  which  hardly  fails,  all  fuch  animals  as  have 
four  domachs,  have  no  teeth  at  all. 

There  are  great  varieties  in  the  teeth  of  other  ani- 
mals. Trout  have  teeth  upon  their  tongues ; cod-fifli 
at  the  bottom  of  their  gullet.  Crocodiles  have  three 
rows  of  teeth  on  the  fame  jaw } fharks,  four  or  five  $ 

• - fea- 
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fca-devilsr  (focalled),  havefeveral  rows  of  moveable 
teeth. 

7.  The  variation  of  the  wind-pipe,  in  various  crea- 
tures, is  likewife  obfervable,  as  it  is  ; neceffary  for  that 
of  the  voice.  In  a hedge-hog,  which  has  a very  fmall' 
voice,  it  is  hardly  more  than  membranous.'  In’ a 
pigeon,- which  has  a low,  foft^  note,  it  is  partly  mem- 
branous, partly  cartilaginous;  In  an  owl*  which  has 
a good  audible  note,-  it  is  more  cartilaginous.  But 
that  of  a jay  (as  of  a linnet)  has  bones  inftead  of 
cartilages. 

The  rings  of  the  wind-pipe  likewife  are  fitted  fc \?J 
the  modulation  of  the  voice.  For  in  dogs  and  cats, 
which  ufe  a great  many  notes*  they  are  (as  in  man) 
open  and  flexible  : whereby  all  or  any  of  them  is  more'  > 
or  lefs  dilated  or  contracted,  in  order  to  a deeper  or 
fhriller  note.  But  they  are  one  entire  ring  in  the  Japan- 
peacock,  which  ufes  one  Angle  note. 

8.  As  to  the  motions  of  brutes,  it  is  not  eafy  to 
. conceive,  that  even  thofe  of  the  vegetative  kind,  can 

be  the  mere  mechanical  effe&s  of  matter,  however  modi- 
fied. Much  lefs  can  we  conceive  this  of  their  fenfitive 
motion  : for  we  have  not  the  leaft  reafon  to  doubt,  but 
the  fame  impreffions  of  external  objects,  raife  the  fame 
perceptions  in  them,  as  in  us. — No  queftion,  they  fee, 
and  hear,  and  fmell,  and  tafte,  and  feel  in  the  fame 
manner  as  men ! 

4 * i 

9.  We  cannot  therefore 'deny,  that  there  is  fome- 
• thing  in  brutes,  which  perceives  the  impreffions  made 

I by  outward  objects  ; and  that  they  perform  a thoufand 

aftions,  which  can  never  be  explained  by  mere  me- 
chanifm  : thofe  in  particular  which  fpring  from  what  v 
we  call  inftinCl,  as  the  feeding  and  tending  their  young, 
f the  building  their  nefts  and  preparing  their  habitation, 

upon  or  in  the  earth. 

It  is  true,  fome  things  in  brutes,  as  well  as  in  men, 
may  be  mechanically  accounted  for.  But  others  can- 
not : fo  that  we  are  conftrained  to  own,  there  is  in  them 
alfo  fome  fuperior  principle,  of  whatever  kind  it  be, 
which  is  endued  with  fenfe,  perception  and  various  ap- 
petites. 
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petites.  For  from  their  outward  adtions  we  may  as 
eafily  learn,  as  we  could  from  thofe  of  a man  born 
deaf  and  dumb,  that  there  are  in  this  principle  or  foul 
two  different  faculties : that  of  perceiving  or  know- 
ing, anfwerable  to  our  underftanding  ; and  that  of  de- 
firing and  (hunning,  anfwerable  to  our  will.  That  this 
principle  is  immaterial,  appears  from  this  fmgle  confe- 
deration, it  has  a power  of  felf-motion  ; which  no 
' matter  can  have,  being  wholly  and  effentially  paffive* 

10.  It  is  not  my  defign  to  enumerate  the  feveral  fpe- 
«ies  of  beads.  But  it  may  illuftrate  the  wifdom  of 
the  great  Creator,  to  give  fome  account  of  a few  ax  fe- 
veral  of  which  are  not  fo  commonly  known. 

The  largeft  land -animal  in  the  world  is  an  elephant, 
which  feems  rather  to  belong  to  the  hog-kind  than  any 
other.  They  are  found  only  in  the  fouth  of  Africa,  and 
in  the  Eaft-Indies,  and  are  generally  of  a dark  colour. 
Their  eyes  are  like  thofe  of  a hog.  At  the  corners  of 
their  mouth  grow  two  large  teeth,  fix  or  feven  feet 
long  in  the  male,  but  not  above  one  in  the  female. 
They  feed  on  grafs,  nuts,  and  other  vegetables. 

- Of  all  quadrupeds,  the  elephant  is  the  ftrongeft,  as 
well  as  the  largeft  ; and  yet  in  a ftate  of  nature,  it  is 
neither  fierce  nor  formidable.  Mild,  peaceful,  and 
brave  : it  never  abufes  its  ftrength,  and  only  ules  it  for 
its  own  prote&ion.  In  its  native  defarts,  the  elephant 
is  a focial,  friendly  creature.  The  oldeft  of  the  com- 
pany conducts  the  band  ; that  which  is  next  in  fenio- 
rity  brings  up  the  rear.  The  young,  the  weak,  * and 
the  fickly,  fall  into  the  centre  ; while  the  females  carry 
their  young.  They  maintain  this  order  only  in  dan- 
gerous marches,  or  when  they  defire  to  feed  in  culti- 
vated ground  : they  move  With  lefs  precaution  in  the 
forefts,  and  folitudes ; but  without  ever  removing  far 
afunder. 

Nothing  can  be  more  formidable  than  a drove  of 
elephants,  as  they  appear  at  a diftance,  in  an  African 
landfcape : wherever  they  march,  the  fOreft  feems  to 
fall  before  them  ; in  their  paffage  they  bear  down  the 
branches,  on  which  they  feed ; and  if  they  enter  into 
an  enclosure,  they  deftroy  all  the  labours  of  the  huf- 
bandman,  in  a very  fhort  time.  Their  invafions  are 

thQ 

I - ' • £ 


r 


( ' 153  . > 

the- more  difagreeable,becaufe  there  is  ho'meanS  of  rfc-< 
pelling  them  : ftnce  it  would  require  a fmall  army  to* 
attack'  the  whole  drove  "when  united.  It  now  and  then 
happens,  that  one  or  two  is  found  lingering  behind  the r 
reft,  and  it  is  againft  thefe  that  the  art  and  force  of  the; 
hunters  are  united  but  an  attempt  to  moleft  the  whole 
body,  would  certainly  prove  fatal.  They  go  forward- 
. diredlly  againft  him  who  offers  the  infi^lt*  ftrike  hinar 
with  their  tufk^  feize  hirp -with  their  trunks,  fling  him 
into  the  air,  and  then-trample  him  to  pieces  under  their' 
feet.  - But  they  are  thu$  dreadful,  only  when  they  are* 
offended,  and  do  no  manner  of  * perfonal  injury,  %vhen^ 
fiiffered  to  feed  without  interruption^ 

The  elephant  has  very  fmall  eye^,  when'  compared- 
to  the  enormous,  bulk  of  its  body,  v But,  -though  their- 
minutenefs -may  at  firft  fighr  appear  deformed,  yetr- , 
when  we  come  to  examine  them,  tliey  are  feen  to  ex-; 
hibit  a variety  of  expreilion^  It  turns  them  with  at- 
tention and  friendfhipfto-its  mafter  ; it  feems  to  refledb 
and  deliberate  v and  as  its  paffions  flowly  fucceed  each- 
other,  their  various  workings  are  diftindlly  feen.  It  isp 
remarkable  for: the  excellence  ofc  its  hearing.  Its  ears ; 
are  extremely  large.  - They  are  ufually  dependent ; bub 
it;Can  readily, rake  and -move  them.  They  ferve  alfo  ** 
to  wipe  its  eyes,-  and  to  protedl  them  againft  the  duffc 
and  flies.  , It  appears  delighted  with  n^ufic,  and  readily, 
learns  to  beat  time,  to  move  in  meafure,  and  even 
jpin  its  voice  with 4he  drum  and  trumpet.*  * ■; 

■S  «■  *,  * . , , * » * 
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..This  animal7  s fenfe  of  i mailing  is  not  only  exquiftte/* 
but  ijt  >is  pleafed  with  the  fame  odours  that  delight  man-~ 
kind.  The  elephant  gathers  flowers  with  great  plea- 
sure; dt  picks  them  up  one  by  one,  unites  them  in  a- 
nofegay,,  and  feems  charmed  with  the  perfume.  Th* 
Orange-flower  is  particularly  grateful,  both  to  its  tafte 
and  fmjell  ^ ~i%  (trips  the  tree  of  all  its  verdure,  andeat$  • 
' every  part  of  itrieven  jo;the  branches  themfelves.  • It- 
leeks  in  die  meadows  the  moil  odoriferous  plants  to 
feed  upon  ; : and  in- the  woods  it  prefers  the  cocoa,  the 
banana,  the  palm,  .and  the  fage  tr£b  to  all  others. 

But  it  as  in  the' fenfe  of  feeling,  that  this  animal  ex- 
cels all  others  of  the  brute  creation,  and  perhaps  man 
bimfel£T;  The  organ  of  this  fenfe  is  wholly  in  the  trunk, 
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which  is  an  iuftrument  peculiar  to  this  an'mal ; and 
that  ferves  it  for  all  the  purpofes  of  a hand.  The  trunk 
ends  in  two  openings,  or  noftrils,  like  thofe  of  a hog. 
An  elephant  of  fourteen  feet  high,  has  the  trunk  about 
three  feet  long,  and  five  feet  and  a half  in  circum- 
ference, at  the  mouth.  It  is  hollow  all  along,  but 
with  a partition  running  from  one  end  of  it  to  the 
Other.  This  tube  is  compofed  of  nerves  and  mufcles 
covered  with  a (kin  like  that  of  the  reft  of  the  body. 
It  is  capable  of  being  moved  in  every  direction,  of 
being  lengthened  and  fhortened,  of  being  bent  or 
ftraightened  ; fo  pliant  as  to  embrace  any  body  it  is 
applied  to,  and  yet  fo  ftrong  that  nothing  can  be  torn 
from  its  gripe.  To  aid  the  force  of  this  grafp,  there 
are  feveral  very  little  eminences,  like  a caterpillar’s 
feet  on  the  under-fide  of  this  inftrument,  which  with- 
out doubt  contributes  to  the  fenfibility  of  the  touch  as 
well  as  the  firmnefs  of  the  hold.  Through  this  trunk 
the  animal  breathes,  drinks  and  fmells  ; and  at  the 
very  point  of  it,  juft  above  the  noftrils,  there  is  an  ex- 
tension of  the  Ikin,  above  five  inches  long,  in  the  form 
of  a finger,  and  which,  in  faft,  anfwers  all  the  pur- 
pofes of  one  ; for  with  the  reft  of  the  extremity  of  the 
trunk,  it  is  capable  of  afluming  different  forms  at 
will,  and,  confequently,  of  being  adapted  to  the  mi- 
nuteft  obje&s.  By  means  of  this,  the  elephant  can 
untie  the  knots  of  a rope,  unlock  a door,  and  even 
write  with  a pen.  It  fometimes  happens,  that  the  ob- 
jeft  is  too  large  for  the  trunk  *to  grafp  ; in  fuch  a cafe 
Ifhe  elephant  makes  ufe  of  another  expedient.  It  ap- 
plies the  extremity  of  the*  trunk  to  the  furface  of  the 
objeft,  and,  fucking  up  its  breath  lifts  and  fu  Rains 
ifuch  a weight  as  the  air  in  that  cafe  is  capable  of 
keeping  fufpended.  • In  this  manner  this  inftrument  is  - 
tifeful  in  moft  of  the  purpofes  of  life  ; it  is  an  organ 
of  fmelling*  of  touching,  and  of  fusion  ; it  not  only 
? provides  for  the  animaPs  neceffides,  but  it  alfo:  ferves 
for  ornament  and  defence. 

The  legs  are  not  fo  inflexible  as  the  neck,  yet  they 
are  very  ftiff,  and  bend  not  without  difficulty.  Thofe 
before, Teem  to  be  longer  than  the  hinder  ;>  but,  upon 
being  meafured,  are  found  to  be  fomething  fhorter. 
The  joints  by  which  they  bend  are  nearly  in  the  mid- 
i.  • ' die. 
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.die,  .like  the  knee  of  a man,  and  the  large  bulk  wY  h 
they  are  to  fupport,  makes  their  flexure  ungainly.-  Yet 
while  the  elephant  is  young,  it  bends  the  legs  to*  lie  ' 
down  or  rife;  but  when  it  grows  old,  or.  fickly,  this 
becomes  fo  inconvenient  that  the  animal  chufes  to  deep 
Handing.  T 

It  is  one  of  the  ftriking  peculiarities  of  this  atiktialr 
that  his  generative  powers  totally  fail  when  he  comes 
under  the  dominion  of  man  ; as  if  he  feemed  unwilling 
to  propagate  a race  of  flaves  to  inereafe  the  pride  of  , 
his  conqueror.  * • - 

The  elephant,  when  once  tamed,  becomes  the  moft 
gentle  and  obedient  of  all  animals.  It  foon  conceives 
an  attachment  for  the  perfon  that  attends  it,  .careffes 
him,  obeys  him,:  and  feems  to  anticipate  his  defires, 

. In  a fliort  time  it  begins  to  comprehend  the  figns 
made  to  it,  and  even  the  different  founds  of  the  voice  ; 
it  perfectly  diftinguifbes  the  tone  of  command  from 
that  of  anger  or  approbation^  and  ads  accordingly. 

It  receives  its  orders  with  attention  ; eagerly,  yet  with- 
out precipitation.  AH  its  motions  are  regulated,  &nd 
its  adions  feem  to  partake  of  its  magnitude,  being 
grave  and  majeftre.  It  is  quickly  taught  to  kneel  down 
to  receive  its  rider  y it  careffes  thofe  it  knows  with  its 
trunk ; with  this  falutes  *fuch-  as  it  is  ordered  to  diftin* 
guifh,  and  with  this,  &s  with  a hand,  helps  to  take  up 
part  of  its  load*  It  fuffers  itfelf  to  be  arrayed  in  har- 
nefs  ; and  feems  to  take  a pleafure  in  the  finery  of  its 
trappings.  It  draws  either  chariots,  cannons,  dr 
{hipping,  with  furprifing  ftrength  and  perfeverance  y 
and  this  with  a feeming  fatisfadion,  provided  its  mas- 
ter appears  pleafed  with  its  exertions.  And  he  fre- 
quently takes  fuch  an  affedion  for  his  keeper  that  he 
will  obey  no  other  ; and  it  has*  been -known  to  die  for 
grief,  when  in  feme  fudden  fit  of  ifiadnefsr  it  has  killed 
its  condudor.  : ^ . 

In  Deli,  an  elephant  palling  * the  ftreets,  put  his 
trunk  into  a taylor’s  fhop,  where  feveral  people  wer$ 
at  work.  One  of  the  perfons  of  the  fliop^  defirous  df 
amufement  pricked  the  animal's  trunk  with  his  needle. 
The  elephant  palled  on  without' any  figns  of  refent- 
tnent,  but  coming,  to  a puddle  of  dirty  water/  filled 
- ' > his 
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his  trunk,  returned  to  the  fhop,  and  Ipurted  it  over  all 
their  finery. 

Some  of  them  are  twenty  feet  in  compafs,  and  near 
- fourteen  high.  They  feem  to  have  more  fenfe  than 
. any  other  brute,  and  are  capable  of  fidelity  and  ftrong 
affe&ion  : particularly  to  their  companion  r fo  that 
neither  the  male  nor  female  is  ever  known  to  make  a 
fecond  choice. 

The  female  goes  feventeen  months  with  her  young : 

' they  are  fifty  or  fixty  years  before  they  have  their  full 
ftrength,  are  in  full  vigour  about  a hundred,  and  live 
two  or  three  hundred  years. 

A rhinoceros,  next  to  the  elephant,  is  the  moft  ex- 
traordinary animal  in  the  Indies.  It  is  ufualiy  twelve 
feet  long,  from  the  tip  of  the  nofe  to  the  infertion  of 
the  tail ; from  fix  to  feven  feet  high  ; and  the  circum- 
ference of  its  body  is  nearly  equal  to  its  length.  It  is 
therefore  equal  to  the  elephant  in  bulk,  and  if  it  ap- 
pears much  fmaller  to  the  eye,  the  reafon  is,  the  legs 
are  much  fhorter.  In  other  refpefts  it  is  fhaped  like  a 
wild-boar.  . - 

It  is  faid  to  have  a very  rough  tongue,  but  this  is 
fo  far  from  the  truth,  that  no  animal  of  near  its  fize 
has  fo  foft  a one.  It  is  fmooth  and  fmall  like  that  of 
a dog  ; and  to  the  feel,  it  appears  as  if  one  palled  the 
liand  over  velvet.  It  has  a peculiar  cry,  a mixture  be- 
tween the  grunting  of  a hog,  and  the  bellowing  of  the 
calf.-— The  age  of  thefe  animals  is  not  well  known  : it 
is  faid  by  fome,  that  they  bring  forth  at  three  years 
old,  and  if  we  may  reafon  from  analogy,  it  is  pro- 
vable they  feldom  live  above  twenty. 

That  which  was  (hewn  in  London,  was  faid  by  its 
'Lee per,  jo  be  eighteen  years  old,  and  even  at  that  age, 
he  pretended  to  confider  it  as  a young  one  ; however 
' it  died  Ihortly  after,  and  that  probably  in  the  courfe  of 
nature.  It  is  a native  of  Afia  and  Africa,  and  is 
ufualiy  found  in  thole  extenfive  forefts  that  are  fre- 
quented by  the  elephant  and  lion.  As  it  fubfifts  en- 
tirely .upon  vegetable  food,  it  is  peaceful  and  barmlefs' 
among  its  fellows  of  the  brute  creation;  but  though 
it  never  provokes  to  .combat,  it  equally  difdains  to  fiy. 

' It 
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It  is  every  way  fitted  for  war,  but  refts  contented  i» 
the  confcioufnefs  of  its  fecurity. 

His  (kin  is  without  hair,  anji  fo  full  of  fcratches  and 
fcabs,  that  at  a diftance  they  may  well  be  taken  for 
fcales.  On  his  nofe  he  has  a horn  of  a dark  brown  co- 
lour, which  bends  backward,  and  is  often  two  feet 
long.  He  has  often  another  horn  a little  above  this, 
which  never  exceeds  fix  inches.  His  eyes  are  exceed- 
ing fmall,  and  he  only  fees  ftrait  forward  : therefore 
he  always  runs  in  a ftrait  line,  tearing  up  whatever 
ftands  in  his  way.  With  his  horn  he  throws  ftones 
over  his  head  to  a great  diftance,  and  even  tears  up 
trees  by  the  roots. 

The  outer  ikin  of  the  rhinoceros,  which  confifts  of 
many  folds,  is  thick  and  impenetrable.  In  running 
one’s  fingers  under  one  of  the  folds,  it  feels  like  a 
piece  of  board  half  an  inch  thick.  But  between  the 
folds  the  lkin  is  as  fmooth  and  foft  as  filk,  and  eafily 
penetrated. — See  here  the  wifdom  of  the  great  Creator ! 
If  the  outer  (kin,  which  is -quite  inflexible,  w*as  con- 
tinued all  over  him  without  any  fold,  he  could  not  per- 
form any  action  whatever.  But  the  fupplenefs  of  the 
lkin  in  other  beafts,  is  compenfated  in  this  by  thefe 
folds.  It  was  neceffary  his  lkin  (hould  be  hard  for  his 
defence : mean  time  it  was  a noble  contrivance,  that  it 
lhould  be  fo  foft  and  fmooth  underneath,  that  when  he 
bends  himfelf  any  way,  one  part  of  this  board-like  lkin, 
lhould  Hide  over  the  other.  And  thefe  folds  are  placed 
in  fuch  parts  of  his  body,  as  to  facilitate  the  perform- 
ance of  every  voluntary  motion. 


Another  native  of  the  Eaft-Indies  is  the  camel,  one 
of  the  moft  ferviceable  animals  in  the  world.  He 
kneels  down  to  receive  his  burden,  and  rifes  when  he 
hath  his  accuftomed  load.  If  he  feels  himfelf  over- 
burdened he  will  not  rife,  but  cry  till  pari  of  it  is 
• taken  off.  One  of  them  will  carry  a thoufand  or  twelve 
-hundred  weight,  forty  miles  a day,  for  thirty  or  forty 
days  together.  They  have  no  teeth  in  the  upper  jaw. 
They  will  travel  forty  hours,  without  either  meat  or 
drink:  and  nine  days  without  drink:  they  have  two 
; ftomachs  admirably  contrived  for  this  purpofe.  The 
gentleman  who  differed  one  ajl  Paris,  found  in  his  fe- 
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cond  ftomach  feveral  fquare  holes,  which  were  the 
orifices  of  about  twenty  cavities,  made  like  facks, 
placed  between  the  two  membranes,  which  compofe 
the  iubftance  of  the  ftomach.  And  in  thefe  refer voirs 
he  contains  water  enough  to  * ferve  him  for  fo  many 
days. 

The  bunch  on  his  back  is  not  flefti,  much  lefs  bone, 

• but  mere  hair.  And  when  this  is  preffed  clofe  down, 
he  is  no  more  hunch-backed  than  a fwine.  They  fubfift 
on  very  little,  which  enables  " them  to  travel  through 
thofe  vaft  and  barren  deferts. — How  wife  is  * He  who 
caufed  thefe  to  be  natives  of  thofe  countries,  where 
fuch  creatures  are  abfolutely  neceflary  ! A farther  in- 
.ftance  of  this  is,  that  the  African  camel,  which  has 
ft  ill  greater  and  more  uncouth  journeys,  to  take,  is 
larger  and  ftronger,  and  capable  of  carrying  heavier 
burdens  than  thofe  of.  Afia. 

Another  wonderful  property  of  camels  is,  that  of 
Torefeeing  the  poifonous  winds,  which  kill  in  a mo- 
ment. A little  before  thefe  come,  they  run  together 
and  cry,  and  hide  their  nofes  in  the  earth.  And  as 
foon  as  th^y  are  paft,  they  lift  up  their  heads,  and  con- 
tinue their  journey. 

The  dromedary  in  moft  refpe£h  refembles  the  camel ; 
.only  it  is  of  a {lighter  make,  and  inftead  of  one  bunch 
on  its  back,  has  two,  about  fix  inches  in  height.  It 
goes  frequently  forty  leagues  a day  ; fo  that  although 

• it  cannot  carry  above  fix  hundred  weight,  yet  its  fwift- 

nefs  atones  for  its  weaknefs.  Its  feet  are  foft  as  a 
fponge,  and  are  not  hurt,  either  by  ftones  or  fand. 
And  (what  is  an  excellent  providence)  they  travel 
beft,  and  have  the  greateft  fpirits  in  the  hotteft  wea- 
ther. i 

The  lamas  in  Peru,  have  fmall  heads,  refembling  in 
fomei  meafure  both  a horfe  and  a fheep.  The  upper 
lip  is  cleft,  like  that  of  a hare,  through  which,  when 
.they  are  enraged,  they  fpit,  even  to  ten  paces  diftance, 
a fort  of  juice,  which  when  it  falls  upon  the  Ikin, 
j-  caufes  a red  ipot  and  great  itching.  The  neck  is  long, 
like  that  of  a camel,  the  body  like  that  of  a {keep,  but  * 
- with  much  longer  legs.  It  yields  ftrong  and  fine  wool, 
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and  is  alfo  a bead  of  burden,  and  kept  at  an  eafy  ex- 
pense. It  carries  a burden  avaft  way,  without  tiring ; 
eats  very  little,  and  never  drinks.  At  night  he  lies 
down,  and  no  blows  can  make  him  rife,  or  move  one 
foot  till  morning. 

% s * • 

A creature  no  lefs  remarkable,  but  in  a quite  dif- 
ferent way,  is  the  caftor  or  beaver.  .This  creature  is 
about  four  feet  long,  and  fifteen  inches  broad.  He  is 
covered  with  two  forts  of  hair,  one  long,  the  other  a 
foft  down.  The  down,  an  inch  long,  is  properly  his 
clothing,  being  extremely  fine,  and  clofe  laid  upon  the 
fkin.  The  long  hair  is  fpread  over  all,  to  preferve  it 
from  dirt  and  wet. 

Whether  male  or  female,  it  has  two  bags  under  its 
belly,  which  contain  a liquid  fubftance,  that  congeals 
in  air,  and  affords  an  excellent  medicine,  which  we 
call  caftoreum. 

He  has  ftrong  teeth  riveted  faft  in  his  jaws,  toncut 
wood,  as  well  as  chew  his  food.  His  fore-feet  are  like 
thofe  of  an  ape  or  fquirrel,  to  hold  what  he  eats  in  his 
paw.  And  with  thefe  he  digs,  foftens  and  wrorks  the 
clay  or  loam  for  his  habitation.  ; His  feet  are  remarkably 
formed,  more  proper  to  fwim  than  to  walk  wTith,  the 
five  toes  being  joined  together  by  a ftrong  membrane* 
His  tail  is  long,  flattifh,  covered  w^ith  fcales,  and  con- 
ftantly  lubricated  with  oil ; becaufe,  being  an  arehiteft 
from  his  birth,  he  ufes  his  tail  as  a hod,  to  carry  his 
clay  or  mortar,  and  as  a trowel,  to  fpread  it  into  an 
incruftation.  Mean  time  the  fcales  prefepe  it  from  be- 
ing hurt  by  the  burden  $ and  the  oil  which  he  fqueezes 
from  his  bags,  and  rubs  on  with  his  fnout,  from  the 
noxious  air  and  water.  ^ 

v As  they  like  to  live  together,  they  chufe  a fituatiori 
near  fome  rivulet.  They  firft  build  a-  caufeway,  in 
Which  the  water  may  rife  level  with  the  ^firfl  ftory  of 
their  habitation.  This  is  built  of  wood  and  clay,  twelve 
feet  thick  at  the  bottom,  descending  in  a Hope  on  the 
fide  next  the  water.  The  other  ficfe  is  perpendicular: 
the  top  of  this  is  about  two  feet  broad.  - They  cut 
their  wood,  though  as  thick  as  one’s  thigh,  into  pieces, 
from  two  to  fix  feet  long,  drive  them  into  the  earth 
with  their  teeth;-  and  lace  themt^etherwkh  bpughs, 
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clofmg  all  the  opening  within  and  without  with  a flrong 
plailler  made  of  clay/  IF  the  water  increafe  upon  them, 
they  raife  their  wall  higher.'  Knowing  their  materials 
are  more  eafily  brought  by  water  than  by  land,  they 
watch  its  increafe,  to  fwim  with  mortar  on  their  tails* 
and  flakes  between  their  teeth  to  the  place  where  they 
build.  When  the  caufeW^y  ishnifhed,  they  begin  their 
apartments,  which  are  oval,  and  divided  into  three 
partitions,  one  above  another.  ' But  the  walls  of  thefe 
are  perpendicular, . and  only  two  feet  thick.  All  the 
wood  that  proje&s,  they  cut  off  with  their  teeth  : and 
rough-caft  both  the  out  and  infide  of  their  work,  with 
a mixture  of  clay  and  dry  grafs.  The  firfl  partition 
being  below  the  level  of  the  dyke,  is  full  of  water  ^ 
for  they  love  to  have  their  hinder  part  hanging  in  the 
- water.  The  other  two  are  above  it,  fo  that  if  the  wai- 
ter afcend,  they  may  afcend  proportionably. 

At  the  bottom  of  their  building,  they  ftrikeouttwo 
openings  to  the  ftream : one  leads  to  the  place  where 
they  bathe,  the  other  to  that  where  they  eafe  nature.  - 
They  aflociate  ten  or  twelve  together,  and  proportion 
their  houfe  to  their  number.  When  all  is  finifhed  be- 
low, they  vault  the  top  or  roof  in  an  oval  form. 

In  fummer  they  feed  on  fruits  and  plants : Jin  win- 
ter, on  willow,  afh,  or  other  wood.  This  they  colledl 
and  dlore  up  in  time.  They  cut  boughs  from  three  to 
fix  feet  long  : the  large  pieces  are  brought  to  the  ma- 
gazine by  ieveral  .beavers,  the  fmaller  by  one  alone ; 
but  they  take  different  ways*  each  having  his  path 
affigned,  to  prevent  the  labour  being  interrupted.  They 
build  up  their  pile  with  much  art,  which  is  propor- 
tioned to  their  number.  A fquare  pile  of  thirty  feet* 
about  ten  feet  deep,  ferves  for  ten  beavers.  But  the 
wood  is  not  piled  up  in  one  continued  fyeap  : the  pieces 
are  laid  acrofs  one  another,  with  cavities  between,  for 


the  conveniency  of  drawing  Uut  what  they  want.  They 
always  ufe  firfl  the  parcel  at  bottom,  which  lies  in  tbi 
water.  And  when  it  is  taken  up  for  ufe,  they  cut  this 
wood  into  finall  pieces,  and  convey  it  to  their  apart- 
ment, where  the  whole  family  come  and  receive  their 
fhares. 

The  feet  of  a female  beaver,  which  a gentleman  kept 
in  England  fome  years  fiacje,  were  webbed*  like  thofe 
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of  a goofe.  The  tail  was  fcaly,  and  fhaped  like  the 
blade  of  an  oar.  This  (he  ufed  as  a rudder  to  fteer 
herfelf,  efpecially  when  ftie  fwam  under  water,  which 
fhe  would  do  for  two  or  three  minutes,  and  then  corne 
up  to  take  breath,  fometimes  railing  only  her  noftrils 
above  water.  She  fwam  fwifter  than  any  water  fowl ; 
and  under  water  as  fwift  as  a carp.  The  hind  legs  be- 
ing longer  than  the  fore,  make  her  walk  flow  on  dry 
land,  or  rather  waddle  like  a duck.  If  drove  along 
' fail,  fhe  could  not  run,  but  went  by  jumps,  flapping 
her  tail  againft  the  ground.  She  never  made  any 
noife,  except  a little  fort  of -a  grunting,  when  angry, 

or  driven  faft. As  the  beaver  frequents  the  water 

like  water  fowls,  may  not  the  caftor  be  provided  for 
him  by  nature,  to  anoint  his  fur  with,  and  prevent  the 
water  from  foaking  to  his  {kin.  And  as  it  is  impreg- 
nated with  penetrating,  pungent  particles,  it  may  like- 
wife  contribute  to  keep  off  the  chill,  which  the  water 
might  otherwife  ftrike  to  his  body,  'when  he  remains 
long  therein. 

''  The  fhammoy,  though . a wild  animal,  is  eafily 
tamed,  and  is  to  be  found  only  in  rocky  and  moun- 
tainous places:  It  is  about  the  fize  of  a domeftic 

goat.  It  is  agreeably  lively,  and  adtive  beyond  ex- 
preffion.  The  fliammoy’s  hair  is  fhort,  like  that  of  the 
doe.  In  fpring  it  is  of  an  aih-colour ; in  autumn,  a 
dun  colour,  inclining  to  black  ; and  in  winter,  of  a 
blackifli  brown.  This  animal  is  found  in  great  plenty  ’ 
•in  the  mountains  of  Daophiny,*  of  Piedmont,  Savoy, 
Switzerland,  and  Germany.  They  are  peaceful,  gen- 
tle creatures,  and  live  in  fociety  with  each  other.  They 
•are  found  in  flocks  of  from  four  to  fourfeore,  difperfed 
upon  the  crags  of  the  mountains.  The  large  males  are 
feen  feeding  detached  from  the  reft,  except  in  rutting 
■time,  when  they  approach  the  females,  &nd  drive  away 
the  young. 

It  is  to  be  obferved,  that  this  creature  is  extremely 
-vigilant,  and  has  an  eye  the  moft  piercing  in  nature. 
Its  fmell  alfo  is  not  lefs  diftinguifning.  When  it  fees 
its  enemy  diftindtly,  it  flops  for  a moment  j and  then 
if  the  perfon  be  near,  in  an  inftant  flies  off.  In  the 
fame  manner  it  can  by  its  fmell,  difeover  a man  at  a 
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great  diftance,  and  gives  the  earlieft  notice-  Upo* 

- an y alarm,  the  Ihammoy  begins  his  hiding  note  with 
fuch  force,  that  the  rocks  and  the  forefts  re-echo  to  the 
found.  The  animal  having  repofed  a moment,  again’ 
looks  round,  and  perceiving  the  reality  of  its  fears,* 
continues  to  hifs  by  intervals.  During  this  time,  it 
feems  in  the  moil  violent  agitation ; it  ftrikes  the  ground 
with  its  fore-foot,  and  fometimes  with  both  » it  bounds 
from  rock  to  rock  ; it  turns  and  looks  round  ; -it  runs 
to  the  edge  of  the  precipice,  and  ftill  flies  with  all  its 
fpeed. 

Its  head  is  furnifhed  with  two  fmall  horns,  of  about 
half  a foot  long,  of  a beautiful  black.  The  ears  are 
placed  in  a very  elegant  manner,  near  the  horns  ; and 
there  are  two  ftripes  of  black  on  each  fide  of  the  face* 
the  reft  being  of  a whitilh  yellowr  which  never  changes. 
They  run  along  the  rocks  with  great  eafe  and  indif-* 
ference,  and  leap  from  one  to  another,  fo  that  no  dogs 
are  able  to  purfue  them.  They  always  mount  or  de-* 
fcend  in  an  oblique  direction ; and  throw  themfelves 
down  a rock  of  thirty  feet,  and  light  with  great  fecu~ 
rity  upon  fome  excrefcence  or  fragment,  on  the  fide  o£ 
the  precipice,  which  is  juft  large  enough  to  place  their 
feet  upon.  The  more  craggy  and  uneven  the  foreft, 
the  more  this  animal  is  pleafed  with  the  abode,  which 
thus  adds  to  its  fecurity* 

The  roe-buck  is  the  fmalleft  of  the  deer-kind  in  our  ' 
climate,  and  is  now  almoft  extindl,  except  in  the  High- 
lands of  Scotland.  It  Is  generally  about  three  feet 
long,  and  about  two  feet  high.  The  horns  are  from 
eight  to  nine  inches  long,  upright,  round,  and  divided 
into  three  branches.  The  body  is  covered  with  very  . 
long  hair,  well  adapted  to  the  rigor  of  its  mountainous 
abode. 

As  the  flag  frequents  the  thickeft  forefts,  and  the 
Tides  of  the  higheft  mountains,  the  roe-buck  courts  the 
fhady  thicket,  and  the  rifing  flope.  Although  far  in- 
ferior in  ftrength  to  the  flag,  it  is  more  a<ftive,  and 
even  more  courageous.  Its  hair  is  always  fmooth, 
clean,  and  glolfy  ; and  it  frequents  only  the  dryeft 
places,  and  of  the  pureft  air.  Though  but  a very- 
little  animal,  yet,  when  its  young  are  attacked,  it  faces 
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the  ftag  himfelf,  and  often  comes  off  vidorious.  All 
its  motions  are  elegant  and  eafy ; it  bounds  without 
effort,  and  continues  the  courfe  with  little  fatigue.  It 
is  alfo  poirefled  of  more  cunning  in  avoiding  the 
-hunter  ; and,  although  its  fcent  is  much  ftronger  than 
that  of  the  ftag,  it  is  more  frequently  found  to  make 
good  a retreat.  The  ftag  never  offers  to  ufe  art  until 
his  ftrength  is  beginning  to  decline : this  more  cunning 
animal,  when  it  finds  that  its  firft  efforts  to  efcape  are 
without  fuccefs,  returns  upon  its  former  track,  again 
goes  forward,  and  again  returns,  until  by  its  various 
windings,  it  has  entirely  deftroyed  the  fcent,  and  joined 
the  laft  emanations  to  thofe  of  its  former  courfe.  It 
^then  by  a bound,  goes  to  one  fide,  lies  flat  upon  its 
belly,  and  permits  the  pack  to  pafs  by  very  near,  with- 
out offering  to  ftir.  v . 

The  roe-buck  differs  from  the  ftag  alfo,  in  its  na- 
tural appetites,  its  inclinations,  and  its  whole  habit  of 
living,  lnftead  of  herding  together,  thefe  animals 
live  in  feparate  families ; the  fire,  the  dam,  and  the 
young  ones  affociate  together,  &nd  never  admit  a 
Stranger  into  their  little  community.  All  others  of  the 
deer-kind  are  inconftant  in  their  affedfion  ; but  the  roe- 
buck never  leaves  its  mate  and  as  they  have  been  ge- 
nerally bred  up  together,  from  their  firft  fawning,  the 
male  and  female  never  after  feparate. 

They  drive  away  their  fawns  upon  thefe  occafions  ; 
the  buck  forcing  them  to  retire  in  order  to  make  room 
for  a fucceeding  progeny.  However,  when  the  feafon 
is  over,  the  fawns  return  to  their  does,  and  remain 
with  them  fome  time  longer ; after  which,  they  quit 
them  entirely,  in  order  to  begin  an  independent  family 
of  their  own. 

When  the  female  is  ready  to  bring  forth,  fhe  feeks  a 
retreat  in  the  thickeft  woods,  being  not  lefs  apprehen- 
sive of  the  buck,  from  whom  fhe  then  feparates,  than 
of  the  wolf,  the  wild  cat,  and  almoft  every  ravening 
animal  of  the  foreft.  She  generally  produces  two  at 
a time.  In  about  ten  or  twelve  days  thefe  are  able  to 
follow  their  *dam,  except  in  cafes  of  warm  purfuit, 
when  their  ftrength  is  not  equal  to  the- fatigue.  Upon 
fuch  occafions  the  tendernefs  of  the.  dam  is  very  ex- 
traordinary ; leaving  them  in  the  deepeft  thicket,  fhe 
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effers  herfelf  to  the  danger,  flies  beforethe  hounds,  ariif 
does  all  in  her  power  to  lead  them  from  the  retreat 
where  ftie  has  lodged  her  little  ones.  Such  animab 
as  are  nearly  upon  her  own  level  fhe  boldly  encounters  ; 
attacks  the  flag,  the  wild  cat,  and  even  the  wolf ; and 
while  ftie  has  life,*  continues  her  efforts  to  proteft  het 
young.. 

Of  all  animals  of  the  deer-kind*  the  reimdeeV  is  the 
moll  ufeful.  It  is  a native  of  the  icy- regions  of  the 
north,  and  cannot  live  in  a more  fouthern  climate. 
Nature  feems  to  have  fitted  it  entirely  for  that  hardy 
race  of  mankind;  that  live  near  the  pole..  As  thefe 
would  find  it  impoffible  to  fubfill  among  their  barren", 
&owy  mountains,  without  its  aid,  fo  this  animal  can 
live  only  there.  From  it  alone,  the  natives  of  Lap-- 
land  and  Greenland  Tupply  mod  of  their  wants.  • It 
anfwers  the  purpofes  of  a horfe,  to  convey  them  and 
their  fcanty  furniture,  from  one  mountain  to  another;1 
it  anfwers  the  purpofes  of  a cow,  in  giving  milk  ; and 
©f  the  fheep,  in  furnilhing  them  with  a warm,  though 
a homely  kind' of  clothing.  From  this  alone,  there- 
fore, they  receive  as  many  advantages*  as’  we  derive 
from  three  of  our  mod  ufeful  creatures.  It  is  lower 
and  dronger  built  than  the  dag  ; its  legs  are  fhorter 
and  thicker,  and  its  hoofs  much  broader  ; its  hair  is 
much  thicker  and  warmer;  its  horns  much  larger  in 
proportion*  and  branching  forward  over  its  eyes  ; its 
ears  are  much  larger  ; its  pace  is  rather  a trot  than  a 
bounding,,  and  this- it  can  continue  for  a whole  day;, 
its  hoofs  are  cloven  and  moveable,  fo  that  it  fpreads 
them  abroad  as it  goes*  to  prevent  its  finking  in  the  fnow. 

Lapland  is  divided  into  two  didrifts ; the  moun- 
tainous, and  the  woody.  The  mountainous  part  is 
barren  and  bleak,  exceffively  cold,  and  uninhabitable; 
during  the  winter.  Still*  however,  it  is. the  mod  de- 
firable  part  of  this  frightful  region,  and  is  mod  thickly 
peopled*  during  the  fummer.  The  natives  generally 
rcfide  on  the  declivity  of  the  mountains,  three  or  four 
cottages  together.  Upon  the  approach  of  winter*  they 
migrate,  into  the  plains  below,  , each  bringing  down  his 
whole  herd,  which  often  amounts  to  more  than  a thou- 
fand,  and  leading  them  where  the  padure  is  ingreated 
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plenty.  The  woody  part  of  the  country  is  much  more 
hideout : a frightful  fcene  of  trees  without  fruit,  and 
plains  without  verdure.  As  far  as  the  eye  can  reach, 
nothing  is  to  be  feen,  even  in  the  mid  ft  of  fummer,  but 
barren  fields,  covered  only  with  .mofs,  no  grafs,  no 
ilowery  landfcapes,  only  here  and  there  a pine  tree, 
which  may  have  efcaped  the  frequent  conflagrations, 
by  which  the  natives  bum  down  their  forefts.  This 
mofs,  however,  which  deforms  the  country,  ferves  for 
its  only  fupport,  as  upon  it  alone  the  rein-deer  can  fub- 
fift.  The  inhabitants,  who,  during  the  fummer,  lived 
among  , the  .mountains,  drive  down  their  herds  in  win- 
ter, and  people  the  plains  and  woods  below. 

There  is  fomething  worthy  our  notice  even  in  that 
defpifed  animal,  an  afs.  There  is  a much  greater  re- 
femblance  between  the  horfe  and  the  afs,  than  between 
the  flieep  and -the  goat.  And  yet  the  latter  produce  an 
animal,  that  is  not  barren}  .whereas  the  mule  always 
is.  . 

The  fhe-afs  is  not  lefs  fond- of  her  young,  than  the 
male  is  of  her.  She  will  ru(h  either  through  fire  or 
water,  to  peotedl  or  rejoin  it.  An  afs  is  often  no  lefs 
attached  to  his  owner.  He  fcents  him  at  a confidera- 
ble  diftance ; he  diftinguifhes  him  from  others,  in  a 
crowd.-  He  knows  the  way  wherein  he  has  pqjfed, 
and  the  places  where  he  inhabits.  . 4 

When  over-loaded,  he  fhews  it  by  hanging  down 
his  head,  and  lowering  his  ears.  If  his  eyes  are  co- 
vered, he  will  not  ftir  ,a  ftep ; and,  if  he  is  laid  down 
in  fuch  a manner  that  one  eye  is  covered  with  the  grafs, 
while  the  other  is  hidden  with  a ftone,  or  whatever  is 
next  at  hand,  he  will  continue  fixed  in  the  fame  fitua- 
tion,  and  will  not  fo  much  as  attempt  to  rife,  to  free 
himfelf  from  thofe  flight  impediments.  He  walks, 
trots,  and  gallops,  like  a horfe,  but  is  foon  tired  ; and 
then  no  beating  will  mend  his  pace.  It  is  in  vain  that 
his  unmerciful  rider  exerts  his  whip  or  his  cudgel : the 
poor,  little  animal  bears  it  all  with  patience,  and  does 
not  offer  even  to  move. 

The  Spaniards,  of.  all  people  in  Europe,  feem  to 
be  acquainted  with  the  value  of  the  afs.  They  take 
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all  precautions  to  improve  the  breed,-  and  a jack-afs  nr 
Spain  is  above  fifteen  hands  high.  This  animal,  how- 
ever, feems  originally  a native  of  Arabia.  A warm 
climate  is  known  to  produce  the  largeft  and  the  beft  ; 
their  fize  and  fpirit  decline,  in  proportion  as  they  ad- 
vance into  colder  regions. 

In  Guinea,  they  are  larger  and  more  beautiful,  than 
even  the  horfes  of  the  fame  country. 

In  Perfia,  they  have  two  kinds , one  of  which  is 
ufed  for  burthens,  being  flow  and  heavy,  the  other  is 
kept  for  the  faddle,  being  fmooth,  (lately,  and  nim- 
ble. An  afs  will  live  above  fixty  years.  He  fleeps 
much  lefs  than  the  horfe  ; and  never  lies  down  for  that 
purpofe,  unlefs  very  much  tired.  The  Ihe-afs  goes 
, above  eleven  months  with  young,  and  never  brings 
forth  more  than  one  at  a time. 

The  mule  may  be  engendered,  either  between  a 
horfe  and  a Ihe-afs,  or  between  a jack-afs  and  a mare. 
The  latter  breed  is  every  way  preferable,  being  larger, 
ftronger,  and  better  lhaped.  The  common  mule  is 
found  very  ferviceable  in  carrying  burthens,  particu- 
larly in  mountainous  and  ftony  places.  Their  manner 
of  going  down  the  precipices  of  the  Alps  is  very  ex- 
traordinary. In  thefe  paffages,  on  one  fide,  are  deep 
eminences,  and,  on  the  other,  frightful  abyfles  ; and, 
as  .they  generally  follow  the  direction  of  the  mountain, 
the  road,  inftead  of  lying  in  a level,  forms  at  every 
little  diftailce  fteep  declivities,  of  feveral  hundred 
yards  downward.  Thefe  can  only  be  defended  by 
mules : and  the  animal  itfelf  feems  fenfible  of  the 
danger.  When  they  come  to  the  edge  of  one  of  thefe  . 
defcenta,  they  (lop  of  themfelves,  without  being 
checked  by  the  rider ; and,  if  he  inadvertently  At- 
tempts to  fpur  them  on,  they  continue . immoveable. 
They  feem  ruminating  and  preparing  themfelves  for 
the  encounter.  They  not  only  attentively  view  the 
road,  but  tremble  and  fnort.  Having  prepared  for 
the  defcent,  they  place  their  fore-feet  in  a pofture,  as 
if  they  were  (lopping  themfelves ; they  then  put-  their 
hinder  feet  together,  but  a little  forward,  as  if  they 
were  going  to  lie  down.  In  this  attitude,  having 
taken  as  it  were  a furvey  of  the  road,  they  Hide  down 
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with  the  fwiftnefs  of  the  meteor.  In  the  mean  time, 
all  the  rider  has  to  do  is  to  keep  himfelf  faft  oh  the 
faddle,  without  checking  the  rein,  for  the  leaft  motion 
is  fufficient  to  diforder  the  mule ; in  which  cafe  they 
both  unavoidably  perifh.  But  their  addrefs  in  this 
rapid  defcent,  is  truly  wonderful ; for  in  their  fwifteft 
motion,  when  they  feem  to  have  loft  all  government 
of  themfelves,  they  follow  exactly  the  different  wind- 
ings of  the  road,  as  if  they  had  previoufly  fettled  in 

their  minds  the  route  they  were  to  follow In  this 

journey,  the  natives,  who  are  placed  along  the  fideS 
of  the  mountains,  and  hold  by  the  roots  of  the  trees, 
animate  the  beaft  with  fhouts,  and  encourage  him  t® 
perfeverance. 

There  are  but  three  animals  of  the  horfe-kind.  The 
“horfe,  which  is  the  moft  ftately  and  courageous,  the 
afs,  which  is  the  moft  patient,  and  the  zebra,  which 
is  the  moft  beautiful,  but  at  the  fame  time  the  wildeft 
animal  in  nature.  Nothing  can  exceed  the  delicate  re- 
gularity of  this  creature's  colour,  or  the  fmoothnef* 
of  its  fkin ; but  on  the  other  hand,  nothing  can  be 
more  timid,  or  more  untameable. 


The  zebra,  or  wild  afs,  is  chiefly  a native  of  the 
fouthem  parts  of  Africa,  and  there  are  whole  herds  of 
them  often  feen  feeding  on  the  extenfive  plains  near 
the  Cape  of  Good  Hope.  However,  their  watchful- 
nefs  is  fuch,  that  they  fuffer  nothing  to  come  near 
them;  and  their  fwiftnefs  fo  great,  that  they  readily 
leave  every  purfuer  far  behind.  The  zebra,  in  fhape, 
rather  refembles  the  mule  than  the  afs.  Its  ears  are 
not  fo  long  as  thofe  of  the  afs,  and  yet  not  fo  fmall  as 
in  the  horfe-kind.  Like  the  afs,  its  head  is  large,  its 
back  ftraight,  and  its  tail  tufted  at  the  end  ; like  the 
horfe,  its  fkin  is  fmooth  and  clofe,  and  its  hind  quar- 
ters round  and  flefhy.  But  its  greateft  beauty  lies  in 
the  amazing  elegance  of  its  colours.  In  the  male, 
they  are  white  and  brpwn  ; in  the  female,  white  and 
black.  Thefe  colours  are  difpofed  in  alternate  ftripes 
over  the  whole  body,  and  with  fuch  exa&nefs  and  fym- 
metry,  that  one  would  think  nature  had  employed  the 
rule  and  compafs  to  paint  them.  Thefe  ftripes,  which, 
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like  fo  many  ribbons  are  laid  all  over  its  body,  are 
narrow,  parallel,  and  exa&ly  feparated  from  each 
other. 

It  is  now  not  known,  what  were  the  pains  and  the 
dangers  which  were  firft  undergone  to  reclaim  the 
breed  of  horfes  from  favage  ferocity  : thefe,  no  doubt, 
made  an  equal  oppofition  ; but  by  being  oppofed  by 
an  induftrious  and  enterprifing  race  of  mankind,  their 
fpirit  was  at  laft  fubdued,  and  their  freedom  reftrained. 

It  is  otherwife  with  regard  to  the  zebra : it  is  the 
native  of  countries  where  the  human  inhabitants  are 
but  little  raifed  above  the  quadruped.  The  natives  of 
Angola  or  Cafraria,  have  no  other  idea  of  advantage 
from  horfes,  but  as  -they  are  good  for  food ; neither 
the  fine  ftature  of  the  Arabian  courfer,  nor  the  delicate 
colourings  of  the  zebra,  have  any  allurements  to  a 
race  of  people  who  only  confider  the  quantity  of  flefh, 
and  not  its  conformation.  The  delicacy  of  the  zebra's 
lhape,  or  the  painted  elegance  of  its  form,  are  no  more 
regarded  by  fuch,  than  by  the  lion  that  makes  it  his 
prey.  Perhaps  the  zebra  may  have  hitherto  continued 
•wild,  becaufe  it  is  the  native  of  a country  where  there 
have  been  no  efforts  made  to  reclaim  it.  All  purfuits 
then  were  rather  againft  its  life  than  its  liberty  ; the 
animal  has  thus  been  long  taught  to  confider  man  as 
its  mortal  enemy ; and  it  is  not  to  be  wondered,  that 
it  refufes  to  yield  obedience  where  it  has  fo  feldom  ex- 
perienced mercy. 

- All  animals  feem  perfectly  to  know  their  enemies, 
and  to  avoid  them  at  the  fame  time ; which  we  cannot 
account  for.  Inftinft,  indeed,  may  teach  the  deer  to 
fly  from  the  lion ; or  the  moufe  to  avoid  the  cat : — but 
what  is  the  principle  that  teaches  the  dog  to  attack  the 
dog-butcher  wherever  he  fees  him  ? In  China,  where 
the  killing-  and  drefling  dogs  is  a trade,  whenever  one 
of  thefe  move  out,  all  the  dogs  in  the  village,  or  the 
ftreet,  are  fure  to  be  after  him. 

I have  feen,  (fays  Dr.  G — ) more  than  one  inftance 
of  the  fame  kind  among  ourfelves.  I have  feen  a poor 
fellow,  who  made  a pradlice  of  ftealing  and  killing 
dogs  for  their  fkins,  purfued  hue  and  cry  for  three  or 
four  ftreets  together,  by  all  the  bolder  breed  of  dogs, 
while  the  weaker  flew  from  his  prefence  with  affright. ; 
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How  thefe  animals  could  thus  find  out  their  enemy1, 
and  purfue  him,  is  unaccountable ; but  fuch  i$  the 
fa<ft ; and  it  not  only  obtains  in  dogs,  but  in  feveral 
-other  animals,  though  perhaps  to  a lefs  degree. 

The  noife  of  the  zebra  is  neither  like  that  of  a horfe- 
or  afs,  but  more  refembling  the  confufed  barking  of  a 
maftiff  dog.  In  the  two  which  I faw,  there  was  a 
.circumftance,  that  feems  to  have  efcaped  naturalifts  ; 
which  is,  that  the  {kin  hangs  loofe  below  the  jaw, 
upon  the  neck,  in  a kind  of  dewlap,  which  takes  away 
much  from  the  general  beauty. 

The  fquirrel  is  a beautiful  little  animal ; which  from 
the  gentlenefs  of  its  manners,  deferves  our  proteftion. 
It  is  not  hurtful,  its  ufual  food  is  fruits,  nuts  and 
acorns  ; it  is  cleanly,  nimble,  afiive,  and  induftrious  ; 
its  eyes  are  fparkling,  and  its  phyfiognomy  marked 
with  meaning.  It  generally,  like  the  hare  and  rabbit, 
fits  upon  its  hinder  legs,  and  ufes  the  fore  paws  as 
hands  ; thefe  have  five  daws  as  they  are  called,  and 
one  of  them  is  feparated  from  the  reft  like  a thumb. 
This  animal  feems  to  approach  the  nature  of  a bird, 
from  its  lightnefs  and  furprifing  agility.  It  feldom 
defcends  to  the  ground,  except  in  cafe  of  ftorms,  but 
jumps  from  one  branch  to  another  ; feeds  in  fpring,  on 
the  buds  and  young  fhoots  ; in  fummer,  on  thq  ripen- 
ing fruits : and  particularly  the  young  coves  of  the 
pine  tree.  In  autumn  it  has  an  extenfive  variety,  the 
acorn,  the  filbird,  the  chefmit,  and  the  wilding.  This 
feafon  of  plenty,  however,  is  not  fpent  in  idle  enjoy- 
ment; the  provident  little  animal  gathers  at  that  time 
its  provisions  for  the  winter,  and  cautioufly  forefeesthe 
feafon  when  the  foreft  fhall  be  ftripped  of  its  leaves  and 
fruitage. 

Its  neft  is  generally  formed  among  tbe  large  branches 
of  a great  tree,  where  they  begin  to  fork  off  into  fmall 
ones.  After  chufing  the  place  where  the  timber  be- 
gins to  decay,  and  a hollow  may  eafily  be  formed,  the 
fquirrel  begins  by  making  a kind  of  level  between  the 
forks  ; and  then  bringing  mofs,  twigs,  and  dry  leaves, 
it  binds  them  together  with  great  art,  fo  as  to  refiftthe 
moft  violent  ftorm.  This  is  covered  on  all  fides ; and 
has  but  a fingle  opening  at  top,  which  is  juft  large 
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enough  to  admit.the  little  animal  ;,  and  this  opening 
is  itfelf  defended  frqm  the  weather  by  a kind  of  ca- 
nopy that  throws  off  the  rain,  though  never  fo  heavy. 
The  neft  thus  formed,  with  a very  little  opening 
above,  is,  neverthelefs,  very  commodious  and  roomy 
below ; foft,  well  knit  together,  and  every  way  con- 
venient and  warm.  In  this  retreat  the,  little  animal 
brings  forth  its  young,  fhelters  itfelf  from  the  heat  of 
the  fun,  which  it  feems  to  fear,  and  from  the-  ftprms 
and  inclemency  of  the  winter,  which  it  is  ftill  lefs  ca- 
pable of  fupporting.  Its  provifion  of  nuts  and  acorns: 
is  feldom  in  its  neft,  but  in  the  hollows  of  the  tree,  laid 
up  carefully  together,  and  never  pouched  but  in  cafes 
of  neceffity.  . Thus  , one  Angle  tree  ferves  for  a retreat 
and  a iiore-houfe,  and  without  leaving  it  during  the 
'winter,  the  fquirrel  poffeffes  all  thofe  enjoyments  that- 
its  nature  is  capable  of  receiving. 

^ - 9 i ' "... 

The  marmot  is  almoft  as  big  as  a hare,  but  is  more 
corpulent  than  a cat,  and  has  {hotter  legs.  Its  head, 
pretty  nearly  refembles  that  of  a hare,  except  that  its 
ears  are  much  (hotter.  It  is  clothed  all  over  with  veiy . 
long  hair,  and  a (horter-fur  below.  Thefe  are  of  dif- 
ferent colours,  black  and  grey. 

The  length  of  the  hair  gives  the  body  the  appear- 
ance of  greater  corpulence  than -it  really  has,  and  at 
the  fame  time  fhortens  the  feet  fo  that  its  belly  feems  to 
touch  the  ground.  Its  tail  is  tufted  and  well  furniflied 
with  hair,  and  it  is  carried  in  a ftrait  direction  with  its 
body.  It  has  five  claws  behind,  and  only.four  before.  • 
Thefe  it  .ufes  as  the  fquirrel  does,  to  carry  its  food  to 
its  mouth*  andlt  ufually  fits  upon  its  hinder  parts  to 
feed  Jr.  the  manner  of  that  little  animal..  It  is  readily 
tau'  ht  to  dance,  to  wield  a cudgel,  and  to  obey  the. 
voice  pf  its  matter.  Like  the  cat,  it  has  ap  antipathy 
to  the  dog,  and  when  it  becomes  familiar  to  the  family,* 
and  is  fure  of  being  Supported  by  its  matter,  it  attacks 
and  bites  even  the  largeft  maftiff.  From  its  fquat  muf- 
cular  make,  it  has  great  ftrength  joined  to  great  agi- 
lity. However,  it  is  in  general  a very  inoffenuve  ani- 
mal: and,  except  its  enmity  to  dogs,  feems  to  live  in 
friendfhip  with  every  creature,  unlefs  when  prpvoked. 
As  its  legs  are  very  fixort,  and  .made  fomew hat  like* 
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thofe ' of  a bear,  it-  is  often  feen  fitting  up,  and  even 
walking  on  its  hind  legs.  Like  all  the  hare  kind,  it' 
runs  much  fwifter  up  hill  than  down ; it  climbs  trees 
with  great  eafe,  and  runs  up  the  clefts  of  rocks,  or  the 
contiguous  walls  of  houfes-,  with  great  facility. 

Thofe  arms  which  the  hedge-hog  poffefles  in  minia- 
ture, the  porcupine  has  in  an  enlarged  degree. 

In  the  one,  the  fpines  are  but  an  inch  long ; in  the 
other,  a foot.  > The  porcupine  is  about  two  feet  long, 
and  fifteen  inches  high.  It  is  covered  with  quills  from 
ten  to  fourteen  inches  long,  refembling  the  barrel  of  a 
goofe- quill  in  thicknefs  ; but  tapering  and  fharp  at 
both  ends.  Each  quill  is  thickeft  in  the  middle ; and 
inferted  into  the  animal’s  {kin,  in  the  fame  manner  as 
feathers  in  birds.  The  biggeft  are  often  fifteen  inches 
long,  and  a quarter  of  an  inch  in  diameter  ; extreme- 
ly (harp,  and  capable  of  inflicting  a mortal  wound. — 
They  are  harder  than  common  quills,  and  folid  at  the 
end  which  is  not  fixed  in  the  fkin.  All  thefe  quills,  in- 
cline backwards,  like  the  briitles  of  a hog  ; but  when 
the  animal  is  irritated,  rile,  and  Hand  upright.  \ 

Such  is  the  formation  of  this  quadruped,  in  thofe 
parts  in  which  it  differs  from  moft  others.  As  to  the 
reft  of  its  figure,  the  muzzle  bears  fome  refemblance 
to  that  of  a hare,  but  black ; the  legs  are  very  lhort, 
and  the  feet  have  five  toes,  both  before  and  behind ; 
and  thefe,  as  well  as  the  belly,  the  head,  and  all  other 
parts  of  the  body,  are  covered  with  a fort  of  fhort  hair, 
like  prickles  ; there  being  no  part,  except  the  ears  and 
the  foie  of  the  foot,  that  is  free  from  them;  the  ears 
are  thinly  covered  with  very  fine  hair ; and  are  in  fhapc 
like  thofe  of  mankind : the  eyes  are  fmalt  like  thofe  of 
a hog,  being  only  one  third  of  an  inch  frorp  one  cor- 
ner to  the  other.  After  the  Ikin  is  taken  o S,  there 
appears  a kind  of  paps  on  thofe  parts  of  the  body  from 
whence  the  large  quills  proceed  ; thefe  are  about  the 
dize  of  a fmall  pea,  each  anfwering  to  as  many  holes 
as  appear  on  the  outward  furface  of  the  {kin,  and 
which  are  about  half  an  inch  deep,  like  as  many  hoi- 
low  pipes,  wherein  the  quills  are  fixed,  as  in  fo  many 
flieaths. 
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'“This  animal  partakes  much,  of  the  mature  of  the 
; hedge-hog  ; having  this  formidable  apparatus  rather 
to  defend  itfelf,  than  annoy  the. enemy.  Indeed  many 
have  fuppofed  that  it - was  capable  of  difcharging  at 
its  foes,  its  quills.  But,  it  is  now  well  known  jhat  its 
-quills  remain  fixed  in  the  fkin,  and  are  then  only  ; 

fhedr  when  the  animal  mpults  them,  as  birds  do  their 
feathers.  - 

The  pangolin,  a native  of  the  torrid  climates  of  the 
ancient  continent,  is,  of  all  animals,  the  bed  protected  4 

from  external  injury.  It  is  three  or  four  feet  long,  or, 
taking  in  the  tail,  from  fix  to  eight.  It  has  a fmail 
head,  a very  long  nofe,  a fliort  thick  neck,  a long 
body,  legs  very  fhort,  and  a tail  extremely  long.  It 
has  no  teeth,  but  is  armed  with  five  toes  on  each  foot, 
with  long  white  claws.  But  what  it  is  chiefly  diitin- 
guiftied  by,  is  its  fcaly  covering.  Thefe  fcales  defend 
L the  animal  on  all  parts,  except  the  under  part  of  the 

head  and  neck,  under  the  (boulders,  the  bread,  the 
belly,  and  the  inner  fide  of  the  legs  ; all  which  parts 
are  covered  with  a Smooth,  foft  (kin,  without  hair.  The 
fcales  of  this  extraordinary  creature  are  of  different 
fizes  and  different  forms,  and  duck  aipon  the  body 
feme  what  like  the  leaves  of  an  artichoke.  The  larged 

I -are -near  the 'tail.,  which  is  covered  with  them  like  the  j ■ 

red  of  the  body.  Thefe  are  above  three  inches  broad, 
and  about  two  inches  long-;  thick  in  the  middle,  and 
fiiarp  at  the  edges.  They  are  extremely  hard,  like  • 
r horn.  They  are  convex  on  the  outfide,  and  a little 

concave  on  the  inner;  one  edge  dicks  in  the  (kin,  V 
while  the  other  laps  over  that  immediately  behind  it. 

Thofe  that  cover  the  tail  are  fo  hard,  when  the  animal 
has  acquired  its  full  growth,  as  to  turn  a mufejuet- 

bail.  . • 

This  lapped  round  the  red  of  thehody,  and,  being 
defended  with  (fells  even  more  xutting  than  any  other 
part,  the  creature  continues  in  perfefi  fecurity.  Its 
(hells  are  fo  large,  le  thick,  and  fo  pointed,  that  they 
repel  every  animal  of  prey ; they  make  a coat  of  ar- 
mour that  wounds  while  it  refids,  and  at  once  pro?* 
tCifls  and  threatens.  The  mod  cruel  beads  of  the  fo* 
red,  the  tiger,  the  panther,  and  hyaena,  make  vain  at- 
tempts _ 
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t&mpts  to  force  it.  They  roll  it  about,  hilt  all  to  rib 
purpofe  ; the  pangolin  remains  fafe  while  its  invader 
feels  the  reward  of  its  raftmefs.  •+ 

The  armadillo  is  chiefly  an'  inhabitant  of  South ; 
America,;  a harmlefs  creature,  incapable  of  offending 
any  other,  and  furnifhed  with  a peculiar  covering  for 
ks  own  defence.  * , . 

This  animat  being  cohered  like  a tortoife,  witlra 
fliell,*  or  rather  a number  of  {hells,  its  other  propor- 
tions are  not  eafily  difcerned.  It  appears  at  fir  ft  view,  v 
a round  miftraperi  mafs,~  with  a long  head,  and  a very 
large  tail  flicking  out  at  either  end.  . 

It  is  of  different  ftzeS,  from  a foot  * to  three  feet 
long,  and  covered  * with  a fhell*  divided  into  feveral' 
pieces,  that  lap  over  each  other,  like  the  plates  in  the 
tail  of^a  lobfter.-  This  covers  the  head,  the  neck;  the 
back,  the  fides,  the  rump,  and  the  tail,  to  the  very  point. 

The  only  parts  to  which  it  does  not  extend  are,  the 
throat,  the  breaft,  and  trie  belly, -which  are  covered' 
with  a white  foft  fkin.  - By.  this  means  the  animal  has 
a motion  in  its  back,  and  the  armour  gives  way  to  its 
neceflary  inflexions.  Thefe  (hells  are  differently  co- 
lottred  in  different  kinds,  but  moft  ufually  they  are  of 
a dirty  grey.  This  colour  in  all -arifes  from  another 
peculiar  circumftance  in  their  conformation ; for  the  * 

(hell  itfelf  is  covered  with  a foftifh  (kin*  which  is 
fmooth  and  tranfparent.  » 

Beafl^§  may  be  confidered  as  a numerous  groupe, 
terminated  on  every  fide  by  fome,  that  but  in  part  de- 
ferve  the  name*  On  one  quarter  we  fee  a tribe  cover- 
ed with  quills,  or  furnifhed  with  wings,  that  lift  them 
among  the  inhabitants  of  the  air  ; on  another,  we  be- 
hold a diverfity  clothed  with  fcales  and  (hells,  to  rank 
with  infe&s ; and  ftill,  on’  a third,  we  fee'  them  de- 
fcending  into  the  waters,  to  live  among  the  mute  te- 
nants of  that  element.  We  now  come  to  a numerous 
tribe,  that  feem  to  make  approaches  even  to  humanity  ; 
that  bear  an  aukward  refemblance  of  the  human  form, 
and  difcover  the  fame  faint  efforts  at  intelle&ual  faga-  K 
city,* 
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Animals  of  the  Monkey  clafs  are  furnifhed  with 
hands  inftead  of  paws  ; their  ears,  eyes,  eye-lids,  lips, 
and  breafts,  are  like  thofe  of  mankind  ; their  internal 
-conformation  alfo  bears  fome  diftant  likenefs ; and 
the  whole  offers  a picture  that  may  mortify  -the  pride 
of  fuch  as  make  their  perfons  the  principal  object  of 
. their  admiration.  ' r 

Thefe  approaches,  however,  are  gradual,  and  fome 
' bear  the  marks  of  our  form,  more  ftrongly  than 
ethers.  , 

In  the  ape-kind,  we  fee  the  whole  external  machine 
ftrongly  imprefled  with  the  human  likenefs ; thefe 
walk  upright,  want  a tail,  have  flelhy  pofteriors,  have 
calves  to  their  legs,  and  feet  nearly  like  ours. 

In  the  baboon-kind,  we  perceive  a more  diftant  ap- 
proach ; the  bead  mixing  in  every  part  of  the  animal’s 
figure : thefe  generally  go  upon  all  fours  * but  fome,  ' 
when  upright,  are  as  tall  as  a man  : they  have  ftiort 
tails,  long  fnouts,  and  are  poffeffed  of  brutal  fierce- 

nefs. . . : 

* • — * , / 

The  Monkey-kind  are  removed  a ftep  further:  thefe 
are  much  lefs ; with  tails  as  long  as  their  bodies,  and 
flattilh  faces. 

Laftly,  the  opoffum-kind,  feem  to  lofe  all  refem- 
blance  of  the  human  figure,  except  in  having  hands, 
their  nofes  are  lengthened  out,  and  every  part  of  their 
bodies  totally  different  from  the  human  ; however,  as 
they  grafp  their  food,  with  one  hand,  which  beafts 
cannot  do,  this  fingle  fimilitude  gives  them  an  air  of 
fagacity,  to  which  they  have  fcarce  any  other  preten- 

• lions.  ; 

The  baboon,  is  from  three  to  four  feet  high,  very 

• ftrong  built,  with  a thick  body  and  limbs,  and  canine 
teeth,  much  longer  than  thole,  of  men.  It  walks  more 
commonly  upon  all  fours  than  upright,  and  its  hands  - 

i as  well  as  its  feet  are  armed  with  long,  ftiarp  claws, 
inftead  of  the  broad,  round  nails'  of  the  ape-kind. 

At  the  Cape  of  Good-Hope,  they  are  under  a fort 
of  natural  difcipline,  and  go  about  whatever  they  un- 

, ' dertake 

\ 

J ? * 


/ 


■ 


( i is  j 

dCftake  with  furprifing  {kill  and  regularity.  Whed 
they  fet  about  rbbbing  an  orchard  or  vineyard,  (for 
they  are  extremely  fond  of  grapes,  and  apples ) * they 
go  in  large  companies,  and  with  preconcerted  delibe- 
ration ; part  of  them  enter  the  ericlofure,  while  one  is 
fet  to  watchv  The  reft  ftand  without  the  fence,  and 
form  a line  reaching  all  the  way  from  their'  fellows 
Within  to  their  rendezvous  without,  which  is  generally 
in  fome  craggy  mountain.  Every  thing  being  thus 
difpofed,  the  plunderer^  within  the  orchard  throw  the 
fruit  to  thofe  that  are  without  as  daft  as  they  can  ga- 
ther it ; or,  if  the  wall  or  hedge  be  high,  to  thofe  that 
fit  on  the  top  5-  and  thefe  hand  the  plunder  to  thofe 
next  them  on  the  other  fide.  Thus  the  fruit  is  pitched 
from  one  to  anothet  all  along  the  line,  till  it  is  fafe- 
lyvdepofited  at  their  head  qtiarters.  They  catch 
it  as.  readily  as.  the  moft  ikilful  tennis-player  can 
a ball  { and  while  the  bufinefs  is  going  forward,  a 
profound  filence  is  obferved.  'Their  fentinel,  during 
this  whole  time,  continues  upon'  the  watch,  and  if  he 
perceives  any  ohe  coming,  inftantly  fets  up  a loud  cry, 
on  which  fignal,  the  whole  company  fcamper . off.— 
Nor  yet  are  they  willing  to  go  empty  handed for  if 
they  be  plundering  a bed  of  melons,  for  inftance,  they 
go  off  with  one  in  their  mouths,  one  in  their  handst- 
and one  under  their  arm.  If  the  purfuit  is  hot,  they 
drop  firft  that  from  under  their  arm,  then  that  from 
their  hand;  and,  if  it  be  continued,  they  at  Taft  let* 
fall  that  which  they  had  kept  in  their  mouths. 


The  chimpanaze  is  an  animal  found  in  Angola,- 
nearly  approaching  to  the  humati  figure  ; * but  of  a' 
fierce  difpofition,  and  remarkably  mifchievous.  In 
the  year  1738,  one  of  thefe  creatures  was  brought 
over  to  England*  It  was  about  twenty  months  old 
£The  parent  had  it  in  her  arms,,  when  (he  was  killed  : 
fhe  was  five  feet  high.].  It  was  of  the  female  fex,  na- 
turally walked  ere<ft,  was  hairy  on  *oitf  e part  of  the 
body  and  limbs,  and  of  a ftrong,  mufcular  make.  It 
would"  eat  a*y  cOurfe  food,  hut  was  very  fond  of  teaf 
which  it  drank  out  of  a cup,  with  milk  and  fugar,  as 
we  do.  It  flept  in  the  manner  of  the  human  Species* 
and  its  voice  refembled  the  human,  when  people  fpeak 
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very  haftily  ; but  without  any  articulate  founds. , The 
males  of  this  fpecies  are  very  bold,  and  will  fight  a 
man,  though  he  is  armed.  It  is  faid,  they  often  aflatdt 
and  ravifti  the  negro  women,  when  they  meet  them  in 
the  woods. 


There  is  another  ftrange  fpecies  of  monkey  found  m 
the  Weft-Indies,  of  the  fize  of  a fox.  Its  face  is  raif- 
ed  high,  its  eyes  black  and  ftiining,  and  its  ears  fmall 
and  round.  His  hairs  are  lb  nicely  diipofed  all  over 
the  body,  that  he  appears  perfe&ly  fmooth  : and  they 
are  much  longer  under  the  chin,  fo  that  they  form  a 
kind  of  beard  there. 

Thefe  are  found  in  great  numbers  in  the  woods* 
and  make  a loud  and  frightful  noife.  But  it  is  very 
common  for  one  only  to  make  a noife,  and  the  reft 
to  form  a mute  affemby  round  him. 


Marcgrave  fays,  " I have  frequently  feen  great 
numbers  of  them,  meeting  about  noon  : at  which 
time  they  formed  a large  circle,  and  one  placing  him- 
felf  above  the  reft,  began  to  make  a loud  noife. — 
When  he  had  fung  thus  by  himfelf,'  for  fome  time,  the 
reft  all  remaining  filent,  he  lifted  up  his  hand,  andl 
they  all  inftantly  joined  in  a fort  of  chorus.  This  in* 
tolerable  yell  continued,  till  the  fame  monkey,  who 
gave  the  fignal  for  their  beginning,  lifted  up  his  hand 
a fecond  time.  On  this  they  were  all  filent  again,  and 
fo  finifhed  the  bufinefs  of  the  affembly.” 


The  opoflum,  is  about  the  fize  of  a cat,  only  more 
corpulent,  and  its  legs  more  robuft.  It  is  of  a kind  of 
chefnut  colour,  very  bright  and  gloffy.  . Its  head  is 
long,  and  terminates  in  a fnout,  fomewhat  like  a fox’s. 
The  tail  is  long,  and  much  refembles  that  of  a rat, 
which  it  twifts  about  with  a furprifing  facility.  The 
legs  being  fhort,  the  body  is  carried  at  no  great  dif- 
tance  from  the  ground.  On  the  belly  of  the  female, 
a bag  is  formed  by  the  Ikin  being  doubled.  It  is  not 
very  deep,  the  clofeft  part  being  toward  the  upper  part 
of  the  body,  and  the  open  part  toward  the  lower.— 
This  is  covered  with  fur,  like  the  reft  of  the  body,  fo 
that  it  is  not  very  obvious  to  the  fight. 

• ' - It 
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. It  is  a harmlefs,  but  likewife  a defencelefs  animal : 
and  the  young  of  no  creature,  are  produced  fo  fmall 
and  tender,  in  refpedt  of  the  parent  animal. \ There- 
fore that  bag  is  extremely  ufeful  to  them.  They  are 
cherifhed  thereby  the  warmth  of  the  parent’s  body,  till 
toward  noon : then  they  go  abroad,  till  at  the  firft 
/warning  by  the  evening-cold,1  they  retire  into  their 
lodging  again.  Nor  is  this  all  the  help  which  it  affords. 
For  as  the  tender  young  of  the  opoffum  are  delicate 
morfels,  they  would  be  expofed  to  the  rage  of  many 
animals,  both  by  day  and  night.  But  the  body  of' the 
parent  is  a fafe  and  ready  receptacle  for  them..  By 
day  (he  is  as  watchful  over  her' brood,  as  a hen  over 
her  chickens;  She  is  alarmed  at  tHe  flighted  appear- 
ance of  danger,-  and  by  a noife  which  they  well  under- 
ftand,  inftantly  calls  them  into  her  bag.  At  night  fhe 
conftantly  takes  them  in,  and  confults  for  herfelf  and 
them  in  a very  uncommon’  manner.  There  are  thofe 
among  the  devourers  of  her  young,*  who  will  climb  a 
tree  after  her.  Therefore  when  fhe  has  climbed,  to 
fecure  herfelf  and  her  young  ftill  farther,  (he  twifts 
her  tail  twice  round  fame  fmall  bought  and  then  drops 
from  it.  There  (he  hangs  with  her  head  downward : 
and  whenever  flie  pleafes,  fhe  recovers  the  branch  with, 
her  feet  by  a fwing,  and  loofening  her  tail,  walks 
about  as  ufual. 

To  enable  her  thus  to  hang,  there  are  fpikes  or  hooks 
in  the  under  fide  of  the  vertebras  of  the  tail.  Indeed, 
in  the  firft  three  vertebrae  there  are  none  ; for  there  th^y 
would 'be  of  no  ufe.  But  they  are  found  in  all  the 
reft.  They  are  placed  juft  at  the  articulation  of  each 
joint,  and  in  the  middle  from  the  Tides.  Nothing  could 
be  more  advantageoufly  contrived.  For  when  the  tail 
is  twifted  round  a bough,  thefe  hooks  eafily  fuftain  the 
weight.  'And  there  is  no  more  labour  of  the  mufcles 
required,  than  juft  to  bow  or  crook  the  tail. 

Another  animal  of  a very  peculiar  kind  is  an 
Ichneumon.  It  is  of  the  weafel-kind,  with  a longer 
and  narrower  body  than  a cat,  fomething  approach* 
ing  to  the  fliape  and  colour  of  a badger.  Its  nofe  is 
black  and  fharp,  like  that  of  a ferret.  Its  colour  is  a 
yellowifh  grey.  Its  legs  are  fhort,  and  each  of  its  feet 
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has  five  toes.  Its  tail  is  very  long ; its  teeth  and 
tongue  niuch  like  thofe  of  a cat.  It  is  a very  cleanly 
animal,  very  brilk  and  nimble,  and  of  great  courage. 
It  will  engage  a dog,  and  will  deftroy  a cat,  by  three 
bites  on  the  throat.  But  it  is  quite  inoffenfive  to  man- 
kind, and^is  kept  tame  in  .Egypt,  running  about  the 
houfe,  deftroying  all  vermin,  and  playing  tricks,  like 
Ipaniels. 

When  wild,  he  cannot  overtake  any  nimble  animal. 
But  he  makes  this  up  by  afliduity.  His  legs  being 
fhort,  he  is  not  much  feen : but  he  has  a way  of  con-  * 
cealing  himfelf  yet  more,  by  crawling  with  his  belly 
clofe  to  ground,  which  he  does  all  day  long.  But  on 
the  lead  noife  (for  his  hearing  is  exceeding  quick)  he 
darts  up  ere#  oil  his  hinder  legs.  If  the  noife  is  made 
by  any  reptile,  bird,  or  fmall  bead,  he  obferves  where 
about s it  is,  places  his  nofe  directly  in  a line  with  it, 
and  begins  to  move  toward  it.  He  is  filent  and  flow, 
but  conftant  in  his  approach  ; often  flopping  to  hear 
or  look  forward,  and  knows  exactly  where  the  crea- 
ture is : when  he  is  got  within  about  five  feet,  he  flops. 
Nature,  -which  has  denied  him  fpeed,  has  given  him 
ftrength  to  leap,  beyond  moft  other  creatures.  Hav- 
jng  taken  good  aim,  he  fprings  from  the  place,  and 
* falls  diredtly  on  his  prey.  Thus  he  deals  with  beads 
r and  birds.  But  to  ferpents  he  gives  chace,  and  to 
avoid  their  bite,  always  feizes  them  by  the  neck. 

Gefner  tells,  that  the  Ichneumon  is  not  only  an 
enemy  xq,  ferpents  themfelves,  but  to  their  eggs  alfo : 
which  he  hunts  after  continually  and  deftroy  s,  though 
he  does  not  feed  upon  them. — How  mercifully  has 
God  given  this  animal  in  the  countries  where  thofe  ter- 
rible reptiles  moft  abound  ! And  which,  without  this 
provifion,  would  be  fo  over-run  with  them,  as  to  be 
uninhabitable. 

The  jackal  is  of  the  carnivorous  kind.  They  hunt  . 
by  fcent  and  go  in  packs.  They  purfue  with  patience, 
rather  than  fwiftnefs,  and  excite  each  other  by  a ipirit 
of  emulation. 

It  goes  for  current  that  the  jackal  difcovers  the 

lion’s  prey  j that  each  of:  thefe  retains  one  of  them, 
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and  having  fatisfied  himfelf,  lets  his  dependent  feed  on* 
the  offals  of  his  repad. 

But  the  truth  is,  there  are  great  numbers  of  jackals 
in  fome  woods,  and  when  one  of  thefe  lees  a hag,  or 
other  large  bead,  which  is  not  a bead  of  prey,  he  fets 
up  his  cry,  which  is  like  that  of  a hound,  and  follows" 
it.  As  he  continues  his  cry,  the  other  jackals  that  are 
within  hearing  follow  likewife.  And  could  the" 
creature  out-run  tliofe  that  began  the  chaee,  there  is  a 
continual  fupply  ; fo  that-it  cannot  efcape.  When  they 
have  run  it  down,  they  worry  it  at  once,  and  it  is  de- 
voured almoft  in  an  inftant.  After  this  the  jackals 
difperfe,  till  another  cry  invites  them. 

They  hunt  generally  in  the  night,  and  in  the  parts 
of  the  Eaft,  where  they  are  mod  frequent,  there  never 
is*  a night  but  they  are  heard,  in  one  part  or  other  of 
the  woods.  The  other  beads  of  prey  underhand  the 
found : and  frequently  profit  by  it.  If  a lion,  tyger,  • 
or  leopard  happens  to  be  near,  he  hears  the  cry,  and 
hands  upon  the  watchi  Thefe  large  animals  are  all 
very  fwift,  but  they  are  lazy,  and  never  make  long 
purfuits.  If  the  creature  purfued  be  far  off*  and  runs 
another  way,  they  never  trouble  themfelves  about  it. 
But  if  it  be  near,  or  if  it  run  toward  the  place  where 
the  lion  is,  he.  will  dart  outupon  it  as  it  goes  by.  And 
the  little  animals  that  hunted  it  down  mud  ftand  by,* 
and  be  content  with  what  their  mader  leaves. 

The  fable-mice,  ( which  were  fird  oblerved  in  Lap- 
land,  in  1697)  are  near  as  big  as  a fmall  fquirreh—- 
. Their  lkin  is  dreaked  and  fpotted  with  black  and  light 
brown.  They  have  two  teeth  above,  and  two  under, 
very  lharp  and  pointed.  Their  feet  are  like  a fquirrel’s. 
They  are  fo  fierce,  that  if  a dick  be  held  out  to  them, 
they  wiU  bite  it,  and  hold  fo  fad,  that  they  may  be 
fwinged  about  in  the  air.  In  their  march  they  keep 
a diredt  line,  generally  from  north-eaft  to  fouth-wedv 
Innumerable  thoufands  are' in  each  troop,- which  is 
ufually  a fquare.  They  lie  dill  by  day,  and  march . 

• by  night.  The  didance  of  the  lines  they  go  in,  pa- 
rallel to  each  other,  is  of  fome  ells.  Whatever  they 
meet  in  their  way,  though  it  were  a-  fire,  a deep  well, 
a torrent,  lake,  or  morai's,  they  avoid  it  not,  but  rulh 

• forward.  By  this  means  many  thoufands  of  them  are 
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deftroyecl.  If  they  are  met  fwimming  over  a lake 
and  are  forced  out  of  their  courfe,  they  quickly  return 
into  it  again.  If  they  are  met  in  woods  or  fields  and 
ftopt,  they  raife  therrifelves  on  their  hinder  legs,  like 
a dog,  and  make  a kind  of  barking  noife,  leaping  up 
as  high  as  a man’s  knee,  and  defending  their  line  as 
long  as  they  can.  If  at  laft  they  are  forced  out  of  it,  _ 
they  creep  into  holes,  and  fet  up  a cry,  founding  like 
biab,  biab.  If  a houfe  Hands  in  their  way,  they  never 
come  into  it,  but  flop  there  till  they  die.  But  they 
will  eat  their  way  through  a Hack  of  corn  or  hay.-— 
When  they  march  through  a meadow,  they  eat  the 
roots  of  the  grafs  : and  if  they  encamp  there  by  day, 
they  utterly  fpoil  it,  and  make  it  look  juft  as  if  it  had 
been  burnt.  They  are  exceeding  fruitful ; but  their 
breeding  does  not  hinder  their  march.  For  fome  of 
them  have  been  obferved,  to  carry  one  young  in  their 
mouth,  and  another  upon  their  back.  In  winter  they 
live  under  the  fnow,  having  their  breathing-holes,  as 

hares  and  other  creatures  have. 

• / - •'  ^ • , . - 

I would  mention  only  two  creatures  more,  very  ex- 
traordinary, and  yet  but  little  known. 

The  glutton  is  frequent  in  the  forefts  of  Germany. 

It  is  rarely  feen  twice  of  the  fame  figure.  It  is  of  the 
weafel-kind,  and  is  in  its  middle  ftate,  about  the  fize 
' of  a turn-fpit  dog.  Its  body  is  long,  its  legs  fliort. — 
Its  colour  is  brown,  with  a reddifh  tinge  ; but  its  bread 
and  belly  are  white.  The  tail  is  long  and  bufhy  ; the 
head  fmall  and  (harp  at  the  nofe.  The  teeth  are  ex- 
ceeding (harp,  and  the  claws  {harper  than  almoft  in 
any  creature. 

This  is  the  mod  hungry  animal  in  the  world,  but  is 
ill  provided  for  catching  its  prey. Moft  creatures  can 
out-run  it,  and  itfelf  can  fcarce  run  away  from  any 
thing.  But  what  he  wants  in  fwiftnefs,  he  has  in  climb- 
ing, which  he  performs  to  admiration  : its  (harp  claws 
enabling  it  to  run  up  a tree  as  faft  as  on  the  ground. 

Its  ufual  place  is  fome  large  and  fpreading  oak,  chofe 
both  for  fafety  and  for  catching  its  prey.  He  fquats  all 
day  on  fome  large  branch  ; and  if  nothing  offers  be- 
low, he  preys  in  the  night  on  whatever  creatures  he 
can  find  on  the  tree  above.  Many  birds  rooft  on  fuch 
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trees,  which  he  climbs  foftly  to,  and  devours.  But 
his  favourite  food  is  larger  animals.  He  will  lie  many 
days  on  a flanting  bough  ; and  when  any  which  he- 
likes  comes  underneath,  he  drops  down  upon  them.—- 
Hares  and  rabbits  feldom  efcape  him ; but  he  chufes 
rather  a goat,  or  any  creature  of  that  fize.  When  one 
of  thefe  come  under  the  tree,  he  creeps  from  bough 
to  bough,  till  he  comes  juft  over  it,  and  then  drops 
down  upon  it.  He  always  contrives  to  fallen  on  the 
neck.  In  an  inftant,  he  fixes  both  his  teeth  and  claws, 
and  lies  acrofs  the  neck,  near  the  (houlders.  Here  he 
is  fecure  ; and  while  the  poor  creature  runs  with  all  its 
fpeed,  he  is  feeding  on  its  flefti.  At  length  it  drops,  and 
he  continues  eating  in  the  fame  ravenous  manner,  till 
from  a mere  fkeleton,  his  back  becomes  round,  and 
his  fides  fwelled  out  like  a tun.  Still  he  continues  to 
eat,  till  he  can  eat  no  longer.  He  too  drops  down,  and 
lies  panting  for  breath.  He  refembles  a dead  carcaie, 
fwelled  and  ready  to  burft  with  lying  in  the  fun  : and 
being  unable  to  move  for  a long  time,  is  frequently 
deftroyed,  and  fometimes  perifhea  without  an  enemy. 

The  God  of  Nature  feems  to  have  formed  the  floth, 
to  reprefent  to  us  in  a ftrong  light,  that  odious  and  de<- 
fpicable  vice,  from  which  it  takes  its  name.  Its  body 
is  fhort,  its  head  fmall,  and  it  has  fcarce  any  tail. — 

Its  fur  is  long,  thick,  and  of  a greyifti  green,  fo  that 

when  feen  on  the  bough  of  a tree,  it  appears  only  like 

an  excrefcence  or  a duller  of  mofs.  it  is  about  the  /, 

fize  of  cat,  but  the  legs  are  fhort,  as  is  the  neck:  and 

its  long  and  thick  covering,  renders  it  fo  (hapelefs,  that 

it  feems  only  an  irregular  lump  of  living  matter.  Its 

little  and  remarkably  ugly  head  Hands  clofe  between 

the  fhoulders.  The  face  has  much  of  the  monkey  a f-  ■ 

pe£l.  Its  fmall  and  heavy  eyes,  are  always  half  (hut, 

and  it  has  no  appearance  at  all  of  any  ears.  Its  feet 

are  flat  and  very  narrow,  but  armed  with  fharp  claws, 

for  laying  hold  on  the  bark  of  a.  tree,  by  ilriking  deep 

into  it.  ^ ^ „ 

He  rarely  changes  his  place  ; and  never,  but  when 
compelled  by  abfolute  neceflity.  As  upon  the  ground 
it  would  be  a prey  to  every  other  animal,  fo  its  conftant 
refidence  is  on  a tree.  Here  it  is  fafe  from  all  animals, 

but 
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but  thofe  who  climb  thefe  trees  for  the  birds  that  roolt 
on  them.  The  leaves  and  tender  part  of  the  tree  are 
its  food,  and  ferve  it  for  drink  us  well  as  meat.  It  ' 

never  moves  to  another  branch,  till  it  has  devoured  all 
the  nourifliment  upon  that  where  it  is  ftationed  : nor 
from  one  tree  to  another,  till  the  firft  is  wholly  wither- 
ed and  wafted. 

It  is  obfervable,  the  floth  always  afcends  to  the  top 
• of  a tree,  only  baiting  as  he  goes,  before  he  begins 
his  devaftations.  And  this  is  doubtlefs  from  the  in- 
' ftin&ive  guidance  of  nature.  For  was  it  to  begin  eat- 
ing  upward,  when  rt  had  devoured  all,  it'would  have 
to  climb  down  from  the  top  of  a dead  tree,  and  would 
be  half  ftarved  in  its  journey.  But  this  is  not  a,ll.— . 

-The  havoc  which  one  floth  makes  on  the  largeft  tree 
is  eafily  feen.  For  he  eats  not  only  the  leaves,  but  all 
the  buds  and  bark,  leaving  only  a dead  branch : fo 
that  unlefs  the  fame  thing  might  happen  by  accident, 
this  would  betray  the  creature.  It  does  fo  happen  ; 

‘ and  trees  then  put  on  the  fame  form,  as  when  they  are 
left  by  the  floth.  But  they  always  die  at  the  top  firft,  I 

^nd  fo  gradually  downward.  This  animal  therefore, 
wonderfully  taught,  begins  its  havoc  at  the  top.  As 
it  feeds,  the  tree  decays  ; but  its  decay  is  in  the  courfe 
of  nature.  The  decay  fpreads  downward  ; and  when 
he  has  eaten  the  laft  of  his  provifioh,  he  is  near  the 
ground,  and  has  only  to  -walk  away  to  another  tree. 

But  if  it  is  at  any  diftance,  his  motion  is  fo  flow,  that 
he  grows  quite  lean  in  the  expedition. 

As  the  floth  brings  forth  her  young  in  the  hollow  of 
' a tree,  fo  is  (he  led  by  the  fame  wonderful  inftinft,  to 
conduct  them  to  the  topmoft  branches,  as  foon  as  they 
crawl  out.  When  fhe  is  big  with  young,  (he  climbs 
Tome  old,  hollow  tree ; and  having  fixed  on  a conve- 
nient  fpot  for  her  young,  fhe  climbs  to  the  very  high- 
' eft  bough,  and  there  feeds  fafter  than  ufual.  Whett 
fhe  is  full,  fhe  defcends  with  unaccuftomed  hafte,  and 
brings  forth  one,  two,  or  three  young  ones.  It  is  well 
fhe  is  full  fed  ; for  fhe  is  to  fupport  thefe  with  her  milk, 
till  they  can  crawl  out,  without  having  any  fupply 
herfelf.  She  is  round  and  flefhy  when  fne  retires  for 
this  purpofe,  but  a mere  fkeleton  when  fhe  comes  out. 

$he  crawls  as  well  as  fhe  can,  to  the  part  where  fhe 

left 
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left  off  feeding,  and  her  young  follow  her.  Nor  will 
fhe  touch  any  thing  in  the  way,  however  both  her  hun- 
ger  and  her  lazinefs  may  prompt  her  to  it. 

It  is  the  moft  timorous  of  all  creatures.  And  with 
reafon  ; for  it  can  neither  fight  nor  fly.  While  it  is 
journeying  on  the  ground,  the  tread  of  & human  foot 
fhakes  the  earth  enough  to  put  it  into  terrors.  It 
trembles  : the  head  is  turned  about  every  way,  and 
the  mouth  is  open  to  cry  like  a young  kitten. 

Infignificant  as  this  creature  is,  there  is  a fpecial 
Providence  in  the  formation  and  care  of  it.  Not  de- 
figned  for  walking,  its  claws  enable  it  to  climb,  and 
then  to  hold  faft  its  ftation.  Helplefs  as  it  is,  the  uni- 
verfal  Provider  has  afligned  it  a place  of  fafety,  where 
it  finds  plenty  of  food  ; and  as  it  cannot  eafily  feek  for 
drink,  it  has  no  need  of  any.  To  render  it  the  lefs  ob- 
noxious  to  purfuit,  its  colour  fecures  it  even  from 
view : and  its  amazing  inftindl  of  feeding  from  the 
top  to  the  bottom,  proves  a defigning  and  directing 
hand. 

, Before  1 proceed  to  fome  general  refle&ions  Upon 
beafts,  I beg  leave  to  take  notice  of  one  eircumftance, 
relating  to  feveral  fpecies  of  rhem,  which  is  very 
ftrange,  though  very  common, — The  horns  of  many 
animals  fall  off  every  year,  and  new  ones  come  in  their 
place.  Our  deer  drop  them  in  March,  and  the  new 
horns  are  full. grown  by  the  July  following.  We  may 
very  juftly  rank  this,  among  the  mod  wonderful  phe- 
nomena of  nature,  which  yields  nothing  analogous  to 
the  growth  of  fuch  hard  folid  bodies,  of  fo  great  a- 
. bulk,  in  fo  (bort  a time.  Many  idle  opinions  have  been 
maintained,  concerning  the  caufe  of  their  falling,  off. 
The  truth  feems  to  be  this : they  are^a  fott  of  vegeta- 
bles, growing  on  animals,  as  the  nails  and  hair  on  man, 

, ' and  feathers  on  birds.  And  there  is  fome  analogy 
f between  the  growth  of  them,  and  that  of  branches  and 
leaves  on  trees.  Trees  commonly  drop  their  leaves  in 
Autumn,  becaufe  the  nouriftiing  juice  flows  into  them 
no  longer.  And  at  certain  periods,  thefe  parts  of  the 
animal  drop  off,  becaufe  the  blood  and  juices  ceaie  to 
flow  in  them.  At  this  time,  the  hollow  part  at  the 
root  of  the  horn  grows  hard,  and  the  pores  through 

which 
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which  the  juices  pafled,  grows  up.  And  as  no  more 
nourilhment  can  then  be  carried  to  the  horn,  it  decays 
and  falls  off.  It  is  probable  this  ftoppage  of  the  pores 
happens,  as  foon  as  the  horns  are  at  their  fall  growth. 
But  they  are  fo  fixt  to  the  head,  that  it  takes  a long 
time  for  them  to  loofen  and  fall.  Whereas  in  leaves, 
their  ftalks  are  fo  tender,  that  when  the  juice  ceafesto 
flow,  they  prefently  wither  and  fall. 

The  analogy  between  the  falling  off  of  deers  horns 
and  the  falling  of  leaves  and  ripe  fruit  from  the  tree, 
will  receive  light  from  obferving  the  procefs  of  nature 
in  the  latter  cafe.  If  the  ftalk  from  which  a ripe  orange 
has  fallen,  be  compared  with  that  part  of  a deer's  fore- 
head, from  which  a horn  is  juft  fallen,  it  will  plainly 
appear,  that  nature  has  operated  by  the  fame  laws  in 
both.  The  young  horns,  while  yet  foft,  are  full  of 
blood-veffels ; and  if  cut  off,  efpecially  near  the  head, 
bleed  violently.  By  thefe  veffels  they  are  fupplied  with 
nourilhment  for  their  growth.  But  thefe  dry  up,  when 
there  is  no  farther  occafion  for  them.  And  hence  it 
is,  that  no  ill  fymptoms  attend  the  falling  off  of  thefe 
parts,  when  full  grown. 

So  far  we  may  give  a probable  account : — But  who 
can  account  for  thft.  that  if  a flag  be  caftrated,  while 
he  is  fo  young  as  not  to  have  horns,  he  will  never  have 
any : and  if  caftrated  afterward,  while  his  horns  are 
on,  he  will  never  caft  them  ? 

10.  It  remains  only  to  add  a few  reflections.  And 
firft,  What  admirable  wifdom  is  difplayed,  in  the  mo- 
tion of  various  animal's,  fuited  to  their  various  occafi- 
ons  ! In  fome,  their  motion  is  fwift ; in  others,  flow ; 
and  both  diverfified  a thoufand  ways.  'v  ,r 

And  firft,  for  fwift  or  flow  motion.  This  is  exactly 
proportioned  to  the  occafion  of  each  animal.  Reptiles, 
whofe  food,  habitation,  and  nefts  lie  in  the  next  clod, 
plant,  tree,  or  hole,  or  which  can  bear  long  hunger, 
need  neither  legs,  nor  wings,  but  their  vermicular 
motion  anfwers  all  their  purpofes. 

Beads,  whofe  occafions  require  a larger  room,  have 
accordingly  a fwifter  motion : and  this  in  various  de-. 
grees,  anfwerable  to  their  range  for  food,  and  the  ene- 
mies they  are  to  efcape  from, 

' '•  ' ‘ But 


' M 


( 185  ) f V 

But  as  for  birds,  who  are  to  traverfe  vaft  tra&s  of 
land  and  water;  for  their  food,,  habitation,  breeding, 
their  young,  and  for  places  of  retreat  and  fecurity, 
from  various  inconveniences : they  are  endowed  with 
the  faculty  of  flying  ; and  that  fwiftly  or  flowly,  along 
or  ftiort  time,  according  to  their  occafions.  In  all  this, 
the  wifdom  of  God  appears,  ordering  all  things  well. 

Again.  How  admirable  in  the  ^notion  of  all  crea- 
tures, is  the  neat,  geometrical  performance  of  it  !*— 
The  moll  accurate  mathematician  cannot  prefcribe  a 
nicer  motion  than  that  they  perform,  to  the  legs  and 
wings  of  thofe  that  fly  or  walk,  or  to  the  bodies  of 
thofe  that  creep.  Neither  can  the  body  be  more  com- 
pletely poifed,  for  the  motion  it  is  to  have  in  every 
. creature.  From  the  largeft  elephant  to  the  fmalleft 
mite,  the  body  is  exadtly  balanced.  The  head  is  not 
too  heavy,  nor  too  light  for  the  reft  of  the  body,  nor  the 
reft  of  the  body  for  it.  The  bowels  are  not  loofe,  or  fo 
placed  as  to  fwag,  overbalance,  or  overfet  the  body  : 
but  well  braced,  and  accurately  diftributed  to  maintain 
the  equipoife  of  it.  The  motive  parts  alfo  are  admira- 
. bly  wellfixed,in  refpedl  to  the  centre  of  gravity,  plac- 
ed in  the  very  point  which  be  ft  ferves  to  fupport  and 
convey  the  body.  Every  leg  bears  its  true  fhare  of  the 
weight.  And  the  wings  are  fo  exa&ly  placed,  that  even 
in  the  fluid  medium,  the  air,  the  body  is  as  truly  balanc- 
ed, as  we  could  have  balanced  it  with  the  niceft  fcales. 

Yet  again.  What  an  admirable  provifion  is  made 
for  the  motion  of  fome  creatures,  by  temporary  parts ! 
Frogs,  for  inftance,  have  tails  in  their  tadpole  ftate, 
which  fall  off  when  their  legs  are  grown  out.  The 
water-newt  alfo,  when  young,  has  four  fins,  two  on 
a fide,  to  poife  and  keep  the  body  upright.  But  as 
foon  as  the  legs  are  fully  grown,  thefe  prefently  drop 
off. 

Secondly,  The  bore  of  the  gullet  in  all  creatures,  is 
,anfwerable  to  their  occafions.  In  a fox,  \vhich  feeds 
on  bones,  (as  in  all  offivorous  beafts)  it  is  very  large. 
But  in  a fquirrel  it  is  exceeding  fmall,  left  he  (hould 
difgotge  his  meat  in  his  delcending  leaps : and  fo  in 
rats  and  mice,  which  often  run  along  a wall  with  their 
heads  downward. 

Thirdly, 
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Thirdly,  In  all  animals  the  ftrength  and  fi26  of  theiV 
ftomach  are  proportioned  to  their  food.  Thofe  whofe' 
food  is  more  tender  and  nutritive,  have  it  fmaller* 
thinner,  and  weaker.  Whereas  it  is  large  and  ftrong 
in  thofe  whofe  food  is  lefs  nutritive,  and  whole  bodies 
require  large  fupplies. 

All  -carnivorous  beafts  have  the  fmalleft  ftomachs,- 
-as  flefh  goes  the  fartheft*  Thofe  that  feed  on  fruits 
and  roots  have  them  of  a middle  fize.  Sheep  and 
oxen,  which  feed  on  grafs,  have  the  greateft.  Yet  the 
horfe,  hare,  and  rabbit,  though  granivofous,'  have 
comparatively  final!  ones.  For  a horle  is  made  for  la- 
bour, and  both  this  and  the  hare  for  quick  and  continue 
ed  motion : for  which  the  moft  eafy  relpiration,  and 
fo  the  freed  motion  of  the  diaphragm  is  requisite.— * 
But  this  could  not  be,  did  the  ftomach  lie  big  and- 
cumberfome  upon  it,  as  it  does  in  Iheep  and  oxen** 

Another  very  remarkable  circumftance  is,  that  thofe 
animals  which  have  teeth  on  both  jaws,  have  but 
one  ftomach ; whereas  moft  of  thofe  which  have  no 
upper-teeth,  or  no  teeth  at  all,  have  three  ftomachs. 
For  the  meat  which  is  firft  chewed,  is  eafily  digefted ; « 

' but  that  which  is  fwallowed  whole,  requires  a ftronger ' 
concodlive  powder. 

Fourthly,  All  the  parts  of  the  fame  animal  are 
adapted  one  to  the  other.  So,  forinftance,  the  length 
of  the  neck  is  abvays  proportioned  to  that  of  the  legs. 
Only  the  elephant  has  a fhort  neck : for  the  weight  of 
his  head  and  teeth,  would  to  a long  neck,  have  been 
infupportable.  But  then  he  is  provided  with  a trunk, 
which  abundantly  fupplies  the  defedl.  In  other  beafts 
and  birds,  the  neck  is  always  commenfurate  to  the 
legs:  fo  that  they  which  have*  long  legs,  have  long 
necks,  and  they  that  have  fhort  legs,  fhort  necks  5 as 
maybe  obferved  in  lizards  of  all  kinds,  and  the1  king 
of  them,  the  crocodile.  And  creatures  that  have  no 
legs,  as  they  want  no  necks,  fo  they  have  none,  as  fifties^ 
This  equality  between  the  length  of  the  neck  and  legs, 

' is  peculiarly  feen  in  beafts  that  feed  on  grafs.  Their 
legs  and  necks  are  very  near  equal.  Very  near,  I fay,  / 
.becaufe  the  neck  muft  neceflarily  have  fome  advan- 
tage y 
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tage  ; for  it  cannot  hang*  perpendicular,  but  mull  in- 
cline a little. 

Moreover,  as  thefe  creatures  mud  hold  their  heads 
down,  for  a confiderable  time  together,  which  would 
be  very  laborious  and  painful  for  the  mufcles,  there- 
fore on  each  fide  of  the  neck,  nature  has  placed  a 
thick  arid  ftrong  ligament,  capable  of  ftretching  and 
fbrinking  again  as  need  requires : this,  which  is  vul- 
garly called  white-leather,  extends"  from  the  head  {to 
which, ^ and  the  next  vertebrse  of  the  rieek  it  is  fattened 
at  that  end)  to  the  middle  vertebne  of  the  back,  to 
which,  it  is  knit  at  the  other.  And  by  the  afliftance 
of  this,  they  are  able  to  hold  the  head  in  that  pofture 
all  the  day  long. 

Fifthly,  The  parts  of  all  animals  are  exactly  fitted 
to  their  manner  of  living.  A notable  inftance  of  this- 
is  in  the  fwine.  His  natural  food  being  chiefly  the 
roots  of  plants,  he  is  provided  with  a long  and  ftrong 
fnout ; long,  that  he  may  thurft  it  to  a convenient 
depth  in  the  ground,  without  offence  to  his  eyes  ; 
ftrong  and  conveniently  formed,  for  rooting  and  turn- 
ing up  the  ground.  Andbefides,  he  has  an  extremely 
quick  fcent,  for  finding  out  fuch  roots  as  ate  fit  for 
him.  Hence  in  Italy,  the  ufual  way  of  finding 
truffles,  or  fub terraneous  mufhrooms,  is  by  tying  a 
cord  to  the  hind-leg  of  a pig,  and  driving  him  before 
them  into  their  paftures.  They  then  obferve,  where  he 
flops  and  begins  to  root : and  digging  there  they  are 
fure  to  find  a truffle.  So  in  paftures  where  there  are 
earth-nuts,  though  the  roots  are  deep  in  the  ground, 
and  the  leaves  are  quite  gone,  the  fwine  will  find  them 
by  their  fcent,  and  root  only  in  the  places  where  they 
grow. 

Another  inftance  of  like  nature  we  have  in  the 
porpus  anciently  wrote  porc-pefce,  that  is,  fwme-fifh  ) 
which  refembles  the  hog,  both  in  the  ftrength  of , his 
fnout  and  in  the  manner  of  getting  his  food.  For  the 
ftomach  of  one  of  thefe  when  differed,  was  found  full 
of  fand  eels,  which  lie  deep  in  the  fand,  and  cannot 
be  gotten,  but  by  rooting  and  digging  there. 

That  very  action,  for  which  we  look  upon  fwine  as 
mncleau  creatures,  namely,  wallowing  in  the  mire,  is 
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defignecT.by  nature  for  a good  end  ; not  only  tO'cocfl 
their  bodies  (which  fair  water  would  do  as  well)  btft 
alfo  to  fuffocate  and  deftroy  fleas,  lice,  and  other  in- 
fects, which  are  troublefome  and  hurtful  to  them.  For 
the  fame  reafon,  poultry  and  divers  other  birds  balk 
themfelves  in  the  dull,  in  hot  funrmer  weather. 

- * 

The  variety"  of  fhape  and  colour  obfervable  in  beads, 
prevents  any  two  from  being  exadly  alike,  as  much 
as  the  human  features  didingmifli  mankind  one  from 
another.  Wherefore  then  was  this  variety  bellowed 
upon  brutes  ? Are  they  at  aitfenfible  of  fuch  diverfity  ? 
Are  they  the  more  happy,  * or  more  ufeful  to  one  ano- 
ther for  it  ? No.  This  variety  then  is  doubtlefs  in- 
tended for  the  fake  of  man,  to  prevent  confufion,  and 
decide  and  afcertain  his  property^ 


CHAP.  II. 

Of  B I R D S. 

I;  Some  general  Remarks 

2.  Of  their  Motion  : 

3.  Brain  .* 

4*  Organs  of  Senfer 

5.  Lungs  : 

6.  Stomach  -and  Bladder.  * 

7*  Generation . . - 

8.  Of  fome  particular  Sorts  of  Birds.- 

9.  Refections.' 

& \T  O part  of  nature  is  deftitute  of  inhabitants^ 
JlN  The  woods,  the  waters,  the  depths  of  the 
earth,  have  their  refpe£tive  tenants  ; while  the  yielding 
air,*  and  thofe  tra&s  where  man  never  can  afcend,  are 
alio  parted  through  by  multitudes  of  the  molt  beautiful 
beings  of  the  creation. 4 - 

Every  order  of  animals  is  fitted  for  its  fituation*  in 
Kfe but  none  more  apparently  than  birds  Though 
they  fall  below  beads  in  the  fcale  of  nature,  yet  they 
...  hold 
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hold  the  next  rank,  and  far  furpafs -fifties  and -inie&s, 
both  in  the  ftrudture  of  their  bodies  and  in  their  fagacity.  ’ 

The  body  of  man  prefents  the  greateft  variety : 
beads  lefs  perfectly  formed,  difcover  their  defers  in 
the  fimplicity  of  their  conformations  the  mechanifm 
of  birds  is  yet  lefs  complex.:  fifties  are  furniftied  with 
fewer  organs  dill  ; while  infedts,  more  imperfedt  than 
all,  fill  up  the  chafm  between  animal  and  vegetable  na- 
ture. Of  man,  the  mod  perfedt  animal,  there  are  but 
three  or  four  fpecles  ; the  kinds  of  beads  are  more  nu- 
merous ; birds  are  more  various  dill ; fifties  yet  more ; 
but  infedts  afford  an  immenfe  -variety. 

In  all  birds,  except  nodturnal  ones,  the  head  is 
fmaller,  and  bears  lefs  proportion  to  the  body  than  in 
beads ; that  it  may  the  more  readily  divide  the  air  in 
flying.  Their  eyes  alfo  are  more  flat  and  deprefled, 
and  a circle  of  fmall  plates  of  bones,  placed  fcale-wife 
under  the  outer  coat  of  the  organ,  encompaffes  the 
pupil  on  each  fide  to.ftrengthen  and  defend  it  from  In- 
juries. Befide  this,  birds  have  a kind  of  fltin,  -called 
the  nidlitating  membrane,  with  which,  like  a veil,  they 
can  at  pleafure  cover  their  eyes,  though  their  eyelids 
continue  open.  This  membrane  ferves  alfo  to  wipe, 
cleanfe,  and  probably  to  moiflen  its  furface.  The  eyes, 
though  they  outwardly  .appear  but  fmall,  yet  each 
almod  equals  the  brain  ; whereas  in  man  the  brain  is 
more  than  twenty  times  larger  than  the  eye. 

Hence  it  follows,  that  the  fenfe  of  feeing  in  birds  is 
infinitely  fuperior  to  that  of  other  animals.  Indeed 
this  piercing  fight  feems  neceflary  to  the  creature’s 
fupport  and  fafety.  Were  it  not  fo,  from  the  rapidity 
of  the  bird’s  motion,  it  would  be  apt  to  flrike  againft 
every  ohjeft  in  its  way ; and  it  could  fcarcely  find  fub- 
fiftence,  unlefs  it  could  difcern  its  food  from  above 
with  aftonifhing  fagacity.  A hawk,  for  inftance,  per- 
ceives a lark  at  a diftance,  which  neither  men  nor  dogs 
could  fpy ; and  a kite,  from  an  almoft  imperceptible 
height  darts  down  on  its  prey  with  the  moft  unerring 
aim. 

Granivorous  birds,  or  fuch  as  live  upon  vegetables, 
have  their  inteftines  differently  formed  from  thofe  of 
the  rapacious  kind.  Their  gullet  dilates  juft  above  the 
breaft-bone,  and  forms  itfelf  into  a pouch  or  bag, 
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called  the  crop.  This  Is  replete  with  falival  glands, 
which  molften  and  foften  the  food  it  contains.  After 
the  dry  food  of  the  bird  has  been  macerated,  it  pafles 
into  the  belly,  where,  inftead  of  a foft,  moift  ftomach, 
as  in  the  rapacious  kinds,  it  is  ground  between  two 
pair  of  mufcles,  commonly  called  the  gizzard,  covered 
on  the  infide  with  a ftrong  ridgy  coat.  Thefe  coats 
rubbing  againft  each  other,  are  capable  of  attenuating 
the  hardeft  fubftances ; their  adtion  being  often  com- 
pared to  that  of  the  grinding  teeth,  in  man  and  other 
animals. 

Thus  the  organs  of  digeftion  are  in  a manner  re- 
verfed  in  birds.  Beafts  grind  their  food  with  their, 
teeth,  and  then  it  pafles  into  the  ftomach,  where  it  is 
foftened  and  digefted.  On  the  contrary,  birds  of  this 
fort  firft  foften  it  in  the  crop,  and  then  it  is  ground  and 
comminuted  in  the  ftomach  or  gizzard.  Birds  are  all 
careful  to  pick  fand,  gravel,  and  other  hard  fubftances, 
not  to  grind  their  food,  as  has  been  fuppofed,  but  to 
prevent  the  too  violent  adfcion  of  the  coats  of  the  ft®- . 
mach  againft -each  other.  > 

To  birds,  the  return  of  fpring,  is  the  beginning  of 
pleafure.  Thofe  vital  fpirits  which  feemed  locked  up 
during  the  winter,  then  begin  to  expand ; vegetables 
and  infedts  fupply  abundance  of  food ; and  the  bird 
having  more  than  a fufficiency  for  its  own  fubfiftence, 
is  impelled  to  transfufe  life  as  well  as  to  maintain  it, 
Thofe  warblings  which  had  been  huftied  during  the  ' 
colder  feafens,  now  begin  to  animate  the  fields ; every 
grove  and  bufti  refounds  with  the  challenge  of  anger, 
or  the  call  of  allurement.  The  delightful  concert  of 
the  grove,  which  is  fo  much  admired  by  man,  is  no 
way  ftudied  for  his  amufement : it  is  the  call  of  the 
male  to  the  female ; his  efforts  to  footh  her  during  the 
time  of  incubation  : or  a challenge  between  two  males 
for  the  affedfions  of  feme  common  favourite. 

It  is  by  this  call  that  birds  begin  to  pair  at  the  ap- 
proach of  fpring,  and  provide  for  the  fupport  of  a fu- 
ture‘progeny.  The  loudeft  notes  areufually  from  the 
male  ; the  hen  exprefies  her  confent,  in  a fhort,  inter- 
rupted twittering.  Their  compadi  holds  with  unbroken 
faith-:  moft  birds  live  with  inviolable  fidelity  together ; 
and  when  one  dies,  the  other  is  always  feen  t©  fliare 
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tire  fame  fate  foon  after.  We  mull  look  for  it  in  our 
fields  and  in  our  forefts,  where  nature  continues  in  un- 
adulterated fimplicity  } where  the  number  of  males  is. 
generally  equal  to  that  of  females.  . But  the  male  of 
all  wild  birds  is  as  happy  in  the  young  brood  as  the  fe- 
male. They  both  feem,  at  this/  feafon,  tranfported 
with  pleafure  : every  action  teftifies  their  tender  foli- 
citude. 

But  previous  to  laying,  the  work  of  neftling  be- 
comes the  common  care : and  this  is  performed  with 
•no  fmall  degree  of  affiduity.  It  has  been  afferted,  that, 
birds  of  one  kind  always  make  their  nefts  in  the  fame 
manner,  and  of  the  lame  materials  ; but  the  truth  is* 
they  vary  this  as  the  materials,  places,  or  climates 
differ.  The  red-breaft,  in  fome  parts  of  England, 
makesits  neft  with  oak  leaves,  where  they  are  in  plenty, 
and  in  other  parts  with  mofs  and  hair.  Some  birds, 
that  with  us  make  a very  warm  neft,  arelefs  folicitous 
in  the  warm  .climates.  In  general,  however,  every 
fpecies  of  birds  has  a peculiar  architecture  of  its  own  ; 
and  this  adapted  to  the  number  of  eggs,  the  tempera- 
ture of  the  climate,  or  the  heat  of  the  animal’s  body. 
Where  the  eggs  are  numerous,  the  neft  is  warm,  that 
the  animal’s  heat  may  be  equally  diffufed  to  them  all. 
Thus  the  wren,  and  all  the  fmall  birds  make  their  nefts 
very  warm  ; for  having  many  eggs,  it  is  requifite  to 
diftribute  warmth  to  them  all.;  on  the  contrary,  the 
plover,  that  has  but  two  eggs,  the  eagle,  and  the  crow, 
are  not  fo  folicitous  in  this  refpedl,  as  their  bodies  are 
capable  of  being  applied  to  the  fmall  number  upon 
which  they  fit, 

Nothing.can  exceed  the  patience  of  birds  while  hatch- 
ing ; neither  hunger,  nor  danger,  can  drive  them  from 
the  neft.  They  are.fat  upon  beginning  to  fit,  yet  be- 
fore incubation  is  over,  are  ufually  wafted  to  fkin  and 
bone.  Indeed  ravens  and  crows,  while  the  females  are 
fitting,  take  care  to  provide  them  with  food  in  abund- 
ance. But  it  is  different  with  moft  of  the  fmaller 
kinds ; during  the  whole  time,  the  male  fits  near  his 
mate  upon  fome  tree,  and  fooths  her  by  his  finging  ; 
and  often  when  ftie  is  tired  takes  her  place,  and  pa- 
tiently continues  on  the  neft  till  Ihe  returns. 


0 


) 


( 192  ) 

So  great  Is  the  power  of  inftind  in  thefe  animals, 
that  they  continue  almoft  paffive  under  its  influence. 

Yet  at  the  fame  time,  the  hen,  that  has  all  this  feem-  % 
ing  ingenuity,  in  other  refpeCts,  is  without  the  leaft 
glimmerings  of  common  fenfe : fhe  miftakes  a piece 
of  chalk  for  an  egg,  and  fits  upon  it  in  the  fame  man- 
ner j ihe  is  infenfible  of  any  increafe  or  diminution  inr  l- 
the  number  of  thofe  fhe  lays  ; (he  does  not  diftinguhh  • 
between  her  own,  and  thofe  of  another  fpecies ; and 
when  the  birth  appears  of  never  fo  different  a bird, 
will  cherifh  it  for  her  own. 

As  the  principle  which  a<5ts  in  thefe  animals  cannot 
be  termed  reafon,  fo  when  we  call  it  inftindt,  we  mean 
fomething  we  have  no  knowledge  of.  It  appears  to 
me  the  immediate  direction  of  providence ; and  fuch 
an  operation  of  the  Supreme  Being  as  that  which 
determines  all  the  portions  of  matter  to  their  proper 
centres. 

While  the  young  are  yet  unfledged,  the  old  one  takes 
care  to  provide  them  with  a regular  fupply  :•  when  the 
family  is  fully  plumed,  and  capable  of  avoiding  danger 
by  flight ; they  are  then  led  forth  when  the  weather 
is  fine,  and  taught  the  paternal  art  of  providing  for 
their  fubfiftence.  They  are  led  to  the  places  where  - 
their  food  lies ; they  are  {hewn  the  method  of  dif- 
covering  or  carrying  it  away  and  then  led  back  to  * 
the  neft,  for  a day  or  two  longer.  At  length,  when 
they  are  qualified  to  Ihift  for  themfelves,  the  old  one 
takes  them  abroad,  and  leading  them  to  the  accuf- . 
tomed  places,  forlakes  them  for  the  laft  time  ; and  all 
connection  is  at  an  end. 

Birds  in  general,  though  they  have  fo  much  to  fear 
from  man  and  each  other,  are  feldom  feared  from  their 
ufual  haunts.  * The  greateft  number  remain  contented, 
where  they  have  been  bred.  The  rook,  if  undifturbed, 
never  defires  to  leave  his  native  grove  ; the  black-bird 
ftill  frequents  its.  accuftomed  hedge ; and  the  red- 
breaft,  though  - feemingly  mild,  claims  a certain  difi- 
trift,- from  whence  he  feldom  moves,  but  drives  out 
every  one  of  the  fame  fpecies  from  thence  without  pity. 
They  are  excited  to  migrations  by  no  other  motives, 
but  thofe  of  fear,  climate,  or  hunger.  , It  is  from  one 
of  thefe  motives,  that 'birds  of  paffage,  every  year, 
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food,  or  the  want  of  an  afylum  from  man,  daring  the 
time  of  courtfhip,  and  bringing  up  their  young.  Thus? 
the  ftarling,  at  Sweden,  at  the  approach  of  winter,1 
finding  fubfiftence  no  longer,  defcends  into  Germany 
and  the  hen  chaffinches  of  the  fame  country  are  leen1 
’ to  fly  every  year  through  Holland,  to  pafs  their  winter 
in  a milder  climate.  Others  prepare- for  longer  jour-' 
neys.  Thus  the  quails,  in  fpring,  forfake  the  neats: 
of  Africa,  for  the  milder  fun  of  Europe ; and  whenr 
they  have  pafled  the  fummer  with  us,  fleer  their  flight; 
to  enjoy,  in  Egypt,  the  temperate  air.  This  with  them- 
feems  a pre-coneerted  undertaking.  They  unite  toge- 
ther in  fome  open  place,  for  fome  days  before  their  de- 
parture, and,  by  an  odd  kind  of  chattering,  feem  to; 
debate  on  the  method  to  proceed.  Then  they  all  take- 
fight  together,  and  often  in  fuch  numbers,  that,  to: 
mariners  at  fea,  they  feem  like  a cloud  upon  the  ho- 
rizon. The  ftrongeft,  and  by  far  the  greateft  number, 
make  good  their  intention ; but  many  there  are,  wh© 
■grow  weary  in  the  way,  and  drop  down  into  the  fea, 
-and  fometimes  upon  the  decks  of  (hips. 

Of  the  vaft  quantity  of  water-fowl,  that  frequent' 
cur  (hores,  few  are  known  to  breed  here.  The  caufe' 
that  urges,  them  to  leave  us  (eems  to  be,  not  merely  the  - 
want  of  food,  but  the  defire  of  a fecure  retreat.  Our 
country  is-too  populous  for  birds  fo  (by,  as  the  greateft 
number  of  thefe  are.  When  great  part  of  our  ifland' 
was  an  uncultivated  traifl  of  woods  and  marflies,  many 
fpecies  of  birds,  which  now  migrate,  remained  with  us 
the  whole  year.  The  great  heron,  and  the -crane,  that' 
have  now  forfaken  this  country,  in  former  times  bred' 
familiarly  in  our  marflies;  Their  nefts^flWfhofe  of 
rood  cloven-footed  water-fowl,  were'fbuilt  on  the 
ground,  and  expoled  to  every  invadefv:  < But  as  rural 
ceconomy  -increafed,  thefe  animals  .-were  more  and 
more  difturbed.  Once  they  had  little  to  fear,  as  the 
furrounding  marfli  defended  them  from  , all  the  car- 
nivorous furroundmg  quadrupeds,  and  their  own 
ftrength  from  birds  of  prey  ; but  by  a long  fenes  of 
alarms,  they  have,  at  length,  been  obliged  to  leek," 
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during  the  Cummer,  fome  lonely  habitation,  . at  ; a -fafe 
diftance  from  every  deftroyer. 

Of  tire  numerous  tribes  of  the  duck-kind,  we  know 
of  no  , more  than  five  that,  breed  here.  ' The  reft  con- 
tribute to  form  that  amazing  multitude  of  water-fowl 
which  annually  repair  to  the  dreary  lakes  and  defarts 
of  JLapland,  from  the  more  fouthern  countries  of  Eu- 
rope. in  thofe  folitary  retreats,  they  perform  the  du- 
ties of  incubation  and  nutrition  in  full  fecority.  There 
are  few  of  this  kind  that  may  not  be  traced  to  the 
northern  deferts ; to  countries  of  lakes,  rivers,  fwamps, 
and  mountains,  covered  with  thick  and  gloomy  forefts. 
In  thofe  regions,  from  the  tbicknefs  of  the  forefts,  the 
ground  remains  moift.and  penetrable  during  the  ham- 
mer feafon ; the  woodcock,  the  fnipe,  andother  flender- 
billed  birds,  can  there  feed  at  eafe ; while  the  web- 
footed birds  find  more  than  fufficient  food  from  the 
number  of  infe&s,  which  fwarm  to  an  incredible  de- 
gree, The  days  there  are  -long,}  and  the  beautiful 
nights  afford  them  every  opportunity  of  collecting  fo 
minute  a food- 

2.  -Birds  , have  feathers  which  they  expand  m order 
to  fly  ; the  fine  branches, of  which  lie  fo.clofe  toge- 
ther, that  little , air  can  infinuate  itfelf  between  them. 
Now  when  the  column  of  air  on  which  a body  refts  is 
fpecifically  heavier  than  the  body,dt  remains  fufpended 
in  the  air;  ifit.be  lighter,  the  body  finks.  Hence, 
the, larger  fpace  a body  circumfcribes,  the  more  eafily 
does  the  air  fuftain  it.  Confequently  the  fame  bird 
■which  finks  when  the  wings  are  clofed,  is  fuftained 
when  they  are  expanded.  To  this  alfo  the  motion  of 
the  wings  contributes : (as  a body  whilemoving  fwiftly. 
Will  fwim.  in  water,  which  immediately  finks,  if  that 
motion  ceafes. ) And  fo  do  the  feathers,  with  which 
their  bodies  are  clothed,  which  increafe  their  bulk, 
but  not  their  weight  in:  the  fame  proportion. 

The  parts  of  birds  chiefly  concerned  in  flying,  are 
. the  wings  and  the  tail.  By  the  firft,  the  bird  fuftains 
and  wafts  himfelf  along.  By  the  fecond  he  . is  enabled 
to  keep  his  body  fteady  and  upright,  particularly  in 
afcending  and  defcendiqg.  It  is  by  the  largenefs  and 
ftrength  of  the  peCtoral  mufiples,  that  they  are  qualified 
“®  • : " for 
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for  flying.  In  men  thefe  are  fcarce  a feventeenth  part 
of  the  mufcles  of  the  body.  In  birds  they  confiderably 
outweigh  all  the  other  mufcles  together.  And  this 
circumftance  alone,  the  want  of  fuitable  mufcles,  makes 
all  human  attempts  to  fly,  void  and  vain. 

Neverthelefs  the  art  of  flying  has  been  ferioufly  at- 
tempted by  many,  , in  various  ages,  particularly  in  the  • 
time  of  our  famous  Friar  Bacon*  who  lived  about  500 
years  fince,  and  whom  his  excellent  works  (hew  to 
have  been  a rare  chymift,  an  excellent  mathematician* 
a knowing  mechanic,  and  a mod  accomplilhed  experi- 
mental philofopher.  Yet  even  he  believed  the  art  of 
flying  poflible,  and  fays,  he  himfelf-  knew  how  to  make 
an  engine,  in  which  a maii>  fitting  might  be  able  to 
iconvey  himfelf  through  the  air,  like  a bird.  Nay  he 
affirms,  that  there  was  then  another  perfon*  who  had 
aftually  tried  it  with  fuccefs. 

1 In  flying,  the  bird  firft  bends  his  legs  and  leaps  from 
the  ground ; then  opens  the  joint  of  his  wings,  fo  as  to 
make  a right  line,  perpendicular  to  the  (ides  of  his 
body.  'Being  now  raifed  and  ftrongly  vibrating  his 
♦wings,  the  air  remits,  as  much  as  it  is  a<fted  upon,  and 
fo  protrudes  his  whole  body.  j But  in  recovering  his 
wing  for  frefli  ftrokes,  it  has  a great  refiftanee  to  over-  , 
come.  To  elude  this,  the  bony  part  of  the  wing,  into 
which  the  feathers  are  inferted,  moves  iideways  with 
its  (harp  end  foremoft,  and  the  feathers  follpw  it  like 
ja  flag.  ' ' \ 

All  birds  have  near  their  tailadittle  bag,  which 
■ contains  oil,  to  moiften  their  feathers.  Cede  have 
two  glands  for  the  fecretion  of  this;  other  birds  only 
one.  In  this  are  divers  little  cells  ending  in  two  or 
three  large  ones,  lying  under  the  nipple  of  the  oil-bag* 
This  nipple  is  perforated,  and  being  preft  by  the  bird?s 
bill,  emits  its  oil.  , ; v. 

In  all  birds  that  fly  much,  the  wings  are  placed  in 
the  very  beft  manner,  to  balance  their  bodies  in  the 
air,  and  to  give  as  fwift  a progreflion  as  they  are  fe- 
derally capable  of. " Otherwife  they  would  reel  and  fly 
unfteadily  ; as  we  lee  they  do,  if  we  deftroy; their  equi- 
poife,  by  cutting  one  of  their  wings. 

* ' And  what  nicety  may  we  obferve,  in  a part  no  more 
confiderable,  than  the  vanes  of  the  flag-feathers  of  the 
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•fwing1!— 1.  The  edges,  of  the,  exterior  or  harrow  vane* 
-bend  downward,  hut  the,  interior,  wider  vanes  upward, 
JBy  this, means  they  .catch  hold  and  lie  clofe  to  each 
(Other,  when  the  wing  is  fpread;  that  not,  one  feather 
may  tnifs  its  full  force  and  impolfe  upon'  the  air.  % 
Equal  nicety  is  obferved  in  the  very,  hoping  the  tips  of 
the  flag-feathers : the  interior  ,.vanes  are  neatly  hoped 
away  to  a point,  toward  the  outward  part  of  the  wing> 
The  exterior,  .(at  leaft  in  many  birds)  are -hoped  to- 
ward; the  body.  And  in  the. middle  of  the  wing,  the 
.vanes. being  equal,  are  but. little  hoped.  So  that  .the 
wing, . .whether . open  or  jhut,  is  as  neatly  hopecj,  .as  .if 
jconfiantly  trimmed  with  a pair  of  fcihars.  ‘ 

'The  vane  confifts  not  of  one  continued  membrane, 
becaufe  if  once,broke,.it  would  not  eafily  be  repaired^ 
but  of  many  lamjose,  which  are  thin,  fti{f,..anid  fome- 
thing  refembling  a thin  quill.  Towardtbe  {haft  of 
, the  feather  (efpecially  in  the  flag-feathers  of  the. wing) 
thefe  laminae  are  broad  and  .of  a femicircular  form, 
whi«h  ferves  for  ftrength,  and  for,  fliuttjng  them  clofe 
together,  when  impulses  are  made  on  the  air.  Toward 
the  opter  part.of  the,  vane,  they  grow  {lender  anefiaper. 
On  their  pnejer  fide  they  are  thin  and  fmooth  ; but 
their  upper,  outer  edge  is  parted  into  two  haii.y  edges. 

As  curioufly  made  are  the. feathers; ip  the  ping,  and 
no  lefs  curipufly  placed,  exafily . according  to  their  fe- 
veral  lengths  and  ftrength  $ apd^hefe  again  are  lined, 
faced,  and  guarded  with  covers  and  fecondary  .fea- 
thers, to  keep  the  air  from  palling  thropgh  gnd  fo 
•eluding  the  impulfe. 

How  admirably,  wrought  are  the  bones  of  the  wing-! 
very  ftrong,  but  light  withal.;  the  joint;*,  which  open, 
ihut,  and  .move  every  way,  as  occafion  is  ; and  the  va- 
rious mufeles,  aU  felted  to  the  motions  which. they 
minifter  to. 

Next  to  the  parts  for  flight,  let  us  view  the  fegsand 
feet,  which  minifter  to  their  ofeer  motions  j both  made 
light,,  for  their  eafier  paflage  through  the  afe,  and  the 
latter,  fome  with  membranes  for  fwim.ming,  fqme  with- 
out, for  fteady  going,  for  perching,  for,  catching  and 
holding  their  prey,  or  for  hanging  by  the  heels  to  ga- 
ther their  food  : the  legs,  all  curved,  for  their  eafy 
perching  or  roofting,  as  alfo  to  help  them  upon  thefe 

wings. 
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VriiigS,  -in  taking  their  flight.  In  feme  they  are  long? 
for  wading  and  fearching  the  waters ; in  others,  if 
fieed  be,  remarkably  ihoftv  And  how  wifely  are  they 
placed!  In  all,  fomewhat  out  of  the  centre  of  th£  - 
body’s  gravity : but  in  iuch  as  fwim,  more  than  itt 
Others,  for  the  better  rowing  their  bodies  ; * as  alfo  to 
help  them  in  diving*'  . 

/ Geefe  and  ducks,  their  bodies  being  made  for  fwim^ 
ming,  have  their  wings  too  placed  out  of  the  centre  of 
gravity,  nearer  the  head  : but  the  extending  the  neck 
and  head  in  flight*  balances  the  body  upon  the  wings  : 
which  is  another  excellent  ufe  (beiide  fearching  fof 
food)  of  the  long  iretks  of  tbefe  birds. 

But  in  the  heron,  * whole  head-  and  long  neck  (aU*  * 
though : tucked  up  in  flight)  overbalances  the  hinder 
part  of  the  body  ; the  long  legs  are  extended,  both  to' 
counterpoife  the  body,  'and  to  fupply  what  is  wanting 
in  the  tail.1  - - - 

It  has  been  fuppofed,  that  the  flying  of  birds  is 
analogous' to  the  rowing  of  veflels.  But  it  is  a motioii 
of  quite  another  kindi  Oars  are  ftruck  toward  the! 
ftern  : whereas  birds  do  not  vibrate-  their  wings  toward 
the  tail^'but  waft  them  downward.  r Nor  doe&the  tail-' 
cut  the  air  (as  the  rudder  does-  the~  water)  at  right 
angles,  but  horizontally;  It  likewife  keeps  the  fame 
fituation  which  way  foever  the  bird  turns. 
v It  is  not  therefore  by  the  tail,  - that  moft  birds  turnf 
to  the  right  hand  or  the  left,  but  bythe  wings.  They 
turn  to  the  right,  by  beating  the  air  with  the  left  wing 
alone  toward  the  tail : to  the  left*,  by  beating  it  with2 
the  right  wing*-  Thus  pigeons  * changing  their  courfe 

7,  toward1 
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t * It  is  a remarkable*  us&  which  - is~  made  of  pigeons,  in  the 
eastern  countries. ' They  are  trained  up  in  Turky  and  Persia,  to 
carry  expresses  •>  being  first  used  to  short  flights,  afterwards  to 
longer,*  till  at  iength  they  will  return  from  the  farthest  part  of 
the  kingdom/  Yea,  if  they  afe  brought  hood-winked  "twenty 
or  thirty  miles j nay,  sixty  or  a hundred,' they  will  find  their 
way  in  a very  little  time,  to  the  place  where  they,  were  bred# 
Every  Bashaw  has  a basket  of  these  pigeorts  bred  at  the  seraglio  ; 
one  of  which  he  dispatches  thither  on  any*  emergent  occasion^ 
With  letters  braced  under  her  wings.  This  proves  a more  speedy 
method,  as  well  as  safer,  thaU*  any  other!  For  one  of  these  bird4 
will  carry  a letter  from  Babylon  to  Aleppo,  which  is  thirty  dhp* 
journey,  in  forty-eight  hours. 
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toward  the  left)  labour  with  the  right  wing,  feared 
ftirring  the  other. 1 * . . : 

Birds  with  long  necks  have  another  way  of  altering 
their  courfe,  by  only  inclining  their  head  and  neck  this 
or  that  way.  ; i 

* Birds  rarely  fly  , up  or  down ; perpendicularly,  but 
rather  in  a crooked  line.  In  afeending  dire&ly,  the 
natural  and  artificial  tendency  would  counteract  eaclr 
other.  In  defeending  direCtly,  both  would  concur* 
and  endanger  too  precipitate  a motion. 

Only  the  hawk  ftoops  direCtly ' to  feize  its  prey  t 
whereas  other  birds  in  defeending,  retard  the  motion 
by  keeping  their  wings  expanded,  and  at  the  fame 
time  ftretching  out  their  feet  and  legs. 

• There  is  no  flying  animal,  but  has  feet  as  well  as 
wings;  becaufe  there  is  no  food  or-  at  leaft  not  food 
fufficient  for  them,  to  be  had  always  in  the  air.  But 
if  there  were,  yet  fuch  birds  could  take  no  reft  ; for 
having  no  feet,  they  could  not  perch  upon  trees.  And 
if  they  alighted  on  the  ground,  they  could  not  raife 
themfelves  again  which  birds  that  have  fliort  feet  can 
hardly  do.  Befide,  they  would  want  means  of  breeds 
ing,  having  no  way  to  lay  their  eggs,  to  fit,  hatch, 
or  brood  their  young. 

Before  we  conclude  this  head,  it  may  be  obferved, 
that  all  the  parts  of  birds  are  fitted  for  the  ufe  of  fly- 
ing.  Fit  ft,  as  the  mufcles  of  the  wings  are  peculiar- 
ly ftrong,  fo  the  under  fide  of  them  is  made  concave, 
and  the  upper  convex,  that  they  may  be  the  more  eafi- 
ly  lifted  up,  and  the  more  ftrongly  ftrike  the  air.— 
Then  the  trunk  of  their  body  fomewhat  refembles  the 
hull  of  a (hip  ; the  head,  the  prow ; which  is  general- 
ly fmall,  that  it  may  the  more  readily  cut  the  air,  and 
make  way  for  the  body.  % Add  to  this,  that  the  bodies 
ctf  birds  are  fmall  in  comparifon  of  beafts,  that  they 
may  be  more  ealily  fupported  by  the  air.  And  they 
are  not  only  fmall,  but  of  a broad  figure,  that  they 
may  be  buoyed  up  the  better.  They  are  alfo  hollow 
and  light : yea,  their  very  bones  are  light.  For  even 
thofe  of  the  legs  and  wings  have  ample  cavities  ; by 
this  means  alfo  they  become  rigid  and  ftiff:  it  being 
demonftrable,  that  a hollow  body  is  more  ftiff  and  in- 
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liettfelejr  than  a folid  one  of  equal  fuBftance.  The 
fhafts  alfo'of  the  feathers  are  either  empty,  or  filled 
with  a light  and  fpungy  matter.  And  their  webs  con* 
fill  of  two  rowsx)f  contiguous  filaments  fumifhed  all 
along  with  hooks  on  each  fide,  whereby  catching  hold 
of  one  anotherthey  fticlrfaft  together* 

A »r 

* As  to' their 'fails,  although  it  is  true,  as  was  obferv* 
cd,  that  all  birds  whofe  tails  are  pointed  and  end  in  a 
right  line,  turn  themfelves  by  their  wings  and  not  theit 
tails,  yet  iivthofe  that  have  forked  tails  it  is  otherwife* 
Thus-  it  is  manifeft  to  fight,^that  the  forked-tailed 
kite,  by  turning^her' train  fideways,  raifing  one  horn* 
and  depreffing  the  other,  turns  her  whole  body.— * 
And  doubtlefs  * the  tail  has  the  fame  ufe  in-fwallowsi 
who  have  all  forked  tails,  and  make  more  fudden  turns 
in  the  air  than  any  other  bird* 

To  lighten  birds  ftrll  farther, -they  have  large  mem- 
branes extending  to  the  bottom  of  their  bellies,  into 
which  the  air  is  received*  where,  by  the  heat  of  the 
body  it  is  expanded  into  twice  or  thrice  the  dimenfions 
of  the  external  air.  And  this  they  can  either  comprefs 
by  the  mufcles  of  the  abdomen,  or  expire  more  or  lefs, 
in  order  to  their  defcending  fwifter  or  flower,  in  what 
degree  they  pleafe.  * 
v-  ! ^ ^ 

8.  As  to  the  braift  of  birds,whereas  in  men*  the 
cortical  part  of  the  brain  is  outerrrioft,  in  birds  it  is 
innermoft,, and  the  membrane  that  covers  the  upper 
ventricle  is  medullary.  The  ventricles  like  wife  ar« 
fituated  above,  near  the  upper  part  of  the  fcull. 

Perhaps  before  we  proceed,  it  may  be  well  to  pre- 
mtfe  one*  general  obfervation,  that  the  ftru&ure  of 
birds  is  in  many  refpedls  different  from  thofe  both  of 
men  and  beafts ; . having  feveral  parts  which  thefe 
want,,  and  wanting  others  which -they  have.  Befides, 
there  are  great  variations  in  the  contrivance  of  parts 
which  are  common  to  both : all  wifely  adapted  to  their 
different  conditions  and  manner  of  life.  v 
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Parts  peculiar  to  birds  are,  I.  Thebill.  2.  The 
membrane  to  draw'- over  the  eyes.  3.  Feathers  and 
. wings.  The  parts  wanting  in  birds  are,  1.  Teeth  and 
lips.  2.  The  bladder,  which  they  do  not  need,  as  they 
drink  no  more  than  juft  to  moiften  their  food,  Varia- 
tions  in  the  parts  of  birds  from  thofe  of  men  and  beads, 
. are,  1.  In  the  ear,  which  is  of  a very  peculiar  make. 
2.  In  the  divifion  of  the  aorta.  3.  In  the  fpinal  mar- 
row, which  is  divided  into  two  in  the  middle  of  the 
back.  4.  In  the  bones,  which  are  all  hollow.  5.  In  the 
heart,  which  has  a fleftiy  valve  at  the  mouth  of  the 
vena  cava.  6.'  In  the  lungs,  which  are  ftrongly  joined 
to  the  back,  for  the  greater  conveniency  of  flight. 

In  the  ftomach  : birds  have  two  or  more,  tofupply 
the  want  of  chewing.  8.  In  the  legs  and  feet.  9.  In 
their  tails.  10.  In  their  pedtoral  mufcles,  which  are 
the  ftrongeft  of  all ; whereas  in  man,  the  crural  muf* 
cles  are  the  ftrongeft.  11.  In  the  brain,  as  was  before 
obferved.  12.  In  the  bronchia,  which  extends  to  the 
very  bottom  of  the  abdomen,  fo  as  to  contain  a large 
H quantity  of  air.  13.  In  the  ovaries,  which  in  birds  are 

lingle,  and  fattened  on  their  back. 

* ^ ' ? * . * 

. 4.  The  ears  of  birds  differ  much  from  thoie  both  of 
men  and  beafts.  There  is  almoftva  diredt  paflage 
from  ear  to  ear  : fo  that  if  the  drum  be  pricked  in 
either  ear,  water  poured  in  at  one  ear,  will  run  out  at 
the  other.  And  what  is  ftill  more  remarkable,  they 
have  a fmall  winding  paflage, . that  opens  into  a large 
cavity,  running  betwixt  two  fculls,  and  pafles  allround 
the  head.  The  upper  of  thefe  fculls  is  fupported  by 
many  hundreds  of  fmall,  thread-like  pillars  z which 
have  another  ufe  alfo,  to  break  their  found,  and  hin- 
der its  making  a confufed  echo. 

f ' ‘ _ - - i-  - / - " , . . 

• This  paflage  between  the  two  fculls  is  much  larger 
in  iinging-birds  than  in  others.  So  that  a perlbn  who 
has  been  (hewn  this,  may  hereby  know  them  from  all 
others. 

The  other  organs  of  fenfe.  are  nearly  the  fame  in 
birds  as  in  other  animals,  Only  there  is  a difference 
in  the  organ  of  fmell.  The  noftrils  lie  on  each  fide  of 

the 


I 


('  201  ) * *•. 

tHe  beak,  in  the  inner  part  whereof,  be  fide  the  tube 
which  reaches  to  the  lungs,- there  are  little  tubes,  con- 
* tinued  from  the  membranes  and  fubflance  of  the  bra' '• 

•yy.  4 + 4 # •*  ' • ' ' *'  . 

And  thefe  feem  to  be  the  organ  of  fmell.  Only  two 
nerves  pafs  through  the  os  cribtofum  to  tjie  beak : 
left  if  there  were  more  perforations,  as  in  other  ani- 
mals, too ‘much  air  might  flow  into  the  brain.1 

The  bill  of  birds'  is*  peculiarly  remarkable.  In  thief 
firft  place,  it  is  neatly  fhaped  for  piercing  the  air.  Ill 
themext,  it  is  hard1  and  horny,  to  fupply  the  want  of 
teeth,  and  alfo  in  fome  r/leafure,  of  a hand.'  Its  hook* 
ed  form  is  of  great  ufe  to  rapacious  birds,  in  catching 
and  holding  their  prey  ; and  to  others,  in  climbing* 
and  in  taking  and  comminuting  their  food.*  Its  ex- 
- traordinary  length  and  flenderneisis  of  ufe  to  feme,  to 
fearch  for  their  food  in  moorilh  places:.*^  as  its  length 
and  breadth  is  to  others,  to  hunt  and  fearch  in  muddy 
places.^  The  contrary  form,  a thick,  fbort,  and  fliarp- 
• ed-edged  bill  is  as  ufeful  to  all  other  birds,/. who  mull 
hulk  the  grain  they  fwallow.  But  it  would  be  endlefs 
to  reckon  up  all  the  ftiapesand  commodious  mechanifm 
of  all : the  fharpnefs  and  ftrength  of  thofe  that  have 
' occafion*  to  perforate  woods  and  ftiells  the  flender-- 

'13-  . . nefs» 


* Parrots  have  their  bll Is jnicdy  adapted  to  these  services,  be* 
ing  hopked,  for  climbing  and  reaching  what  they  warn,  and  the 
lower  jaw  so  exactly  fitted  to  the  hook  of  the  upper,  that  it  will 
break  the  food,  as  other  creatures  do  with  their  teeth. 

*•  f " As  ta  wdod cooks  and  snipes,  who  hunt  for  worms  in  moor* 
rsh  ground}  and  likewise  suck  the  unctuous  humour  out  of  the 
earth.  So  also  the  bills  of  curlews,  and  other *ea-fowl,  are  very 
long,  to  enable  them  to  hunt  for  worms.  See  ia  the  sands. 

| Ducks,  geese,  .and  divers  other  species  of  birds,  have  bills 
both  long  and  broad,  whereby  they  are  enabled  to  quaffer  in  the 
.water  or  mud,  till  they  find  th£ir  food. 

§ The  green  woodtfpite,  and  ail  woodpeckers  have  strong  and 
sharp  bills,  curiously  made  for  digging  wood.  An  even  ridge 
runs  along  to  the  top  of  the  * green  woodpecker’s  bill,  as  if  aa 
artist  had  designed  it  at  once  for  strength  and  neatness. 

Woodpeckers  have  also/ a toftgtie*  ending  in  a sharp,  bony 
fib,  dented  on  each  side,  ^fugh  they  can  at  pleasure  shoot  out 
to  a great  length,  and  trust  into  the  holes,  clefts  and  crannies 
,6i  trees.  They  strike  them  likewise  into  ant-hill^  and  fetch  out 
the  ants  and~their  eggs.  Moreover  ' they  have  short,  hut  stxhnir 
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ftefs  and  neatnefs  of  fuch  as  pick  up  fmall  infers : the 
crofs  form  of  fuch  as  break  up  fruits  ;*  the  comprefied 
form  of  others,  with  many"  other  curious  forms,  all 
Anted  to  the  occafions  of  the  feveral  fpecies. 

* In  the  flat-billed  birds,  as  ducks,  there  are  three 
pair  of  nerves,  which  come  down  between  the  eyes  in 
the  upper  bill,  whereby  they  are  enabled  to  fmell  and 
find  but  their  food  in  the  mire  or  water.  The  like 
have  been  obferved  in  feveral  round-billed  birds,  but 
fo  fmall  as  to  be  fcarce  difcernable  enough  : and  it  is 
remarkable  that  thefe,  more  than  any  other  round- 
billed birds,  grope  for  their  meat  in  cow-dung,  - and 
the  like.  , • . . 

$.  Of  their  lungs  it  is  obfervable,  that  they  are  not 
only  larger  in  proportion  than  thofe  of  beads,  but  they 
admit  the  air,  both  above  and  beneath,  by  which 
means  they  become  far  lighter. 

A duck  is  fumifhed  with  a peculiar  ftrudlure  of  veflels, 
which  enables  it  to  live  fome  time  under  water.  Yet  - 
fhe  cannot  live  without  air.  One  that  was  put  into  the 
air-pump,  and  the  air  exhaufted,  feemed  to  bear  it 
better  for  a few  moments  than  any  other  fowl.  But  in 
lefs  than  two  minutes  her  head  fell  down,  and  fhe  ap- 
peared dying,  till  revived  by  letting  in  the  air.. 

A young,  callow  duck  being  tried  in  the  fame  man- 
ner, was  near  death  in.  lefs  than  two  minutes.  It  is 
obfervable  both  of  them  fwelled  extremely,  on  pump- 
ing out  the  air.  It  not  being  intended,  that  water- 

legs,  and  their  toes  stand,  two  forward,  two  backward : a dis- 
position which  is  particularly  convenient  for  the  climbing  of 
trees.  In  this  they  are  likewise  assisted  by  the  uncommon  stiff- 
ness of  the  feathers  of  their  tails,  and  by  their  bending  down- 
ward, whereby  they  are  fitted  so  serve  them  as  props  to  lean  on. 

; * The  cross-bill,  whose  hill  is  thick  and  strong,  with  the  tips 
crossing  each  other,  readily  breaks  open  ‘ fir-cones  and  other 
fruits,  to  come  at  and  feed  on  the'  kernels.  And  undoubtedly 
the  crossing  of  the  bill  was  designed  for  this  very  service. 

. f The*  sea-pye  has  a long,  sharp,  narrow  bill,  compressed 
Bidew-lse,  and  every  way  adapted  to  the  raising  limpets  from  the 
rocks,  which  we  its  chief,  if  not  only,  food. 

fowl 
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fowl  ftiould  live  in  an*  exceeding  rarified  air,  but'  Only 
continue  under  water,'  they  are  qualified  for  this,  but 
not  at  all  for  the  other.- 

Yet  that  ducks  can  live  almbft  aily  where,  we  may 
learn  from  the  blind  ducks  of  the  Zerchintzer  lake  ia- 
Carniola,  a territory  in  Auftria;  This  communicates 
with  another  lake  under  ground  in  the  mountain 
Savornick,  and  fills  of . empties  :itfelf  according 
to  the  fullnefs  or  emptinefs  of  that.  The  waters  of 
the  upper  lake,  when  it  empties,  run  off  by  large 
holes  in  the  bottom.  The  ducks  which  are  very  plen- 
tiful in  the  water,  are  often  carried  down  with  it  into 
the  fubterraneous  lake,  fa  this  many  of  them  un- 
doubtedly peri (h ; yet  fome  remain  alive.  But  they 
loofe  their  fight  and  their  feathers and  at  the  next 
filling  of  the  upper  lake,  both  they  and  vaft  numbers 
of  fi{h  are  thrown  up  with  the  water.  They  make  a 
ftrange  appearance  in  their  naked  Hate  and  for  want 
of  fight  are  eafily  caught.  In  about  a fortnight  they 
recover  their  fight  and  their  feathers,  and  are  then  as 
big  Us  common  wild-ducks.  At  their  firft  coming  up, 
their  ftomaehs  are  full  of  fmaH  fifties,  and  fomethinsr 
refembling  weeds.  It  feems  therefore,;  they  were  not 
quite  blind,  when  in  their  dark  habitation,  but  could 
fee  by  that  fmall  quantity  of  light,  to  fearch  for  and 
y find  their  food.  ' •• 

Nor  is  it  in  this  lake  only  that  thefe  ducks  are  found. 
They  are  frequently  thrown  up,  after  great  rains,  at 
a hole  in  a-  mountain,  near  the  town  of  Laon,  in  the 
•lfle  of  France.  The  water  then  guftiing  out  with  . 
great  violence,  brings  thefe  blind  and  bald  creatures 
■with  it.  And  their  frequency  and  cheapnefs,  from 
the  vaft  quantities  whiclr  are  thrown  out,  make  them. 

. efteemed  no  variety. 

* " - * . * 

' 0 J**  + ■ ' • 

Vr-  - **. 

The  bodies  of  ducters  of  loons  are  admirably  fittedi 
for  diving  s being  covered  with  a thick  plumage,  and 
the  furface  of  it  fo  fmooth,  that  the  water  cannot  pe- 
netrate it.  Hereby  their  bodies  are  defended  from  the 
cold,  the  water  being  kept  at  a diftance  ; and  are  fo 
poifed,  that  by  a light  impulfe*  they  eafily  afcend  m 
► it. 
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it.  Again,  their  feet  are  fituate  in  the  hindmofl  part 
of  their  body,  fo  that  (hooting  them  backward  and 
(hiking  the  water  upwards,  they  plunge  themfelves 
down  with  great  eafe,  and  move  forward  therein.-—  ' 
Their  legs  alfo  are  made  flat  and  broad,  and  their  feet 
cloven  into  toes,  with  appendant  membranes  on  each 
• fide.  By  this  configuration  they  eafily  cut  - the  water, 
and  are  drawn  forward;  to  take  their  ftroke  backward: 
and  by  this,  their  feet  being  moved  to  the  right  or 
left,  ferve  them  as  a rudder  to  turn  under  water.— 
How  they  rife  above  water  is  not  determined  : whether 
by  their  natural  lightnefs;  or  by  (hiking  againft  the 
bottom,  in  the  manner  of  a leap,  or  by  fome  peculiar 
motion  of  the  legs.  That  they  dive  to  the  bottom,  is 
undeniable.  For  in  the  ftomachs,  both  of  the  greater 
and  lefler  kind,  we  find  much  grafs  and  other  weeds  ; 
and  in  the  lefler  kind,  little  elfe.  Yet  both  prey  upon 
fifh  ; and  their-  bills  are  ftraight  and  lharp,  for  the 
eafier  ftriking  their  prey. 

It  is  likewife  remarkable,  that  whereas  in  other  ani- 
mals the  lungs  are  loofe  and  have  much  play,  in  all 
birds  they  adhere  to  the  thorax,  and  have  little  play. 
This  is  a good  provifion  for  their  fteady  flight.  Alfo 
they  want  the  diaphragm,  and  inftead  thereof  have 
divers  large  bladders,  made  of  thin,  tranfparent  mem- 
branes, with  pretty  large  holes,  out  of  one  into  the 
other.  Thefe  membranes  ferve  for  braces  to  the  vif- 
cera,  as  well  as  to  contain  air.  Toward  the  upper 
part,  each  lobe  of  the  lungs  is  perforated  in  two  places 
•with  large  perforations  ; whereof  one  is  toward,  the 
Outer,  the  other  toward  the  inner  part  of  the . lehje. 
.Through  thefe  .perforations  the  air  has  a paflage  into 
the  fore-mentioned  bladders;  fo  that  by  blowing  into 
the  windpipe,  the  lungs  are  ratted,  and  the  whole  belly 
blown  up.  This  doubtlefs  is  a means  to, make  them 
more  or  lefs  buoyant,  as  they  take  jn  more  or  lefs  air : 
and  fo  anfwers  the  defign  of  the  air-bladder  in  fifhes. 


• In  general  we  may  obferve,  whatever  is  peculiar  in 
•the  wings,  bids,  and  every  other  part  of  birds,  on  a 
rclofe  infpeftion  will  be  found  exactly  fuited  to  their 
.wants.  They  are  a fet  of  implements  nicely  propor- 
. . • . . tioned  I 

. 1 

- . f i • •' 

' i 


j 

I 


( 205  ) 

tioned  to  their  manner  of  life.  To  inftance  in  a few, 
fparrows  and  moft  fmail  birds,  are  fupported  by  the 
Jittle  grains  they  find  up  and  down.  They  have  no 
effort  to  make,  to  obtain  their  food,  or  break  it  in 
pieces,  and  therefore  have  a fmail  bill,  as  well  as 
ihort  necks  and  legs,  which  are  fufficient  for  their  pur- 
pofes.  But  the  woodcock,  lnipe,  curlew,  and  many 
other  birds,  feek  their  food  deep  in  the  earth  or  flime. 
Therefore  they  are  provided  with  a long  neck  and  bill, 
and  with  thefe  they  dig  and  fearch  and  want  for  no- 
thing. The  woodpecker,  who  lives  in  a quite  different 
manner,  is  as  differently  formed.  His  bill  is  very 
Jong,  folid,  and  ftrong  : his  tongue  is  fharp,  and  ex- 
tremely long ; befide  which,  it  is  armed  with  little 
points,  and  covered  with  glue  toward  the  extremity. 
He  has  fhort  legs,  two  talons  before,  two  behind,  and 
all  very  crooked.  All  this  equipage  fuits  his  manner 
of  living.  His  food  is  worms  or  infedts,  that  live  in 
the  heart  or  branches  of  trees,  or  under  the  bark  of 
old  wood  ; frequently  they  are  funk  very  deep,  under 
the  bark  of  large  billets.  The  woodpecker  has  hooked 
claws,  to  grafp  thefe  branches;  and  a ftrong  and 
.pointed  bill,  to  find  out  by  darting  it  up.  and  down, 
what  parts  of  them  are  rotten. , When  he  has  found 
^©ut  thefe,  he  with  his  bill,  (hatters  the  bark  and  wood. 
Tie  then  fends  forth  a loud  whiffling  cry,  into  the  ca- 
jvity,  to  alarm  the  infers  and  put  them  in  motion. 
TJext  he  darts  in  his  tongue,  and  by  the  fmail  points 
which  arife  out  of  it,  and  the  glue  that  covers  it, 
draw’s  out  whatever  lodged  there. 

The  heron,  on  the  contrary,  mounts  aloft.  .His 
legs  andthighs  are  very  long,  and  bare  pf  feathers. 
He  has  a great  length  of  neck,  and  an  enormous  bill, 
very  fharp  and  jagged  at  the  end.  What  reafon  can 
:be  affigned  for  a figure,  which  at  firft  fight  feems  fo 
jextravagant  ? He  feeds  on  frogs  and  fmail  (hell-fifh, 
as  well  as  other  fifh,  which  he  finds  in  fens,  or  bogs, 

jot  near  the  fhpres  of  rivers.  He  wants  no  feathers  on 

- * — . * 

Jhis  thighs,  to  walkthrough  water  and  flime  ; but  he 
jneeds  very  long  legs,  to  run  in  the  water,  along  the 
ihpres,  whither  the  fifties  refort  for  their  food.  A long 
neck  and  bill  qualify  him  for  purfuing  and  feizing  his 

P^y 
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prey  at  fome  diftance  : and  the  jaggs  of  his  bill  enable* 
him  to  hold  the  fifti,  which  would  otherwife  Aide  away. 
In  fine,  his  large  wings,  which  feem  incommodious  to 
a bird  of  fo  fmall  a body,  are  abfolutely  needful  for 
his  making  fo  great  movements  in  the  air,  and  con-- 
veying  fuch  burdens  to  his  neft,  which  is  frequently 
two  or  three  leagues  diftant  from  the  place  where  he 
fifties. 

- The  imperfections  therefore  which  we  imagine  we* 
difcover,  in  this  (as  in  many  ether  animals)  in  reality 
belong  only  to  our  own  underftanding,  and  all  our  een- 
fures  of  the  works  of  nature,  are  in  truth,  only  fo 
many  indications  of  our  own  ignorance. 

» t ’ 

' s • ' * 

6.  The  ftomach  (efpecially  of  granivorous  birds,)- 
is  of  a peculiar  ftruffure.  Firft,  there  is  a glandulous 
receptacle,  wherein  the  grains  are  kept  for  fome  time. 
They  are  then  received  into  another  ilomacb,  c on fi fl- 
ing of  two  mufcles,  and  a callous  membrane.  One 
of  thefe  moves  obliquely  downward,  and  the  other  up- 
ward. Hereby  the  Ihell  of  the  grain  is  broke,  and 
the  meal  exprefled  and  mixt  with  proper  juices.  The 
aliments  thns  prepared,  fall  into  the  bottom  of  the 
ftomach,  where  they  are  purged  again  from  the  re- 
fufe  : to  which  end  that  part  is  a little  railed,  that  the 
corn  may  not  pafs  out  too  foon.  There  is  afto  a par- 
tition, which  divides  what  is  already  digefted  from  the 
reft. 

« As  birds  have  no  bladder,  m the  room  of  urine,  a 
whitilh  excrement  is  difcharged  from  the  kidneys  into 
the  reltum. 


L 


i 7.  The  generation  of  birds  is  not  well  known.  . In 
the  ovary,  placed  between  the  liver  and  the  back- 
bone, a great  number  of  yolks  are  contained  ; one  of 
which  when  impregnated,  pafles  through  the  oviduCt 
into  the  womb,  where  it  receives  the  white  and  the 
Ihell,  and  remains  till  it  comes  to  its  full  fize.  The 
parent  then  broods  over  it,  till  the  young  being  gra- 
dually formed,  perfected,  and  quickened,  burits  the 
(hell. 

Undet 
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• Under  the  fhell  of  an  egg  lies  the  common  mem* 
brane,  adhering  clofely  to  it,  except  at  the  bigger  end* 
where  a little  fpace  is  left  between  them.  This  mem- 
brane contains  two  whites*  each  enclofed  in  its  own 
membrane.  In  the  middle  of  the  inner  white  is  the 
yolk,  enclofed  likewife  in  a feparate  cover.  The  outer 
white  is  oval,  the  inner  round,  (as  is  the  yolk)  and  of 
a more  vifcid  fubftance. 

At  each  end  is  a chalaza,  a white,  denfe  body,  con- 
fiding of  three  little  globules,  like  grains  of  hail*  (fo 
the  word  fignifies)  all  joined  together.  Thefe  ferve 
both  to  knit  the  feveral  membranes  together,  and  to 
\ keep  the  liquors  in  their  proper  places  and  pofition. 

About  the  middle  of  the  fmall  end  of  the  yolk,  is 
a little  yellowifh  bladder,  like  a vetch,  called  the  cica- 
tricula  or  eye  of  the  egg.  This  contains  a humour, 
in  and  out  of  which  the  young  bird  is  generated.  The 
white  ferves  it  for  food,  till  it  becomes  big ; then  the 
yolk,  and  likewife  after  it  is  hatched.  For  even  then 
a good  part  of  the  yolk  is  lodged  in  its  belly,  as  in  a 
ftore-houfe,  and  being  conveyed  thence  by  the  iritef- 
tiual  dudt  into  the  bowels,  ferves  it  indead  of  milk. 

An  egg,  improperly  fo  called,  is  that,  of  the  whole 
» whereof  the  animal  is  formed.  Such  are  the  egg s of 

flies.  " Proper  eggs,  when  excluded,  need  Ho  external 
nutriment.  Of  proper  eggs,  fome  are  perfedt,  that  is, 
have  all  the  parts  above  defcribed,  While  in  the  ovary 
or  womb  : fome  imperfedt,  which  have  them  not,  till 
after  they  are  excluded  ; as  thofe  of  fifhes,  which 

aHume  a white  in  the  water. 

- ' * * 

- An  egg,  not  impregnated  by  the  male,  will  never 
breed  young,  but  always  putrify.  One  impregnated 
contains  the  rudiments  of  the  bird,  eveft  before  incu* 
bation.  By  the  microfcope  we  fee  the  plain  carina  or 
fpine  of  it  fwimming  in  the  middle  of  the  cic'atricula, 
confiding  of  . fine,  white  threads,  which  incubation 
gradually  perfedts.  . 

• ‘C 

The  air-bag  is  very  fmall  in  a new-laid  egg,  but  be- 

♦ * , • comes 
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comes  larger,  when  the  egg  Is  kept.  The  yolk  is'fpe- 
cifically  heavier  than  the  white.  Hence  its  fmaller  end 
is  always  uppermoft,  in  all  pofitions  of  the  egg. 


* • ......  • 

?,  After  incubation*  the  air-bag  gradually  extends,  till 
near  the  hatching  it  takes  up  a third  of  the  egg.  By 
incubation  the  white  becomes  thinner  and  more  turbid, 
efpecially  near  the  air-bag,  where  it  is  firft  confumed. 
Then  it  ieffens  towards  the  ftiarp  end  of  the  egg,  till 
nothing  is' left,  but  a white,  chalky  fubftance.,  The 
.white  of  an  impregnated  egg  is  as  fweet  all  the  time ' 
.of  incubation  , as  that  of  a * new-laid  egg.  T They  are" 
;only  unimpregnated  eggs,  vulgarly  called  win d-egg%, 
which  putrify  and  ftink.  • * . 


The  yolk  alfo  remains  frefli  and  uncorrupted  all  the 
.time  of  the  incubation..  It  is  depreft  in  the  middle, 
as  the  chick  grows,  and  is  foon  brought  into  a form, 
.not  much  unlike  that  of  a horfe-flioe,  in  the  middle  of 
which  the  chick  lies*..  . 


♦ Not  long  before  the  chick  is  hatched,  the  whole  yolk 
.is  taken  into  the  abdomen.  . 


* *"  * ?•  . r.  > < <w«  ' - • . * 41, 

The  eye  or  tread,  which,  the  chick  lies,  is  loon 
enlarged  by  incubation,  and  rrfes  to  the  upper  part 
■of  the  eg g.  The  heart  and  umbilical  veffels,  are  fome 
of  the  firft  parts,  which  we  are  able  to  diftinguifti. 


• **  # » • . 

The  embryo  is  feen  at  firft  like  a fmall  worm.  Then 

its  carina  or  fpine  appears,  with  the  large  prominencies 
!that  afterwar4  Jhew  themfelves  to  be  the  brain  and 
eyes.  The  other  bowels  feem  hanging  from  the  fpine. 
Then  the  chafm  of  the  mouth  ij>  discovered.  The  ex- 
tremities fprout  out*  The  bowels  are  gradually  co- 
hered with  the  teguments.  At  laft  the  beak,  nails, 
.and  feathers  are  feen.  When  all  its  parts  are  formed, 
• the  chick  is  always  found  lying  on  its  iide,  with  its 
neck  bent  forward,  the  head  covered  with  the  upper 
fwing,  and  ther beak  placed  between  the  thighs. 


The  birds  which  nouri/h  their  young,  have  com- 
,tnonly  very  few.  On  the  contrary,  thofe  whofe  young 

feed 
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feed  themfelves  when  they  firft  fee  the  day,  have  fome* 
times  eighteen  or  twenty  a*t  a*  brood*  This  prudence 
could  only  fpring  from  Him,  who  regulates  all  things 
to  the  beft  advantage*  Were  tliofe  who  provide  for 
their  young  to  have  fo  numerous  a br.ood,  both  the  pa** 
rents  would  be  {laves,  and  yet  the  young  but  ill  ac- 
commodated. Whereas  the  mother,  who  only  marches 
at  their  head,  without  nourifliing  them*,  can  condu&: 
twenty  as  well  as  four. 

But  when  they  firft  make  their  appearance,  what  caw 
do  * the  parents  take,  till  their  young  din  fub ft (h  with- 
out.them  ? Of  thofe  that  feed  their  young,,  the  linnet 
and  the  nightingale  then  labour  like  the  reft. . Some- 
times one  parent  goes*  in-  queft  of  provifions,  fometimes 
the  other,  and  fometimes  both.  They  are  up  befoie 
the  fun.  And  the  food  they  have  procured,  they  diftri- 
bute  with  great  equality,  giving  each  a portion  in  its. 
turn,  before  ever  they  feed  one  bird  twice.r 

/ And  this  tendernefs  for  their  offspring  is  fo  ftrong* 
as  even  to  change  their  natural  diipofition.  Fellow 
the  hen  when  fhe  is  thfe  parent  of  a family,,  and  ftie  ift 
no  longer  the  fame  creature.  She  is  no  longer  ravenous 
and  infatiable.  If  {he  finds  but  a grain  of  corn  or  a 
crum  of  bread,  fhe  never  touches  it  herfelf,  but  calls 
her  troop,  by  a note  they  well  under  (land,  and  divides 
it  among  them*  She  is  no  longer  timoious,  but  at 
the  head  of  her  young,  will  fpring  even  at  the-  ftouteft. 
dog. 

• * 1 • . „ « • 

When  the  turkey-hen  appears  at  the  head  of  he^ 
young,  fhe  fometimes  utters  a mournful  cry,  and  they 
immediately  run  under  bufhes,  furze,  or  whatever  pre- 
fents  itfelf*  She  looks  upward,  and  repeats  her  cry  i 
which  is  occafioned  by  her  feeing  a bird  of  prey,  though 
ib  diftant,  that  he  appears  unto  us,  only  as  a dark 
point  under  the  clouds*..  But  he  jio  fooner  difappears, 
than  fte  utters  another  cry,  which  revives  all  her  brood. 
They  run  to  her,  flutter  their  wings,  and  fhew  all  the 
tokens  of  joy.  Now,  who  apprizes  her  of  an  enemy, 
that  never  yet  committed  any  aft  of  holtility  in  the 
country  ? And  how  is  lhe  able  to  difeover  him,  when 

at 
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Rt  fo  great  a diflance  ? How  are  her  family  iflftruAedj- 
to  underfland  her  different  cries,  and  regulate  their  be-  - 
baviour  accordingly  ? What  wonders  are  thefe  which, 
are  daily  obvious  to  our  view,  though  we  treat  thenr 
with  inattention  ? 

An  amazing  degree  of  natural  inflindl,  or  undef- 
ftanding,  God  has  imparted  t©  birds  of  pafi'age.  They 
fly  in  troops,  often  in  the  form-of  a wedge,  with  the 
point  foremoft.  They  fleer  their  courfe  through  un-- 
known  regions,  without  either  guide  or  compafs.  And 
they  are  peculiarly  accommodated  for  their  flight,  by 
the  flrudture  of  their  parts. 

< ■ ' ■ ■ 

‘ In  the  adl  of  migration,  it  is  highly - remarkable* 

!•  That  they  know  (as  the  fcripture  fpeaks)  * their  ap- 
pointed times,  when  to  come  and'*  when  to  go.  Ap- 
pointed by  whom  ? Surely  by  the  great  Creator;  who 
has  imprinted  on  their  nature  an  inclination,  at  fuch  a' 
time  to  fly  from  a place  that  would  obftrudt  their  ge- 
neration, or  not  afford  food  for  them  and  their  youngs 
and  betake-  themfelves  to  another  place,  which  will 
afford  all  that  is  wanting. 

It  is  highly  remarkable,  2.  That  they  know  whither 
- g°>  and  which  way  to  fleer  their  courfe  !~  That  they 

fhould  be  directed  yearly  to  the  fame  place,  perhaps  ta 
a little  ifland,  as  the  BafTe  in  Edinburgh-F rith.  How 
came  land-birds  to  venture  over  a vafl  ocean,  of  which- 
they  can  fee  no  end  ? And  how  do  they  fleer  their  ' 
courfe  aright  to  their  feveral  quarters,  which  before" 
the  compafs  was  invented,  man  himfelf  was  not  able' 
to  do  ? They  could  not  poffibly  fee  them  at  that  dif- 
tance. Or  if  they  could,  what  fhould  teach  or  per* 
fuade  them  that  that  land  is  more  proper  for  their  pur«- 
pofe  than  this  ? That  Britain,  for  inflance,  fhould  af- 
ford them  better  accommodations,  ’than  Egypt,  than 
the  Canaries,  than  Spain,  or'  any  other  of  the  inter- 
mediate places  ? 

' But  it  has  been  commonly  fuppofed  that  feveral  birds 
are  of  this  number,  becaufe  they  difappear  in  winter,, 
which  really  are  not ; cuckoos,  for  inflance,  andfwal- 
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lows  : for  neither  of  thefe  ever  crofs  the  feas.  Cuckooi 
lodge  all  the  winter  in  hollow  trees,  or  other  warm 
and  convenient  cavities.  And  fvvallows  ■ have  been 
found  in  vaft  quantities,  clung  together  in  a lump,  like 
fwarms  of  bees,  but  utterly  cold  and  fenfelefs,  even 
in  ponds  that  have  been  cleaned  out,  hanging  unde* 
the  water. 

. I know  not  how  we  can  doubt  of  this  fad,  that 
fwallows  have  been  found  in  winter,  under  water,  clung 
together,  attefted  by  men  of  unqueftionable  veracity. 
And  yet  others  affirm,  that  they  have  feen  flights  of 
fwallows  croffing  the  fea  in  autumn.  The  truth  feems 
to  be  this.  There  are  fomefpecies  of  fwallows,  whi<?h 
feek  a warmer  climate  at  the  approach  of  winter,  while 
others  remain  here  in  a temporary  death,  like  the  flies 
on  which  they  feed. 

They  have  tn  Virginia,  a martin  like  ours,  only 
larger,  which  builds  in  the  fame  manner.  Col.  Bacon 
obferved  for  feveral  years,  that  they  conftantly  came 
thither  upon  the  tenth  of  March.  Two  of  them  always 
appeared  a day  or  two  before,  hovering  in  the  air. 
Then  they  went  away,  and  fpeedily  returned,  with  the 
whole  flock. 

The.  following  feems  to  be  a very  rational  account 
of  mod  of  thofe  that  are  really  birds  of-  palfage. 

When  by  the  approach  of  our  winter  their  food  fails* 
birds  of  palfage  are  taught  by  inftinft  to  feek  it  elfe- 
where.  Want  of  food  feems  to  be  the  chief  reafon  of 
their  migration.  The  length  of  their  wings  enables 
them  to  catch  the  flying  infefts,  with  which  the  air  is 
ftored  during  the  warm  months.  And  moll  fummer 
birds  of  palfage,  feed  on  the  wing  upon  fuch  mfe&s  as 
are  feen  no  more  when  winter  comes.  If  rt  be  con- 
fidered,  how  much  of  the  globe  ftill  remains  unknown, 
it  is  no  wonder  we  are  not  yet  acquainted  with  the 
places  to  which  they  retire.  Probably  they  lie  nearly 
in  the  fame  latitude  in  the  fouthern  hemifpHertv  &s  thofe 
from  whence  they  depart. 

• As  fwallows  cannot  bear  fo  much  cold,  as  fome 
Other  birds  of  palfage,  they  are  conftrained  to  vifit  us 
fomewhat  later,  and  to  depart  fomewhat  fooner.  Some 
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ftay  a month  after  them*  Probibly  many  of  tfiei# 
perform  their  long  journiesxhiefly  in  the  night.  Lyings 
©n  the  deck  of  a floop  on  the  north  lide  of  Cuba,  I and' 
the  company  with  me  heard;  three  nights  fucceffively, 
flights  of  rice-biids  (their  notes  being  plainly  diftin- 
guiihablel  palling  aver  our  heads  northerly,  which  is^ 
their  dire#  way  from  the  fouthern  continent  of  Ame- 
rica, from  whence  they  go  yearly  when  the  rice  begins 
to  ripen,  and  after  growing  fat,  , return  back.* 

. There  are  allb  winter  birds  of  paflage,  which  arrive 
here  in  autumn  and  go 'away  in  fpring,  namely,  the 
fieldfare,  redwing,  woodcock,  and-  fnipe.  But*  the 
two  latter  fometimes  < ipencf  the  whole  year  here.- 
Whereas  the,  two. former  conftantly  at  the  approach  of 
fummer,;  retire  to  more  northern  climates,  where  they 
breed*  and  remain  till-  at  the  return  of  winter,  they 
return -to  us 'again.  t - 

The  winter  food  of  thefe  birds  being  berries  and  haws*- 
which  are  far  more  plentiful  here  than  in  more  nor-' 
them  regions*  this  is  one  reafon  of  their  coming  over  > 
but  the  principaf  is,  .the  ieverity  of  the  weather  in  tbofe 
climates,,  which  nature  teaches  them  to  exchange,  for 
fuch  as  are  more  temperate.  But  why  do  they  depart 
from  us  infpring  ? This  ftill  remains  among  the  fecrets 
of  nature.^  * 

Befide  thefe  fummer  and'  winter  birds,  > there  am 
others  which  come  periodically  to  certain  places,  for 
the  fake  of  fome  fort  of  food,’  which  their  own  coun-* 
try  is  deftrtute  oft*  Thefe  auickly  depart,  and  are  feeitf 
no  more  till  that  time  twelvemonth*-  , Such  are  the? 
rice-bird  and  blue-wing  of  Carolina*. 

< But  above  half  a century  pafled,  from  the  time  of 
cultivating,  rice  and  wheat  in  Carolina  and  Virginia*  * 
before  thefe  foreign  birds  made  their  appearance  there J- 
The  wheat  birds  now  come  annually  to  Virginia,  when 
the  wheat  vii pens,  and  have  come  every  year,dince  ' 
their fir fb  appearance,  * in  numerous  flights. 

v The  fpecies  of  birds  already  known,  amount  to 
about  eight  hundred.  Linnaeus  divides  them  into  fix 
dalles  ; namely,  into  birds  of  the  rapacious  kind,  birds 
of  the  pie  kind,  birds  of  the  poultry  kind,  birds  of  the 
fparrow  kind,*  birds  of  the  duck  kind,  and  birds  of  the 
\ * crane' 
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■crane  kind.  The, -four  firft  comprehend  the  kinds  of 
land  biidsj  the  two  latt,  thofe  that  belong  to  the 
-water.  ' . ■<  ' : 

In  (beginning  with  - the  feathered  tribe,  the  oftrich  . 
feems^t©  unite  the  clafs  of  beads  and  of  birds  in  itfelf. 
While  it  haS  the  general  outlines  and  properties  of  a 
bird,  fit  retains  many  ©f  the  marks  of  a bead.  In  ap- 
pearancedt  relerobles  the  camel, , and  is  almod  as  tall ; 
it  is  cpvered;with  a plumage  that  refembles  hair  much 
more  than  feathers,  and  its  internal  parts  bear  as  near 
a-fimilitude  to  thofe-of  the  bead  as  of  the  bird  creation. 
It  may  be  confidered,  therefore,  as  an  animal  madet© 
fill  up  that  diafm  in  nature  which  Separates  one  clafs 
of  beings  from  another.  It  is  ufually  feven  feet  high, 
from  the  top  of  the  head  to - the  ground.  The  exter- 
nal eye  is  like  that  of  a man,  the  upper  eye-lid  being 
adorned  with  eye-ladies  which  are  longer  than  thofe  on 
the  lid  below 

They  inhabit  the  molt -folitary  defarts,  where  there 
are  few  vegetables,  and.  where  the  rain  never  comes. 
The  .Arabians  aflert,  that  .the  odricb  never  drinks ; and 
the  place  of  its  habitation  confirms  the  affection.  In 
thefe  regions,  odriehes  are  feen  in  large  flocks,  which 
to  the  didant  lpedator  appear  like  a regiment  of  ca- 
valry. The  obrich  is  of  all  other  animals  the  mod 
voracious.  It  "will  devour  leather,  hair,  grafs,  iron, 
done^  or  any  thing  that  is  given.  But  thofe  fubdances 
which  the  coats  of  the  domach  cannot  foften,  pafs 
whole  ; l'o  that -hair,  dones,  and  iron,  are  excluded  in 
the  form  in  which  they  were  devoured. 

In  their  native  defarts,  however,  ,they  live  chiefly 
upon  vegetables,  where  they  lead  an  inoffenfive  and 
foetal,  life  ; the  male,  as  The  vena  t affures  us,  afforting 
•with  the  female  wfith  connubial  fidelity.  They  lay  ger 
neraliy  from  forty  to  fifty  eggs.  It  has  been  com- 
monly reported,  that  the  female,  depofits  them  in  the 
fand  i leaves  them  to  be  hatched  by  the  heat  of  the 
climate,  and  then  permits  the  young  to  fhift  for  them- 
felves.  Very  little  of  this,  however,  is  true  ; no  bird, 
has  a drouger  affeftion  for  her  young  : none  watches 
her  eggs  with  greater  affiduity.  Indeed,  in  thofe  hot 
climates,  there  is  no  neceffity  for  the  continual  incu- 
bation of  the  female  ; but  though  the  female  forfake* 
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her  eggs  by  day,  ftie  carefnlly  broods  over  them  by 
night.  Then  they  fit  on  their  eggs  like  other  birds, 
and  the  male  and  female  take  this  office  by  turns.  Nof 
•do  they  forfake  their  young  after  they  are  excluded  the^ 
ifhell.  On  the  contrary,  the  young  ones  are  not  even 
able  to  walk  for  feveral  days  after  they  are  hatched. 
During  this  time,  the  old  ones  are  very  affiduous  in 
fupplying  them  with  -grafs,  and  very  careful  to  defend 
them  from  danger : nay,  they  encounter  every  danger 
In  their  defence.  •’  ' 

All  land-birds  of  the  rapacious  “kind,  are  furniflied 
with  a large  head,  and  ftrong  crooked  beak,  notched 
at  the  end,  for  the  purpofe  of  tearing  their  prey. 
They  have  ftrong  fhort  legs,  and  (harp  crooked  talons 
for  the  purpofe  of  feizing  it.  Their  bodies  are  formed 
for  war,  being  fibrous  and  mtifcular  ; and  their  wings 
for  fwiftnefs  of  flight,  being  well  feathered  and  expan-  * 
five.  The  fight  qf  fuch  as  prey  by  day  is  aftoniftimgly 
■quick  ; and  fuch  asravage  by  night,  have  their  fight 
fo  fitted  as  to  fee  objects  in  darknefs.  Thus  formed 
for  war,  they  lead  a life  of  folitude.  They  inhabit, 
by  choice,  the  moft  lonely  places.  They  make  their 
nefts  in  the  clefts  of  rocks,  and  in  the  higheft  aud  moft 
inacceffible  trees  of  the  foreft.  Whenever  they  appear 
in  the  - cultivated  plain,  it  is  only  for  the  purpofes  of 
depredation  s and  they  fpread  terror  wherever  they  ap- 
proach : all  the  variety  of  mafic,  which  but  a mo- 
ment before  enlivened  the  grove,  at  their  aproach  is 
at  an  end : lefler  birds  feek  for  fafety,  either  by  con- 
cealment or  flight  ; and  fome  are  even  driven  to  take 
protection  with  man,  to  avoid  their  lefs  merciful  pur- 
fuers. 

It  would  indeed  be  fatal  to  all  the  fmaller  race  of 
birds,  if,  as  they  are  weaker  than  all,,  they  were  alfo 
purfued  by  all : but  it  is  contrived  wifely,  that  every 
order  of  carnivorous  birds  feek  only  for  fuch  as  are  of 
a fize  approaching  their  own.  The  eagle  flies  at  the 
buftard  Or  the  pheafant,  the  fparrow-hawk  at -the  thrufti 
and  the  linnet.  And  nature  has  provided  that' each 
fpecies  fhould  make  war  only  on  fuch  as  are  furnilhed 
with  adequate  means  of  efcape.  The  fmalleft  birds 
avoid  their  purfuersby  the  extreme  agility,  rather  than 
the  fwiftnefs  of  their  flight,;  for  every  order  would 
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foon  be  at  an  end,  • if-  the  eagle,  to  its  fwiftnefs  of  wing, 
added  the  verfatility  of  the  fparrow. 

Another  circumftance  which  tends  to  render  the  ty- 
ranny of  tkefe  animals  more  fupportable,  is,  that  they 
are  lefs  fruitful  than  other  birds.  Thofe  of  the  larger 
kind  feldom  produce  above  four  eggs,  often  but  two ; 
thofe  of  the  fmaller  kinds,  never  above  fix  or  feven. 
Likewife  the  carnivorous  kinds  only  breed  annually, 
Jind  of  confequence  their  fecundity  is  fmall. 

y * ' r * % . ~ ■* 

* « ; 

8.  The  largeft  of  birds  -is  the.cuntur  of  Peru.  The 
body  is  as  big  as  that,  of  a iheep.  Its  wings  extended 
;are  fifteen  or  fixteen  feet  from  point  to  point.  It'  is 
never  feen  in  forefts,  becaule  it  would  not  have  room 
to  fly,  but  frequents  the  fea-lhore  and  the  banks  of 
rivers.  Nature,  .to  allay  their-  fiercenefs,  has  denied 
them  the  talons  given  to  .eagles,  though  they  are  of 
the  eagle-kind.  However,  their  beak  is  ftrong  enough 
to  tear  off  the  hide,  and  rip  up  the  bowels  of  an  ox.  ; 
• What  a bleffing  is  it  to  mankind, . that  there,  are  but 
few.,  (juft  enough  to  keep  up  the  fpecies)  of  this  monf- 
ter  in  .the  -feathered  creation  ! - And  into  what  can  we 
refolve  this,  but  the  wife  and  over-ruling  care  of  an 
adorable  providence:?  ; , 

In  beafts  the  -Imalleft  animals  are  noxious,  and 
loathfome  j the  fmalleft  of  birds  are  the  mod  beauti- 
ful, innocent,  and  fportive.  Of  all  thofe  that  flutter 
in  the  garden,  or  paint  the  landfcape,  the  humming- 
bird is  the  moft  delightful  to  look  upon,  and  the  moft 
inoffenfive. 

- Of  this  . there  are  .fix  or  feven  varieties,  from  the  fize 
of  a fmall  wren,  down  to  that  of  an  humble  bee.  An 
European  could  never  have  fuppofed  a birdexifting  fo 
very  fmall,  and  yet  completely  furniflied  out  with  a 
bill,  feathers,  wings,  and  inteftines,  exactly  refembling 
tlrofe  of  the.  largeft  kind.  A bird  not  fo  big  as  the- end 
of  one’s  little  .finger,  would  probably  be  fuppofed  but 
a creature  of  imagination, ; were  it  not  feen  in  infinite 
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feathers  on  Its  wings  and  tail  are  black  ; but  thole  on 
its  body,  and  under  its  wings,  are  of  a greenifh  brown, 
with  affine  red  caft  or  glofs,  which  no  (ilk  or  velvet  can 
imitate.  It  has  a fmall  creft  on  its  head,  green  at  the 
bottom,  and  as  it. were  gilded  at  the  top;  and  which 
fparkles  in  the  fun  like  a ftar  in  the  middle  of  its  fore- 
head. The  bill  is  black,  ftraight,  flender,  and  of  the 
length  of  a fmall  pin.  - 

As  foon  as  the  fun  is  rifen,  the  humming-birds,  of 
different  kinds,  are  feen  fluttering  about  the  flowers, 
without  ever  lighting  upon  them,  ^heir  wings  are  in 
fuch  rapid  motion,  that  it  is  impoflible  to  difcem  their 
colours,  except  by  their  glittering.  They  are  never 
ftill,  -but  continually  in  motion,  vifiting  flower  after 
flower  i they  are  furniftied  with  a forky  tongue,  that 
enters  the  cup  of  the  flower,  and  extracts  its  ne&ared 
tribute.  Upon  this  alone  they  fubfift.  The  rapid  mo- 
tion of  their « wings  brings  out  an  humming  found, 
from  whence  they  have  their  name. 

The  nefts  of  thefe  birds  are  not  lefs  curious  than  the 
reft : they  are  fufpended  in  the  air,  at  the  points  of 
twigs  of  an  orange,  a pomegranate,  or  a citron-tree. 
The  female  is  the  architect,  while  the  male  goes  in 
queft  of  materials  ; fuch  as  cotton,  fine  mofs,  and  the 
fibres  of  vegetables.  Of  thefe  materials  a neft  is  com- 
pofed,  of  abouorhe  fize  of  a hen’s  egg  cut  in  two, 
admirably  contrived,  and  warmly  lined  with  cotton.1 
They  lay  two  eggs  at  a time,  about  the  fize  of  fmall 
peas,  and  as  white  as  fnow,  with  here  and  there  a yel- 
low fpeck.  The  male  and  female  fit  upon  the  neft  by 
turns  ; but  the  female  takes  to  herfelf  the  greateft 
fliare.  She  feldom  quits  the  neft,  except  a few  mi- 
nutes in  the  morning  and  evening  when  the  dew  is  upon 
the  flowers.  The  time  of  incubation  continues  twelve 
days  5 at  the  end  of  which  the  young  ones  appear, 
much  about  the  fize  of  a blue-bottle  fly. 

Father  Labat’s  companion,  in  the  million  to  Ame- 
rica, found  the  neft  of  a humming-bird,  and  took  it 
in,  at  a time  when  the  young  ones  were  about  fifteen^ 
or  twenty  days  old;  he  placed  them  in  a cage  at  his 
chamber  window ; but  he  was  foon  furprifed  to  fee^the 
old  ones,  that  came  and  fed  their  brood  regularly  every 
hour  in  the  day.  By  thefe  means  they  themfelves  foon 
c . ;.\  - # * ' grew 


C 217  ) 

grew  fo  tame,  that  they  feldom  quitted  the  chamber  ; 
but  without  any  conftraint,  came  to  live  with  their; 
young  ones.  • 1 i 

All  four  have  frequently  come  to  perch  upon  their 
mailer’s  hand,  chirruping  as  if  they  had  been  at  li- 
berty. He  fed  them  with  a fine  clear  pafte,  made  of 
wine,  bifcuit,  and  fugar.  They,  thruft  their  tongues 
into  this  pafte,  till  they  were  fatisfied,  and  then,  flut- 
tered and  chirruped  about  the  room.  I never  beheld 
any  thing  more  agreeable,  continues  he,,  than  this, 
lovely  little  family,  that  had  taken  pofleffion  of  my, 
companion’s  chamber,  and  that  flew  out  and  in  juft  as 
they  thought  proper  ; but  were  ever  attentive  to  the 
voice  of  their  mailer  when  he  called  them,  lathis 
manner  they  lived  with  him  for  above  fix  months  ; but, 
at  a time  when  he  expe&ed  to  fee  a new  colony,  he 
unfortunately  forgot  to  tie  up  their  cage  to  the  ceiling 
at  night,  to  preferve  them  from  the  rats,  and  he  found 
they  were  devoured  in  the  morning.  ; / . - ■ 

Even  vultures  are  in  Egypt  of  lingular  fervice.' 
There  are  great  flocks  of  them  in  the  neighbourhood 
of  Grand  Cairo,  which  no  perfon  is  permitted  to  de- 
ftroy.  The  fervice  they  render  the  inhabitants,  is  the 
devouring  the  carrion  and  filth  of  that  great  city,  which 
might  otherwife  corrupt  and  putrify  the  air.  They 
are  commonly  feen  in  company  with  the  wild  dogs  of 
the  country,  tearing  a carcafe  very  deliberately;  toge-t 
ther.  This  odd  aflbciation  produces  no  quarrels  ; the. 
beafts  and  birds  live  amicably,  and  nothing  but  har- 
mony fubfifts  between  them.  . . :jt  ;t 

The  wonder  is  Hill  the  greater,  as  both  are  extremely 
rapacious,  and  both  leatb*  and  bony  .to  a very  great^  de- 
gree, having  no  great  plenty,  even,  of  the  wretched 
Jfood  on  which  they  fubfift.  . . , '■  , 

In  America,  wherever,  the  hunters  go,  who  purfue 
beafts  for  their  lkins,.thefe  birds  purfue  theme-  /They 
ftill  keep  hovering  at  a little  diftance ; and  when  they; 
fee  the  bead  flayed  and  abandoned,  they  cafl  out  to  each 
other,  pour  down  upon  the.  carcafe,  and  in  an  inftatit,. 
pick  its  bones  as  clean  as  if  they  had  been  ferape^  by 
a knife.  ; b**Bo  g os 

t Rooks  keep  together  in  pairs  ; and.  when  the-offioes, 
Vol.I.  , K of 


<rf  conrtlhip  aite  over,  prepare  for  making  their  nefts 
and  laying.  The'old  inhabitants  of  the  place  are  al- 
ready provided  ; the  nell  which  ferved  them  for  years 
before,  with  a little  dreffing  will  ferve  again  $ the  diffi- 
culty of  nettling  dies  only  upon  the  young  ones  who 
have  no  nett.  And.not  only  the  materials  are  want- 
ing, 'but  alfo  the  plate  in  which  to  fix  it.  Every  part 

a tree  will  not  do  for  thisporpdfe,  as  fdme  branches 
jhay  not  be  fufficientlyforked;  others  may  not  be  fuffi- 
,ciently!ftrong ; and  others  may  be 'to©  much  expofed 
to  die  roekings  of  the  Wind. 

The  male  attd  female  upon  this  occafion  are,  for 
feme  days,  feeh  examining  all  the  trees  of  the  grove 
very  attentively  5 and  when  they  have  fixed  upon  a 
btanch  fit  for  mat  purpofe,  they  continue  to  fit  upon 
and  obferve  it  very  fedulotifly  for  two  or  .three  days 
longer. 

The  place  being  determined,  they  begin  to  -gather 
the  materials  ; fuch  as  flicks  and  fibrous  roots,  which 
they  regularly  difpofe  in  the  moft  fubftantial  manner. 
But  here  a new  and  urrexpe&ed'  obftaele  anfes : it  often 
happens  that  the  young  couple  have  made  choice  of  a 
place,  too  near  the  manfion  of  an  older  pair,  who  do 
not  chufe  to  be  ,incommoded;by  neighbours.  A quar- 
rel therefore  inflantly  ehfues,  in  which  the  old  ones 
are  always  victorious. 

' The  young  couple  thus  expelled,  are  Obliged  again 
to  go  through  the  fatigues  of' examining,  and  chafing.; 
and  having  taken  care  to  keep  their  dufe  diftance,  the 
nett  'begins  again.  fkLtthey.growweary  of  bringing 
materials  from  diftant  places. j and  ^perceive  that  flicks 
ittof  he  provided  -hearer  home,  J Away  they  go,  there- 
fore^ G>  pilfer  as  -fafl  naa-tbey  can  J;  tend  fcdrererer  they 
fee  a neft  unguarded,-  theyrdb  it  wf  tbe  choieeft  flacks 
of  which  it  is  compofed.  Bm  thefe'thfefts  never  go 
unpuniflftd.  -Eight  or  dtM  rooks  come,  and  fettlng 
Upon  the  new-  neft  of  die  young'  couple  at  once,  tear  it 
ih'pifecealn  4 moment. 

:!  oteugthy  therefore,  the  young ! pair  find  the : ne- 


ogflkyuif^going  more  honeftly  to  work.  While  one 
flies  to'feteh  the  materials,  the  other  fits  upon  the  tree 
to  guard  it  ; and  thus  in  the  fpace  of  three  or  four 
a fkhihifli  now  and  then- between,  -thepair 
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liawe  fitted  up  a commodious  neft,  compofed  of  flicks 
^without,  .and  fibrous  roots  and  long  grafs  within.  From 
1 the  i nil  ant  the  female  begins  to  lay,  all  hoftilities  am 

| -At  an  end;  not  one  of  the  whole  grove,  that  a. little 

-before  treated  her  fb  rudely,  will  now  mokft  her  j -fo 
thatfhe  .brings forth^her  brood  with  patient  .tranquil, 
.lily.  Such  isthe  feyerity  with  which  even  native  rooks 
are  treated  by  each  other  ; but  if  a foreign  rook  fhould 
attempt  to  make  himfelf  a denizen  of  their  fociety  ; 
;the  whole  grove  would  at  once  be  up  m arms  againft 
iitra,  And  expel  him  without  mercy. 

_ In  all  its  habits  the  magpie,  difco  vers  a -degree  of  In- 
Hin£l  unufual  to  other  . birds.  ‘Its  neft  is  not  lefs  re- 
markable dor  the  manner  in  .which  it  is  compofed,.  than 
For  the  placeit  is  built  in  neither  in.  the  middle  of  feme 
. .hawthorn  buffi,  or  on  tfie-top  of  fome high  tree.' 

.It  is  always  difficult  .of  accefs  ; for  the  tree  -oribufh 
-•pitched  upon,  ufually  grows  in  feme  thick  hedge-row, 
-denced  by  brambles  at  the  root.  - 

When  the  place  is  chofen  as  inacceffible  as  poffibleto 
canen : the  next  care  is  .to  fence  the  neft  above  from 
'Various  enemies. 

The  kite,  the  crow,  and  the  fparrow-hawk,  are  to 
-be  guarded  againft ; as  their  nefts  haveheen  fbmetimes 
plundered  by  the  magpie,,  do  it  may  be,  they  will  take 
san  opportunity  to  retaliate.  To  prevent  this,  the  mag- 
pie's neft  is  built  with  ferprifing  labour  and  ingenuity. 

The  body  of  the  neft  is  compofed  of  hawthorn 
■brandies  ; the  thorns  flicking  outward,  bm  well  united 
^together  by  their  mutual  infertion.  ,‘It  is  lined  with 
fibrous  roots,  wool,  and  long  £rafs,  and  -nicely  phdf- 
-tered  round  with  mud  and  day.  'The  body  of  the 
'heingthus  made  firm  and  commodious,  the  next  wo*k 
.as  to  make  die  canopy  which  is  to  defend  it  above. 

This  is  .compofed  -of  the  fharpetl  thorns,  fo  wove 
together,  as  to  deny  all  entrance  except  at  the  door, 

; which  is  juft  -large  enough  to- permit  egrets  and  regrets 
to  the  owners.  In  this  fortrefs  the  male  and  female 
hatch  and  bring  up  their  brood  withfeeurity,'  flickered 
■Tfrotn  all  attacks  but  thofe  of  the  climbing  ichool-boy, 
«wlio  often  finds  his  torn  and -bloody  hands  too  dear -a 
price  for  the-  eggs  or  the  young-  ones, 

S2  ' As 


; As  the  wood-pecker  is  obliged  to  make  holes  in  trees 
to  procure  food,  fo  is  it'alfo  to  make  cavities  flail  larger 
io  form  its  neft  and  today 'in.  This  is  performed,*  as 
ufual.with  the  bill.  He  chufes  for  this  purpofe,  trees 
that  are  decayed,  - or  wood  that,  is  foft,  like  beech,  elm 
and  poplar.  In  thefe,  with  very  little  trouble,  it  can 
make  holes  as  exactly  round  as  a mathematician  could 
with  compafles.  -One  of  thefe  holes  the  bird  generally 
chufes  for  its  own  ufe,  to  neftle,  and  bring  upCits  young 
in  : but  as  they  are  eafiiy  made,  -it  is  delicate  in  its 
choice,  and  often,  makes  twenty,  before  one  gives  en- 
tire fatisfaclion. 

In  our  . climate  wood-peckers  are  contented  with  a 
wainfcot  habitation  for  ilieir  young  ; but  in  Guinea  and 
.Brazil,  they  take  a very  different  method.  A traveller 
who  walks  into  the  forefts  of  thefe  countries,  among 
the  firft  ftrange.  obje<3s,  is  ftnick  with  the  multitude  of 
bird  nefts  hanging  • at  the  extremity  of  almoft  every 
branch.  Many  other  kinds  of  birds  build  in  this  man- 
ner, but  the  chief  of  them  are  of  the  wood-peckhr 
kind.  ; ! 

In  cultivated  countries  a great  part  of.  the . caution 
of  the  feathered  tribe  is  to  hide  their  nefts  from  the  in- 
vafion  of  man.  But  in  the  depths  ofthofe  refnote  and 
folitary  forefts,  the>  little  bird  having  nothing  to  ap- 
prehend from  - man,  is  carelefs  how  mueh  the  -neft  is 
expofed  to  general  notice Satisfied  if  it  be  out  of  the 
reach  of  thofe  rapacious  creatures  that  live  by  robbery, 

. and.  furprife.  If  the  monkey  or: the  fnake  can  be 
guarded  agarnft,  the  bird  has  ho  other"  enemies  to  fear  : 
for  this  purpofe,  its  neft  is  built  upon  the.  depending 
points  of  the  moil  outward  branches  of  a tall  tree. 
On  one  of  thofe  immenfe  trees,  is  feyn  the  moft  various 
aflemblage  of  , creatures  that  can  be  imagined.  The 
top  is  inhabited  by  mookies  of  fome  peculiar  tribe, 
that  drive  off  all  others  } lower  down  twine  about  the 
trunk  numbers  of  ftakes,  waiting  till  i fame  unwary 
animal  comes  within  their  reach,  and  at  the  edges  of 
the  tree  hang  thefe  artificial  nefts, ; inhabited  by  birds 
of  the  moft  delightful  phimage. . 

The  nefts  are  ufually  formed  in  this  manner  : :when 
the  time  of  incubation  approaches,  they  fly  beautifully 
about,  in  queft  .of  a kind'  pf;  mofs,;iCaUediiby  the 
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English,  old  man’s  beard.  It  is  a fibrous  fubftance/ 
not  unlike  hair,  which  bears  being  moulded  into  any 
form.  This  the  little  wood-pfecker  firft  glues  by  fome 
vifcous  fubftance,  to  the;  extreme  branch  of  a tree. ; 
then  building  downward,  a neft  is  formed,  that  de-' 
fcendsj  like  a poueh,  ;from  the- point  of  the  branch  : 
the  hole  to  enter  at,  is  on  the  fide  ; and  all  the  interior1 
parts  are/linecL  with  the  finer  parts  of  the  fameiub- 
ftance,  j which  compofe  the  whole. 

Such  is  the  general  contrivance  of  thefe  hanging; 
nefts ; made'  by  fome  other  birds,  with  ftill  fuperior  % 
art.  A little  bird4n  the  Philippine  Iflands,  makes  its 
neft  in  luch  a manner  that  thefe  is  no  opening  but  from 
the  bottom.  At  the  bottom  the  bird  enters,  and  goes 
up  through  *a  funnel,  dike  a chimney*  till  it  comes*  to 
the  real- door -of ' the  neft,  which  lies  on  one  fide.  ^ 
r Some  birds  glue  their  nefts  xo,  the  leaf  of  theba*: 

* nana-tree,  which  makes  -two  fides  of  their  little  habi- 

tation ; while'  the  other  two  are  artificially  compofed 
by  their  own  induftry.  But  thefe  and;  all  of  the  kind* 
are  built  with- the  fame  precautions,,  to- guard  their 
young- againp.  the;  depredations- of  monkies  and  fer- 
pents.  The  neft  hangs;  there,  before  the  fpofters,  a 
tempting , object,  which  they  can  only  gaze  upon* 
while  the  bird  goes  in -and  out  without  danger  and 
moleftation.-  f ] 
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The  bird  of  pafadife  appears  to  be  as  large  as  a 
pigeon,  though  in  reality  not  much  greater  than  a 
thrufh;  The  tail  is  about  fix  inches  long,  the  wings 
are  large,  compared  with  the  bird’s  rother  dimenfions* 
The  head,  the  throat  and  the  neck  are  of  a pale  gold 
colour.  The  bafe  of  the  bill  is  furrounded  by  black 
feathers,  ;as  alfo  the  fide  of  the  head  and  throat,  as  foft 
as  velvet,  and  changeable  like  thofe  on -the  neck  of  a 
mallard*  The  hinder  part  of  the  head  is  of  a fliining 
green,  mixed  with  gold.  The;  body  and  wings- are 
chiefly  covered  with  brown,  purple  and  gold  feathers. 
The  uppermoft  part  of  the  tail-feathers  are  ©f  a pale 
yellow,  and  thole  under  them  white  and  longer  than 
tfoe  former ; for  which  reafon  the  hinder  part  of  thetail 
appears  td  be  all  white.  But  what  chiefly  excites  cu- 
nofity». are,  two  long  naked  feathers,  which  fpring 
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from  the  upper  part  of  the  ramp  above  the  tail,  and 
are  ufually  about  three-  feet  long;  Thefe  are  bearded 
•nlyat  the  beginning  andtheend,  the  whole  (haft)  for 
above  two  feet  nine  inches,  being  of  a deep  black,  the 
feathered  extremity  of  a changeable  colour.  ■ 

This  bird  is  a native  of  the  Molucca  Iflands.  There, 
in  the  delightful  and  fpicy  woods,  do  thefe  beautiful 
•features  fly  in  large  flocks  ; fo  that  the  groves  which 
produce  the  richeft  fpices,  produce  the  fined  birds 
alio.  They  are  called  by  fome,  the  fwallows  of  Ter- 
. sate;  from  their  rapid  flight,  Mid  from  their  being  con- 
tinually upon  the  wing,  in  purfuit  of  infefts,  their 
ttfual  prey. 

The*  American  mock- bird,  does  not  vie  with  the 
feathered  inhabitants  of  that  country  in  the  beauty  of 
Ins  plumage.  It  is  a plain  bird  about  the  fize  of  a 
thrufli,  of  a white  and  grey  colour,  and  a reddifh  bill. 
It  is  pelfefled  not  only  of  its  own  natural' notes,  which 
are  mufical  and  folemn,  bat  can  affume-  the  tone  of 
every  other  animal  in  the  wood;  from  the  wolf  to  the 
raven.  It  feems  even  to  fport  itfelf  in  leading  them 
aft  ray.  It  will  at  one  time  aHure  the  lefl'er  birds  with 
the  call  of  their  males,  and  terrify  them  when  they 
tome  near  with  the  fcreams  of  the  eagle.  There  is  no 
bird  in  the  foreft,  but  it  can  mimic  ; and  there  is  none 
that  it  has  not  at  times  deceived  by  its  call.  But  it  is 
foreft  to  pleafe,  when  it  is  moft  itfelf. 

At  thofe  times  it?  frequents  the  houfes  of  the  Ame* 
#ican  planters  ; and  fitting  all  night  on  the  chimney- 
tOp,  pours  forth  the  fweeteft  and-  the  moft  various  notes 
«f  any  bird  whatever. 

The  crane,  is  above  three  feet  from  the  tip  of  the 
beak  to  the  tail,  and  four  feet  from  the  head  to  the 
ttoe.  It  is  a tall;  flender  bird1,  with-  a long  neck  and 
fortg-  ttegs;  The  top  of  the  head  is  covered  with  black 
lwiftles,  and  the  back  of  it  is  Bald  and  red,  which  fuffi* 
eiently  diftkigirifites  this  bird  from  the  ftork,  to  which 
k is  very  nearly  allied  in  fize  and  figure. 

Cranes  were  formerly  known  m this  ifland,  and  held 
ifc  great  eftitaa-tibn  for  Ac  delicacy  of  their  flefir:  there 
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was  even  a ‘penalty  upon  fuch  as  deftroyec?  their  flags' 
but  at  prefent,  they  never  go  far  out  of  their  way. 

Cultivation  and  populoufnefs  go  hand  in  hand  ; and- 
though  our  fields  may  offer  them  a greater  plenty,  yet  ■ 
they,  find  the  venture  greater  tlianr  the  enjoyment ; and 
we  are  better  off  by  their  abfence  than  their  company.  * 

The  crane  fpends  the  autumn  in  Europe  ; then  flies 
off  to  ifome  more  fouthern  climate  y returns  to  Europe 
in  fpring  y erodes  - up  to  the  north  in  fummer  ; vilits-' 
thofe  lakes  that  are  never  dryj-and  then  comes  down 
again  to  Italy  in  autumn. 

In  thefe  joumies  it  is  amazing  to  conceive  the 
heighths  to ' which  they  afeend.  Their  note  is  the' 
joudeft  of  all*  birds  and  that  is  often  beard  in  the 
clouds,  when  the  bird  itfelf  is  entirely  unfeen.  But 
though  uhfeen  themfelves,  they  have  the  diftindl  vifion 
©f  every  objedt  below.  They  govern  and  diredltheuf 
fight  by  their  cries  y and  exhort  each;  other  to  proceed 
dr  defeend,  - when  a' fit  opportunity  offers. 

Their  loud,  clangorous  found  is,  when  near,  alnjoft 
deafening  s'-  however,  it  is  particularly  ferviceable  to* 
the  animal  itfelf,  either*  during  its  migrations  or  Hay  y 
by  it  the  flock  is  encouraged  in  their  journies  y and  if 
while  they  are  feeding,  which  is  performed  in  profound' 
filence,  they  are  invaded  on  any  fide,  the  bird  tfiatfirff 
pSercei ves  k founds  the  alarm,  and  all  are1  fpeedily  upon 
Shewing.- 

The  ftorfc  alfo  is  a bird  of  paflage,  and  goes  away 
toward  winter  to  the  fouthern  countries.  It  has  a very 
tdng  beak,  and  long,  fed  legs.  It ' fe$ds  on  ferpents, 
frogs,  and  infers.  As  it  feeks  for  thefe  in  watry 
places,  nature  has  provided  it  with  long  legs.  And  as 
it  flies 'to  the  neft  with  its  prey,  its  bill  is  ftrong  and 
jagged,  tb  hold  fall  what  it  has  taken.-  She  likewife 
digs  with  heff  bHHnto  the  earth  for  fnakes  or  adders*’ 
which  Ihe  carries  to  her 'young,-  I&oft  ©f  her  feathers 
ate  whit®.  She  lays  but  four  eggs,  and  fits  fojr  thirty 
days.  * ' _ ; - 

But  what  renders  this  bird  moll  remarkable  is,  its 
fieady  love  to  its  parents.  It  never  forfakes  them  wheijr 
they  are  old,  but  tenderly  feeds  and"  defends  them*  a# 
long  as  they  live* 

The 
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The  following  adventure  of  a tame  ftork  fome  years 
ago  in  the  Univerfity  of  Tubingen  feems  to  fhew  a de- 
cree of  underftanding,  which  one  would  fcarce  exped 
in  the  brute  creation.  This  bird  lived  quietly  in  the 
court-yard,  till  Count  Vidor  Gra^nitz,  then  a ftu- 
dent  there,  fhot  at  a {fork’s  heft,  adjacent  to  the  col- 
lege, and  probably  wounded  the  ftork  then  in  it.  This 
happened  in  autumn,  when  foreign  ftorks  ufually  leave 
Germany.  The  next  fpring  a ftork  was  obferved  on 
the  roof  of  the  college,  which  after  a time  came  down 
to  the  upper  gallery,  the  next  day  fomething  lower, 
and  at  la  ft,  by  degrees  quite  into  the  court.  The 
tame  ftork  went  to  meet  him  with  a foft  cheerful  note, 
when  the  other  fell  upon  him  with  the  utmoft  fury. 
The  fpedators  drove  him  away  ; but  he  came,  again 
the  next  day,  and  during  the  whole  fummer,  there. 
Were  continual  fkirmifhes  between  them.  The  fpring 
following,  inftead  of  one  ftork,  came  four,  and  at- 
tacked him  all  at  once.  A furprifing  event  followed. 
All  the  turkies,  ducks  and  geefe,  that  were  brought  up 
in  the  court  ran  together,  and  formed  a kind  of  ram- 
part round  him,  againft  fo  unequal  a combat.  This 
. fecured  him  for  the  prefent.  But  in  the  beginning  of 
the  third  fpring,  about  twenty  ftorks  fuddenly  alighted 
in  the  court,  and  before  the  poor  {fork’s,  life-guards' 
could  form  themfelves,  or  the  people  come  to  his  affift- 
ance,  they  left  him  dead  on  the  fpot ; which  none  could 
impute  to  any  thing  but  the  (hot  fired  by  Count  Vidor 
at  the  ftrange  ftork’s  neft. 

* The  pelican  fomewhat  refembles  a fwan.  The  body 
is  as  large,  the  neck  nearly  as  long,  the  legs  are  fhort, 
and  the  feet  are  black,  broad  and  webbed  in  the  fame 
manner.  It  is  alfo  of  a whitifh  colour,  only  the  tips 
of  fome  of  his  feathers  are  black.  It  is  much  in  the 
waters.  It  has  a molt  horrid  voice,  like  that  of  a man 
grievoufly  lamenting. 

; , Its  beak  is  above  a foot  in  length,  and  (he  point  is 
very  (harp.  The  upper  part  is  formed  as  in  Other 
birds  but  the  lower  is  unlike  every  thing  in  nature. 
It  is  made  of  two  long' flat  ribs,  with  a tough  mem* 
brane  connected  to  one  and  the  other.  This  reaches 
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alfo  to  the  throat*,  and  is  very  broad-aud  Ioofe,  fa.h;£, 
it  can  contain  a vaft  quantity  of  provifions. 

Its  eyes  are  very  fmall ; there  is  a fadnefs  in  it's* 
Countenance  ; and  its1  whole  air  is  melancholy.  They 
are  torpid  and  inactive  to  the  laft  degree,  fo  that  no-' 
thing  can  exceed  their  indolence,  but  their  gluttony  ; 
it  is  only  from  hunger  that  they  labour ; otherwife’ 
they  would  continue  in  a fixed  repofe.  'When  they 
have  raffed  thenrfelves  thirty  or  forty  feet  above  the 
fea,  they' turn  their  Head  with  one  eye  db  WnWatds,  and 
continue  to  fly  in  that  pofture.  As  foon  as  they  per- 
ceive a fifli  near  the  furface,  they  dart  upon  it  with  the 
fwiftnefs  of  an  arrow,  feize  it  with** unerring  certainty; 
and  ftore  it  up  in  their  pouch.  They  then  rife  again*, 
and  continue  hovering  and  filhing*  with  their  head  oil 
one  fide  as  before;  , , 

This  worh  they  continue  till  their- bag'is  full;  and 
then  fly  to  land  to  devour  and  digeft  it. , This  they  arb' 
hot  long  performing  ; for  towards  night  they  have 
another- hungry  call ; and' they  again  reluctantly  g& 
to  labour.  At  night  fifhmg  is  over,- and  they  retire  a 
little  way  from  the  fliore  ; and  though  with  the  webbed* 

* feet  and  clumfy~  figure  of  a goofeV  they  will  be  con- 
tented to  perch  no  where  but  upon"  trees  among  the 
light  and  airy  tenants  of  the  foreft.  There  they  re-- 
pofe  for  the  night  ( and  often  fperrd  grear  part  of  thd' 
dayr  fitting  in  difmal  folemnity,  as  it  were  half  afleep: 
Their  attitude  is,  with  the  head  retting  upon' their 
breaflf.  There  they  remain  without  motion  till  the* 
calls  of  hunger  break  their  repofe. 

The  fame  indolence  attends  them,  even  in  prepare 
ing  for  incubation,  and  defending  their  young.  Th6' 
female  makes  no  preparation  for  the  nett,  nor  feems* 
to  chufe  any  place  to  lay  in  ;v:  but  drops  her  eggs  od  ' 
the  bare  ground  to  the  number  of  five  or  fix  ; and-  ? 
there  continues  to  hatch  them.  Without  any  de-  * 
fire  of  defending  her  eggs  or  her  young,*  fhe  tamely  ? 
fits,  and’ fuffers  them  to  be  taken  from  under  her.-^ 
Nowr  and  then  fhe  juft  ventures  to  peck  or  to  cry  out 
when  a perfon  offers  to  beir  her  off.  She  feeds  her  * 
young  with  fifli  macerated  in  her  bag  : and  when  they 
cry,  flies- 'off  for  a new  fupply.  o . : 
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They  arc  but  difagreeable  and  ufelefs  domeftics 
their  gluttony  can  fcarcely  be  fatisfied  ; their  flefli 
fmells  very  rancid,  and  taftes  a thoufand  times  worfe 
than  it  fmells.  The  native  Americans  kilt  vaft  num- 
bers ; not  to  eat,  for  they  are  not  fit  even  for  the  ban- 
quet of  a favage  j but  to  convert  their  large  bags  into 
purfes  and  tobacco-pouches.  They  beftow  no  final! 
pains  in  dreffing  it  with  fait  and  a flies,  rubbing  it  well 
•with  oil,  and  then  forming  it  to  their  pUrpofe.  It 
thus  becomes  fo  to  ft  and  pliant,  that  the  Spanifh  wo- 
men fometimes  adorn  it  with  gold  and  emhroidery~to 
make  work-bags  of. 

Yet  with  all  the  hebetude  of  this  bird,  it  is  not  en- 
tirely incapable  of  inUruAion’  The  emperor  Maximi- 
lian had  a tame  pelican  which  lived  for  above  eighty 
years;  and  always  attended  his  army  on  the  march. 

N * V I.  m • ■ f ’ * * •.  m 

The  albatrofs  is  one  of  the  largeft  and  mod  formi- 
dable birds  of  Africa  and  America.  It  is  as  large  as 
a goofe,  of  a brown  colour,  and  is  one  of  the  mod 
fierce  of  the  aquatic  tribe,  not  only  living  upon  fifh, 
but  alfo  fuch  fmall  water- fowl  as  it  can  take  by  fur- 
prife.  It  preys,  as  all  the  gull-kind  do,  upon  the 
wing  ; and  chiefly  purfues  the  flying-fifh.  Thefe  are 
every  moment  rifing  to  efcape  from  their  purluers  of 
the  deep,  only  to  encounter  equal  dangers  in  the  air. 
Juft  as  they  rife,  the  dolphin  is  feen  to  dart  after  them, 
but  generally  in  vain.  The  gull  has  more  fuccefs, 
and  often  takes  them  at  their  rife,  while  the  albatrofs 
purfues  the  gull,  fo  that  the  whole  horizon  prefents 
but  one  living  pidture  of  rapacity  and  evalion. 

But  though  this  bird  be  one  of  the  tyrants  of  the 
deep,  there  are  fome  aflociations  Which  even  tyrants 
form,  either  by  caprice,  or  neceffity.  The  albatrofs 
jbas  a peculiar  affediion  for  the  penguin.  They  chufe 
the  fame  places  for  breeding  ; fome  diftant,  uninha- 
bited ifland,  where  the  ground  flants  to  the  fea,  as  the 
penguin  is  not  formed  either  For  flying  or  climbing.-— 
In  filch  places  their  nefts  are  feen  together,  as  if  they 
Hood  in  need  of  mutual  affiftance.  Our  men  upon 
Falkland  iftands,  were  often  amazed  at  the  union  pre- 
ferved  between  thofe  birds.  In  that  bleak  and  defolate 
fpot,  wheie  they  no  way  dreaded  the  encroachments  of 
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men, .they  feemed  to  make  their  abode  as  comfortablff 
as  they  expected  it  to  be  lafting.  They  built  with  aft' 
amazing  degree  of  uniformity ; their  nefts  covering 
fields  by  thoufands,  and  refembling  a regular  planta- 
tation.  In  the  middle,  on  high,  the  albatrofs  railed  its 
neft,  built- of^  heath,  fticks,and  longgrafs,  about  two 
feet  above  the  furface ; round  this  the  penguins  mad? 
their  lower  fettlements,  rather  in  holes  in  the  grounds* 
and  mod  ufijally  eight  penguins  to  one  albatrofer 
i .Nothing  is  a ftronger  proof  that  the  prefence  of 
man,  not  only  deftroys  the  fociety  of  meaner  animals,  - 
but  their  inftipdh  alfo.  Thefe  nefts  are  now  totally  de* 
ftreyed  ; the  fociety  is  broke  up,  and  the  albatrofs  and - 
penguins  have  gone  to  breed  upon  more-  defert  feores,-- 
in  greater  fecurity. 


The  fwan  is  as  delicate  in  its  appetite,  as  elegant  ig 
its  form.  Its  chief  food  -:  is  corn,  bread,  herbs  grow- 
ing in  the  water,  and  roots  and  feeds,  whichare  found 
near  the  margin.  It  prepares  a neft  in  forae  retired' 
- part  of  the  bank,  and  chiefly  where  there  feaniflet  in’ 
the  ftream.  This  is  compofed  of  water-plants,  long 
grafs,  and  flicks ; and  the  male  and  female  affift  m- 
forming  it  with  great  affidutty.  The  fwan  lay«fevenot 
eight  eggs,-  white,  much  larger  titan  thefe  of  a goofe. 
It  fits  near  two  months  before  its  young  are  excluded,- 
which  are  alh-color.ed  for  feme  months.  It  is  dan-' 


gerous  to  approach  the  old  ones,  when  their  little  fa-' 
mily  is  feeding  round  them.  They  foon  take  the 
alarm,,  and  they  fometimesgive  a blow  with  their  pi*' 
nion,  that  breaks  a man’s  leg  or  araa.  . ' 

It  is  not  till  they  are  a- twelvemonth  old,  that- the 
young  fwans  change  their  colour  with  their  plumage^ 
All  theftages  ef  this  bird’s  approach  to  maturity  are 
flow;  and'  mark  its  longevity.  A, goofe  has  bee* 
known  to  live  a hundred  years,  and  the  fwan  is  fug- 
pofe  to  live  ftill  longer. 


The  goofer  in  its  domeftic  ftate,  exhibits  a variety 
of  colours.  The  wild  goofe  always  retains  ;the  fame 
marks  ; the  whole  upper  part  is  afli-colouted  ; 
breaft  and  belly  are  of  a dirty  white  ; the  bill-  is  nar- 
row at  the  bafe,  and  at  the  tip  it  ia  black,  ..t  Thefe 
marks  are  feldom  found  in  the  tame  ; whofe  bill  is"  en- 
tirely 
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tlrely  red,  and  whofe  legs  are  entirely  “brown.  The 
wild  goofe  is  rather  lefs  than  the  tame  ; but  both  in- 
variably retain  a white  ring  round  the  tail,  which 
fhews  that  they  are  both  defcended  from  the  fame  ori- 


ginal. 


The  wild  goofe  breeds  in  the  northern  parts  of  Eu- 
rope; and  in  the  beginning  of  winter,  defcends  into 
more  temperate  regions*  They  are  often  feen  flying 
at  very  great  heights,  in  flocks  from  fifty  to  a hundred. 
Their  cry  is  frequently  heard,  when  they  are  at  an 
imperceptible  diftance  above  us  ; and  this  feems  hand- 
ed from  one  to  the  other,  as  among  hounds  in  the 
purfuit. 

Upon  their  coming  to  the  ground  by  day,  they 
range  themfeJves  in  a line,  and  feem  rather  to  defcend 
for  reft  than  refrefhment.  When  they  have  fat  in  this 
manner  for  an  hour  or  two,  one  of  them,  with  a loud. 


long  note,  founds  a kind  of  charge,  to  which  the 
reft  attend,  and  purfue  their  journey  with  renewed 
-alacrity. 

' The  wild  goofe  feldom  lays  above  eight  eggs ; the 
tame  goofe  often  above  twenty.  The  female  hatches 
her  eggs  with  great  afliduity  ; while  the  gander  vifits 
her  twice  or  thrice  a day,  and  fometimes  drives  her 
off  to  take  her  place,  where  he  fits  with  great  ftate 
and  compofure.  ' . * 

But  beyond  that  of  all  animals  is  his  pride  when 
the  young  are  excluded  : he  feems  then  to  confider 
himfelf  as  a champion  ; he  purfues  dogs  and  men  that 
never  attempt  to  moleft  him  ; and,  though  the  moft 
harmlefs  thing  alive,  is  then  the  moft  petulant  and 
provoking*  When,  in  this  manner,  he  has  purfued 
the  calf  or  the  maffiff,  to  whofe  contempt  alone  he 
is  indebted  for  fafety,  he  returns  to  his  female  and 
her  brood  in  triumph,  clapping  his  wings,  fa-earn- 
ing, and  fhowing  all  the  marks  of  confcious  fuperio- 
/ rity. 

■ > ' * I 

- ‘ * - - . • ' 1 1 

' The  Soland-goofe,  fomewhat  lefs  than  a land-goofe, 
is  white1:  only  the  tips  of  its  wings  are  black,  and  the 
top  of  the 'head  yellow.  The  bill  is  long,  and  fo  fharp- 
pointed,  that  it  pierces  an  inch  deep  into  a board,  when 
they  ftoop  at  hlh  which  are  laid  thereon.  This  is  one 


way 
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way  of  catching  them.  When  they  fleep,  they  put 
their  head  under  their  wings  :*  but  one  keeps  watch.— 
If  that  be  furprifed  by  the  fowler,  which  frequently 
happens,  all  the  reft  are  eafily  caught  by  the  neck  one 
after  another.  But  if  the  fentinel  cries  and  gives  them 
warning,  the  whole  flock  efcapes.  When  they  fifh  for 
herrings,  which  come  in  fhoals,  they  fly  near  fixty 
yards  high,  and  ftoop  perpendicularly.  But  when 
they  aim  at  a Angle  fife,  they  defcend  aflant. 

There  is  always  one  tribe  among  them  which  is  bar- 
ren : thefe  keep  together,  and  never  mix  with  them 
that  build  and  hatch.  (Is  it  not  probable,  that  thefe 
are  the  males,  like  the  drones  among  the  .bees  ?)  The 
Soland  geefe  come  to  the  Weftern  Ifles  in  Scotland  in 
March,  taking  the  advantage  of  a fouth-weft  wind. — - 
They  fend  a few  before  them  who*  make  a tour  round 
the  ifles,  and  then  return  to  their  company.  In  a few 
days  after,  the  whole  flock  comes  together,  and  ftays 
till  September.  All  this  time  they  are  daily  making 
up  their  nefts  in  the  fhelves  of  high  rocks.  They  fifh, 
hatch  and  make  their  nefts  \>y  turns.  In  order  to  this 
they  amafs  together,  not  only  heaps  of  grafs,  but 
whatever  elfe  they  find  floating,  on  the  water.  In  a 
neft  on  St.  Kilda,  was  found  a foldiei's  red  coat,  and 
fome  Molucca  beans  in  another. 

They  are  thought  the  fliarpeft  fighted  of  all  fea- 
fowls.  They  have  a large  gorget,  fomewhat  like  a 
pelican,  in  which  one  of  them  will  preferve  five  or  fix 
herrings  entire,  and  carry  them  to  her  neft,  where 
they  empty  them  out,  for  food  to  their  young.  Nay, 
they  have  been  obferved  to  go  a fifeing,  to  fome  ifles 
which  are  thirty  leagues  diftant,  and  bring  the  fife  in 
their  gorget  all  that  way. 

In  the  ifle  of  Rona,  (one  of  the.  Scotch  Weftern 
ifles)  there  are  a couple  of  eagles,  which  the  natives 
fay,  not  only  drive  away  their  young  as  foon  as  they 
are  able  to  fly;  but  keep  pofleffion  of  the  ifl^nd, 
not  fuffering  any  of  their  kind  to  live  their  but  tbeiu- 
felves. 

There  aTe?  alfo  a couple  of  ravens  in  this  ifland, 
which  beat  away  all  ravenous  fowls.  And  when 
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their  own  young  **  able  to  fly,  they  beat  them  away* 
Ukewife. 

i v.* 

That  which- in  Iceland  they  call  the  down-bird,  is 
very  remarkable.  It  is  a fpecies  of  duck,  but  covered' 
■with  fine,  foft,  downy  feathers.  The  drake  is  full  as- 
large  as  a goofe,  but  the  duck  confiderably  fmaller.— 
They  abound  all  over  Iceland,  but  particularly  the- 
weftem  part,  on  account  of  the  inlands  off  the  coaftr 
where  chiefly  they  build  their  nefts.  They  btiild  them 
With  the  down  they  pull  from  their  breaft.  They  lay 
four  green  eggs,  as  large  as  a goofe’s.  The  inhabitants* 
then  take  away  both  the  eggs  and  the  nefh  The  ducks 
go  to  work  again,  pull  more  down  from  their  breads* 
and  lay  four  eggs  more,  which  are  again  taken  away 
by  the  inhabitants.  This  does  not  however  difcourage- 
the  duck.  She  builds-  a third  neft,  and  lays  four  more- 
eggs : but  the  drake  is  now  obliged  to  fupply  the 
down,  the  duck  having  none  left.  They  now  let  her 
hatch  her  young  : for  if  they  difturb  her  a third  time,- 
Ihe  builds  no  more  that  year,  nor  ever  returns  to  the 
lame  place.  When  the  young  have  left  the  neft,  they 
take  it  a third  time,  and  fo  have  two  lets  of  eggs,  and 
three  parcels  ef  down  from  the  fame  neft. 

, « 

* The  bat  feems  a medium  between  bird  and  beaft.— — 
But  it  eemes  nearer  to  the  latter.  They  lay  them- 
felves  up  and  fleep  for  the  winter-months,  in  the  dryeft 
parts  of  caves.  There  fixing  their  talons  in  the  roof, 
they  cover  their  bodies  with  their  wings,  and  hang 
perpendicularly  in  great  numbers,  but  fo  as  not  to 
touch  each  other. 

ft 

Who  can  account  for  another  matter  of  faff  which 
is  particularly  obferved  on  the  Weftem  Iflands  ? Thf 
Weftem  Ocean  throws  up  on  their  fhores,  great  quan- 
tities of  weather-beaten  timber,  on  which  hang  mul- 
titudes of  little  fhells,  fattened  to  one  another,  much 
as  mufcle-fhells  are.  .In  every  one  of  thefe  fhells  is  a 
perfedt  fowl : the  little  bill  is  like  that  of  a goofe  ; the 
eye  marked ; the  head,  neck,  breaft,  wings,  tail  and 
leet  formed.  The  feathers  are  perfectly  fhaped,  and 
of  a blaekifh  colour,  and  the  feet  like  thofe  of  other 
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water-fowl : but  we  cannot  hear  of  any  perfon  that 
iver  faw  any  of  them  alive. 

Now  as  bats  are  a kind  of  medium  between  bead# 
and  birds, -are  not  barnacles  a kind  of  medium  between 
birds  and  filhes  ? 

"O  . ' ^ . 

I will  conclude  this?  account  of  birds,  with  one  that 
ferns  to  unite  in  itfelf  fomewhat  of  every  clals  pre* 
ceding.  It  is  at  once  poflfefled  of  appetites' for  prey 
like  the  rapacious  kinds,  and  an  attachment  to  water 
like  the  birds  of  that  element.  It  exhibits  in  its  form 
the  beautiful  plumage  of  the  peacock,  the  lhadings  of 
the  humming-bird,  the  bill  of  the  crane,  and  the  fhort 
legs  of  the  fwallow.  The  bird  I mean  is  the  king- 
filher.  It  is  not  much  larger  than  a fwallow ; its 
fhape  is  clumfy  ; the  legs  very  fmall,  and  the  bill  very 
long ; it  is  two  inches  from  the  bafe  to  the  tip  ; but 
the  colours  of  this  bird  atone  for  its  inelegant  form.— - 
The  crowtl  of  the  head  and  the  edges  of  the  wings  are 
of  a deep  blaekilh  green,  fpotted  with  bright  azure  ; 
the  back  and  tail  are  of  the  moft  refplendent  azure  $ 
the  whole  under-fide  of  the  body  is  "orange-coloured : 
a broad  mark  of  the  fame  paffes  from  the  bill  beyond 
the  eyes  ; beyond  that  is  a large  white  fpot ; the  tail 
is  lhort,  and  confifts  of  twelve  feathers  of  a rich,  deep 
blue ; the  feet  are  of  a reddilh  yellow. 

\ - , '*  ’ - . „ * ■ * " 

From  the  diminutive  fixe,  and  the  beautiful  colours 
of  this  bird,  no  perfon  would  be  led  to  fuppofe  it  fb 
rapacious  an  animal.  It  is  ever  on  the  wing,  and  feeds 
on  fift,  which -it  takes  in  furprifing  quantities,  ba- 
lancing itfelf  at  a certain  dtftance  above  the  water  for 
a confiderable  fpace,  then  darting  down  and  feizing 
the  filh  with  inevitable  certainty. 

The  king-fifher,  with  which  We  are  acquainted,  has 
none  of  thofe  fuppofed  powers  of  allaying  the  ftorm, 
or  building  upon  the  waves.  It  is  contented  to  make 
Its  nefts  on  banks  oF  rivers,  in  fuch  fituatiofis  as  not  to 
be  affe&ed  by  the  riling  of  the  itreara.  When  it  has 
found;  a place  for  its  purpofe,  it  hollows  out  with  its 
bill  a hole  about  a yard  deep.  Or  if  it  find  the  de- 
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ierted  hole  of  a rat,  it  takes  quiet  pofleflion.  ; This  hole 
it  enlarges  at  the  bottom,  and  lining  it  with  the  down 
of  the  willow,  lays  its  eggs  there  without  any  further 
, preparation,  ■ . t 

• r ' \ 1 •%*>/•  * f \ 

The  female  begins  to  lay  early  in  the  feafon,  and 
excludes  her  fir  ft  brood  about  the  beginning  of  April— 
The  male  brings  her  large  provifions  of  fifh,  while  (he 
is  thus  employed  > and  fire,  contrary  to  moft  other 
birds,  is  found  fat  at  the  feafon  of  hatching. 

> . 

9.  I have  now  only  to  add  a?  few  reflexions-. 

And,  1.  That  birds  fhould  all  lay  eggs,  and  riot 
bring  forth  live  young,  is  a clear  argument  of  Divine 
Providence,  designing  their  prelervation  thereby.— 
For  if  they  had  been  viviparous,  had  they  brought 
any  number  at  a time,  the  burden  of  their  womb  muft 
have  been  lo  great  and  heavy,  that  their  wings  would 
have  failed,  and  they  become  an  eafy  prey  to  their 
enemies.  And  had  they  borne  but  one  at  a time,  they 
would  have  been  bearing  all  the  year. 

2.  Since  it  would  have  been  many  ways  inconve- 
nient to  birds  to  give  fuck  ; and  yet  inconvenient,  if 
not  deftruXive,  to  the  new-born  chick,  to  pafs  fuddenly 
from  liquid  to  hard  food,  before  the  ftomach  was 
ftrengthened  and  able  to  digeft  it,  and  before  the  bird 
was  accuftomed  toufe  its  bill ; and  gather  it  up,  which 
it  does  at  firft  very  flowly  and  imperfeXly : therefore 
nature  has  provided  in  every  egg  a large  yolk,  which 
ferves  the  chicken  a confiderable  time  inftead  of  milk. 
Mean  time  it  feeds  by  the  mouth  a little  at  a time,  and 
that  more  and  more,  till  the  ftomach  is  ftrengthened 
to  digeft  it. 

3.  Birds  that  feed  their  young  in.  the  neft,  though 
they  bring  but  one  morfel  at  a time,  and  have  per- 
haps feven  or  eight,  which  all  at  once,  with  equal 
greedinefs,  hold  up  their  heads,  and  gape  for  it ; yet 
never  miftake,  never  omit  one,  but  feed  them  all  by 
turns- 

4.  Though 
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5 4.  Though  birds  cannot  number^  yet  they  are'  able 
to  diftinguifh  many  from  few.>  And  when  they  have 
laid  as  many  eggs  as  they  can  cover,  they  give  over, 
and  begin  to  fit.  Yet  they  are  not  determined  to  fuck 
a number  : they  can  go  on  and  lay  more  at  their  plea- 
fure.  Hens,  for  in  fiance^  if  you  let  their  eggs  alone, 
lay  fourteen  or  fifteen,  and  give  over.  But  if  you 
withdraw  their  eggs  daily,  they  will  go  on,  to  lay  five 
times  that  number  This  holds  not  only  in  domeftic 
birds,  but  alfo  in  the  wild.  ; A fwallow,  when  her 
eggs  were  withdrawn  daily,  proceeded  , to  lay  .nine- 
teen. 

* * v*  . . . /.  % , # > - - .... 

: 5.  It  is  remarkable,*  that  birds,  and  fuch  other 
oviparous  creatures*  as  are  long-lived,  have  eggs 
enough  conceived  in  them- at  firft,  to  ferve  laying  for 
many  years,,  allowing  fuch  a proportion  for  every 
year,  as  will  fuffice  for  one  or  two  incubations.— 
Whereas  infe&s,  which  are  to  breed  but  once,  lay  all 
their  eggs  at  once,  be  they  ever  fo  many. 

6.  How  exceeding  fpeedy  is  the  growth  of  birds 
that  are  fed  by  the  old  ones  in  the  neft  ! Moll  of  them 
come  to  near  the  full  bignefs,  within  the  fiiort  term  of 
a fortnight ; an  admirable  provifion,  that  they  may 
not  lie  long  in  that  helplefs  condition,  expofed  to  the 
ravine  of  any  vermin,  and  utterly  unable  to  ftiift  for 
themfelves. 

v 7.  What  amazing  care  do  the  parents  take,  for  the 
hatching  and  rearing  of  their  young  ? Firft,  they  feek 
out  a fecret  and  quiet  place,  where  they  may  be  undis- 
turbed in  their  incubation.  Then  they  make  their 
nefts,  every  one  after  his  kind,,  that  their  eggs  and 
young  may  be  foft  and  warm  : and  thofe  fo  elegant 
and  artificial,  as  no  art  of  man  can  imitate. 

After  they  have  laid  their  eggs,  how  diligently  do 
they  fit  upon  them,  fcarce  giving  themfelves  time  to 
go  off,  to  get  them  meat  ? When  the  young  are  hatch- 
ed, how  diligently  do  they . brood  over  them,  left  the 
cold  ftiould  hurt  them  ? . All  the  while  labouring  hard 
to  get  them  food,  and  almoft  ftarving  themfelves,  left 
they  ftiould  want.  Moreover,  with  wrhat  courage  are, 

they 
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they  infprred*  feat  to  venture  their  ownlives  In  Ae- 
fence  of  them  ? The  mofe  timorous,  ashen&and  geefe; 
daring  then  even  to  fly  in  the  face  of  a man*  And  alf 
thefe  pains  are  beftowed  upon  thofe  that  will  render1 
them  no  thaftfes  for  it  I And  they  are  beftowed  juft  for 
long  as  is  neceftary.  For  when  the  young  is  able  to 
fibift  for  if  felf,  the  old  retains:  no  fneh  affefiion  for  it* 
hut  will  beat  it  mdijSferently  with  others?.  : 

8.  It  is  another  proof,  of  a fuperintending  ProvW 
dence,  that  all  animals  are  produced  at  the  moft  con*' 
Venient  time  of  the  year,  juft  when  there  is  food  and 
entertainment  ready  for  them.  So  lambs,  kids,  and' 
many  other  living  creatures,  are  brought  into  the  world- 
i»  the  fpring*  when  tender  grafs  and'  nutritive  plants 

. provided  for  theirfood.v  The  like  may  be  obferv* 

ed  concerning  lilk-worms,  whofe  eggs  are  hatched  juft* 
when  the  leaves  of  the  mulberry-tree  appear  ;^the  ali- 
ment being  foft  and  tender,  while  the  worms  them*** 
lelves  are  fo,  and  growing  more  ftrong  and  fubftantial,  ' 
as  the  infers  increafe  in  bulk  and  vigouf. 

i.A*  i i - . I • i - , < 

9. *  A (till  farther  proof  hereof  we  have  m the  van^ 

v Ous  inftinfts  of  animals,  directed  to  ends  which  they 

know  not,  as,  1.  All  creatures  know  how  to  defend ; 
themfelves,  and  offend  their  enemies.’  All  know  what 
their  natural weapons  are,  and' how  to  make  ufe  of 
them.*  A boar'  knows  the  ufe  of  his  tufks,  a horfe  off 
his  hoofs,  a cock  of  hisfpurs,  a bee  of"  her  fting, — - 
Yea  a calf  wilt  make  a pufh  with  be  head*  even  be- 
. fore  any  horns  appear.  2*  Thofe  creatures  which  have 
_ not  ftrength  to  fight,  are  ufually  fwift  of  foot  or  wing^ 
and  are  naturally  inclined  to  make  ufe  of  that  fwift-r  • 
nefir,  and  fave  themfelves  by  flight.  5.  Every  cresu 
tore  knows  and  lhuns  its  neural  enemy,  as  a lambr 
does  the  wolf*  and  partridge  or  poultry,  birds  of  prey* 
And  they  make  ufe  of  a peculiar  note,  to  warn  their 
young  of  their  approach,  who  thereupon  immediately 
pun  to  fhelter.  As  foon  as  ever  it  is  brought  forth** 
every  animal  knows  its  food.  Such  as  are  nourifhed 
withmilk,  immediately  find  their  way  to  the  paps* 
and  feck  : whereas  thofe  which  are  defigned  for  other 
TOurSOament,  never  make  anyfuch  attempt.  5.  Birds 
' • - that 
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tlfatare  fin-toed, - or  whole-footed,  are  naturally  dl*> 
refled  to  go  into  the  water.  So  ducklings,  though 
latched  and  led  by  a hen,  if  fhe  bring  them  to  the' 

: brink  of  a river  or  pond,  prefently  leave  her  and  go  inr 
though  they  never  faw  any  fuch  thing  before and- 
though  the  hen  clucks  and  calls,  and  does  all  fhe.  can  to* 
keep  them  out.  6*  Birds  of  the  fame'  kinds-  make 
their  nefts  of  the  fame  materials,  laid  in  the  fame  or* 
cfer,  and  exactly  of  the  fame  figure,  fo  that  by  the 
fight  of  the  neft  one  may  certainly  know  what  bird  it 
belongs  to.  And  this,  though  living  in  diftant  coun- 
tries, and  though  they  never  faw  any  neft  made ; that 
iS>  although  they  were  taken  out  of  the  neft,  and 
brought  up  by  hand.  Nor  were' any  of  the  fame  kind* 
ever  known  to  make  a different  neft,  either  for  matter 
©r  fafhion  : unlefs  where  the  ufual  matter  was  not  to- 
be  had  :•  in  that  cafe,-fome  birds  ufe  what  they  can 
get.  ; * 

I would  add-  a little  farther  improvement  of  fome 
particulars  mentioned  before.. 

''  \ " i . : *•-*  -v 

What  matter  has  taught  birds,  that  they  have  any 
need  of  nefts  ? Who  has  warned'  them,  to  prepare 
them  in  time,,  and  not  to  fuffer  themfelves  to  be  pre- 
vented by  neceffity  ? Who  hath  fhewn  them  how  to- 
build  ? What  mathematician  has  given  the  figure  of 
them  ? What  archkeft  has  taught  them  to  chufe  a 
firm  place,  and  to  build  a folid  foundation  ? What 
tender  mother  has  advifed  them  to  cover  the  bottom 
with  a foft  and  delicate  fubftance,  fuch  as  cotton  or 
down,  and  when  thefe  fail,  who  has  fuggefted  to  them 
that  ingenious  charity,  to  pluck  off  as  many  feathers 
. from  their  own  breaft,  as- will  prepare  a loft  cradle  fop 
their  young  ? 

Again.  What  wifdom  has  pointed  out  to  each  kind 
a peculiar  manner  of  building  ? Who  has  commanded 
die  fwallow,  to  mftance  in  one,  to  draw  near  to  man, 
and  make  choice  of  his  honfe  for  the  building  her  neftr 
within  his  view,  without  fear  of  his  knowing  it,  but  • 
feeming  rather  to  invite  him  to  a cottfideration  of  her 
labour?  Nor  does  fte  build  like  other  birds,  with  bits 
. ' of 
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*£•  fticks,  and  ftubbte,  but  employs*  cement  and*  mov* 

• tan  arid  that  in  fa  firm  a manner,  that  it  requires 
feme  pains  to  demolift  her  work.-,  And  yet  in  all  this, 
it  has  no  other  inftrument  to  make  ufe  of  but  a little 

beak.  M 

< Yet  again.  Who  has  made  the  birds  comprehend  * 
that  they  mu  ft  hatch  their  eggs  by  fitting  upon  them. 
That  this  neceffity  is  indifpenfible : that  the  father  and- 
N'  mother  <fould*  nqt  leave  them  at  the  lame  time  ; and 
that  if  one  went  abroad  to  -feek  for  food^.  the  others 
•mu ft  wait  till  it  returns  ? Who  has  told  them  the  pre- 
oiie  number  of  days  this  painful  diligence  is  to  coft 
Who  has  taught  them  to  affift  the  young?  in  coming : 

Out  of  the  egg,' by  breaking  the  Ihell  for  them*?  Yea, 4 s 
and  advertifed  them  of  the  very  moment,  before  which- 
they  never  come  ? 

. '*  r * ">  j ^ \ j r f 

Who  has  taught  fevera]  of  the  birds  that  marvellous 
induftry,  of  retaining  food  and  water  in  their  gullet, 
without  fwallowing- either,' aird  preferving  them  for 
their  young,  to  whom  this,  preparation ferves  inftead  o£r 
milk  ? 

3 l - i ? j ' r 

Is  it  for  the-  birds,  O Lord,  who  have -no  knowledge- 
tjiereof,  that  thou  haft  joined  together  fo  many  mira- 
cles ? Js  it  for  the  men  who  give  no  attention  to  them  ?*  ^ 

. Is  it  for  thole  who  admire  them,  without  think iiig  of^  .. 
'Thee?  Rather  is >. it  not  thy  delign,  by  all  thefe^  won .v# 
ders  to  call  us  to  thyfelf  ? To  make  *us  fenfible  ot  thy; 
wifdom,  and  fill  us  wifch  confidence  in  thy  bounty-,  who-j 
watcheft  fo  carefully  over  thofe  inconfiderable  crea- 
tures, two  of  which  u aro  fold  for  a farthing  ?” 


•.  Butpafs  we  from  the  induftry ^of  birds,  to  hearken 
for  a moment  to  their  mufic  : the  firft  fong  of  thanks- 
giving which  was  offered  on  earth  before  man  was* 
formed.  Alb  their  founds  are  different,  but  all  har- 
monious,, and  altogether,  compofe.  a choir  which  we 
cannot  imitate.  One  y§ice  however  more  ftrong\and- 
melodious  I diftinguifh  above  the  reft..  On  inquiry  I 
find  it  comes  from  a very  fmall  bird.  This  le^ds*  me 
to  confider  the  reft  of  the  linging  birds.  They  like- 
wife  are  alHmall  1*  the  great  ones  having,  a harfh  and 
t ""  :•  difagreeable 
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difagreeable  voice.  Such  an  amends  is  made -to  thefe 
:weak,  little  creatures,,  for  their  defedt  of  ftrength? 

f ^ J ♦ V - it.  *J  . /;  * ; ^ 

Some  of  thefe  little  birds  are.  extremely  beautiful, 
•nor  can,  any  thing  be  more  rich  or  variegated  than  their 
-feathers.  ;B„ut  it  muft  jbe  owned,  that  all  ornament 
mull  give  place  to  the  finery  of  the,  peacock ; upon 
which  God  has  plentifully  beftowed  all  the  riches  which 
Jet  off  the  reft,  and  layiftied  upon  it  with  gold  and 
.azure,'  all  the  {hades  of  every  other  colour.  This  bird 
deems  fenfible  of  its  advantage,  and  looks  as  ,if,,it..de- 
-hgoedto  difplay  all  its  beauties  to  our  eyes,  when  it 
..ftalks  along,  and  expands  that-fplendid  circumference, 
which  fets  them  all  in  open, view,  , , 

.f  But  this- pompous  bird  has  of  all  others-that  are  kept 
;tame,  the  mod  difagreeable  cry,  and  is  a proof,  that  , 
there  may  be  a Aiming  .outfide,  when  there  is  little 

ffubftance  withip, 

- * * ‘ 

In  examining  the  feathers  of  the  reft,  I . find  one 
;niore  circumftance  very  obfervable.  That  feathers 
of  fwans  and  other  water  fowl,  are  proof  againft  the 
-water.  .And  accordingly  they  continue  dry,  though 
_ the  creature  fwims  or  dives  ever  fo  long.  And  yet 
-neither  our,  eyes,  nor  all  our  art  can  difeover,  wherein 

- they  differ  from  others,  . ■ 

„ T know  not  how  to  conclude  this  chapter,  .without 
. adding  a few  more  refledtions. 

AU  the,  tmiverfe  is  replen^hed  with  life  j and  every 
part,  of  it,  with  its  proper  animals.  But  would  one 
expedt  fo  fee  them  in  the  air  ? Nothing  feeras  more  na- 
tural to  our  eyes ; but  nothing  is  more  aftonilhing  .to 
our  reafpp.  .The  fadt  is  certain,  and  yet  might  feem 

- to  be  altogether  impoffible.  A bird  in  flight,  is  a mafs 
.railed  aloft,  in  fpite  of  the  .gravity  of  air,  and  the 
.tendency  of  alL  bodies  to, the  earth.  This  mafs  is 

raifed  not  by  any  foreign  ’force,  but  by  a movement 
fuited  to  the  purpofe  of  the  creature,  and  which  fuf- 
tains  it  in  ,thc  air,  for  a confulerable  time,  with  a 
peaceful  vigour.  ■ 

Again. 
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- Again.  In  tie  wholekingdom  of  birds,  none  have 
.more  than  two  wings,  and1  yet  they  all  fly  in  a different 
manner.  Some  launch  away  by  repeated  fprings; 
Others  glide  through  -the  air  with  an  even  -motion. 
•Thefe  always  fkim  over  theearth thofe  foar  up  to  the 
clouds.  Some  know  how  to  diverfify  their  flight,  by 
a ftrait,  oblique,  or- circular  motion  : to  fufpend  their 
^bodies,  and  continue  motionlefs  in  an  element  lighter 
ihan  themfelves  : after  this,  to  ftart  into  a horizon  tdl 
motion,  and  then  dart  either  to  the  right  nr  left,  wheel 
Snto  a contrary  traft,  remount,  and  then  precipitate 
"themfelves  like  .a  descending  ft  one:  in  a word,  they 
ttranfpost  ^themfelves,  without  oppofition  or  hazard, 
wherever  their  neceffities  or  pleafures  call  them. 

The  ftrufture  of  their  nefts,  the  care  with  which 
they  attend  their  eggs,  the  mechanifm  of  the  egg  itfelf, 
and  the  birth  and  education  <jf  their  young,  are  equally 
aftonifhing.  See  the  perfedl  fimilitude  that  appears  iii 
all  the  nefts  of  birds  of  the  fame  fpecies,  theconftant 
difference  between  the  nefts  of  one  fpecies  and  ano- 
ther ! Together  with  the  neatnefs  and  precaution  Which 
dll  of  diem  obferve.  One  fpecies  builds  its  neft  on  the 
lop  of  trees  ; another  on  the  ground,  under  a canopy 
-of  grafs ; but  always  -with  a fhelrer,  -either  of  herbs, 
<t>r  a br'anch,  or  a double  Yoof  of  teaves,  down  which 

I . the  rain  Aides,  without  entering  the  opening,  which 

lies  concealed  below.  The  outward  part  of  the  neft  is 
made  of  folid  materials,  thorns,  reeds,  clay,  or  com- 
pact mofs  ; the  inner  of  fofter  Aiateriak  clofely  inter- 
woven, fo  as  to  keep  out  both  winds  and  infeCts.  But 
each  fpecies  has  a pecUliar  tafte.  When  the  building 
ts  completed  feme  hang  the  infide  with  a tapeftry  of 

leathers,  or  quilt  it  with  wool  or  filk. 

1 * % • » , * . , ' " r • / '* 
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How  admirably  does  this  difplay  the  wifdom  of  Him 
■ -who  furniSied  man  with  reafon,  which  extends  to  every 
-thing  around  him,  and  inspired  animals  with  an  imi- 
‘tation  of  it,  limited  indeed  to  a few  points,  but  ad- 
mirable in  that  limitation  :?  For  who  informed  the  bird, 
' that  flie  fhould  lay  eggs,  and  want  a neft  to  lodge  and 
- “ndurifh  them  with  genial  heat  ? That  this  heat  would 


| 


not  be  concentered  round  the  eggs,  irthe  neit  were  too 
•'  large  I 
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large?  md  that  were-it  fmaller,  it  would  not  he. capa- 
ble of  containing  all  the  young  ? Who  has  taught  her 
.not  to  mif-calculate  the  time,  or  lay  her  eggs  before 
ihe  has  completed  her  neft  ? 

. ^ 4 1 v?  1 • - # 4 * » 

The  fame  wifdom  will  morefally  appear,  if  we  ob« 
ferve  what  the  egg  contains,  with  the  manner  how  the 
-ycmngis  there  formed,  and  howit  iflues  from  its  con- 
finement. 

The  yolk  lies  in  the  heart  of  the  egg,  inclofed  in  the 
mejnbrane,  which  is  furrounded  by  the  fecond. 
iNear  the  centre  of  the  egg  are  the  ligaments  that  'fufc 
min  the  yolk,  which  4s  contained  in  a peculiar  mem- 
brane. A fecond  ’membrane  inclofesthe  firft  white  ; 

. a -third  and  . fourth  encompalfes  the  whole.  The  {belles 
formed  laft  of  all,  out  of  !fhefalts  evacuated  from  all 
the  humours  Of  the  body,  which  the  heat  gradually 
fixes  and  confolidales,  jto  ferve  a double  purpofe,  firft 
that  it  may  be  excluded  without  crufhing  the  contents^ 
iecondly  -to  defend  their  yroung,  till  it  is  thoroughly 
formed,  and  ready  to’forfalce  the  egg. 

Under  the  membrane  Which  ferroundstheyolk,  >ts  a 
white  fpeck,  which  is  the  feed  of  the  chick,  in  minia- 
-ture.  If  the  fmalleft  portion  of  the  vital  fpirit  be  .in- 
fufed  into  it  from  the  maile,  by  a procefs  of  which  we 
have  no  idea,  in  the  inflant  the  chick  receives  life,  and 
the  whole  fubftancte  is  in  motion*  If  it  is  not  infilled, 
the  egg  may  indeed  be  laid,  but  4t  -never  comes  to  a 
living  .creature. 

The  pulfation  of  the  heart  bears  feme  analogy  to  the 
pendulum  of  a clock,  from  whofe  vibrations  the  whole 
machine  derives  all  its  motions.  The  moment  the 
heart  begins  to  beat,  the  animal  is  alive,  and  receives 
by  the  umhilic  dutf,  the  nourifhment  which  it  tranf- 
mits  to  the  other  veflels,  whofe  branches  di  [tribute  it 
to  the  whole  body.  All  thofe  little  canals,  which  were 
fiat  before,  are  now  fwelled  arid  enlarged.  ‘The  whole 
fubftance  imbibes  a proper  aliment,  and  the  chick  be- 
gins to  grow. 

- In  this  fituation  of  the  fpeck  out  of  which  it  is 
formed,  one  circumftance  is  highly  remarkable.  .This 

4s  -lodged  -m  the  film 'that  in- 
; V -eludes 
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eludes  the  yolk -is  always  near  the  centre  of  the  egg, 
and  toward  the  body  of  the  dam,  in  order  to  be  im- 
pregnated with  a neceflary  warmth  But  in  how  ad- 
mirable a manner  is  this  effected?  The  yolk  is  fuf- 
tained  by  two  ligaments,  which  fatten  it  on  each  fide 
to  .the,  common  membrane,  that  is  glued  on  the  fhell. 
A line  drawn  from  one  ligament  to  the  other,  would 
not  pafs  through  the  middle  of  the  yolk,  but  above  the 
centre,  and  cut  the  yolk  in  two  unequal  parts,  fo  that 
the  fmaller  part  which  contains  the  feed,  is  of  neceffity 
raifed  towards,  the  belly  of  birds  that  fit : the  other 
part  as  neceflarily  fubfides,  fo  that  let  the  egg  turn  as 
jt  will,  the  young  receives  no  hurt,  but  ttill  enjoys  a 
warmth  that  puts,  all  about  it  in  motion.  So  it  feeds 
at  eafe,  firft  on  the  white,  which  is  more  thin  and  de- 
licate, and  afterwards  omthe  yolk*  which  affords  more 
fubttantial  nourUhment.  .When  his  bill  is  hardened, 
and  he  grows  uneafy  at  Ids  confinement,  he  pecks  and 
breaks  the  fhell,  and  dttues  out  fully  repleniftied  with 
the  yolk,-  which  nourifhes  him  a little  longer,  till  he  is 
ftrohg  enough  to  raife  himfelf  upon  his  feet,  and  can 
march  about  to  iook  for  provifions. 
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CHAP.  III. 
.Of,  FI  S H E S, 


1.  The  Number  of  Fifhes.  4 

2.  Their  Covering. 

3.  Their  Brain. 

‘ 4.  Organs  of  Senfe  t 

5.  Gills,  or  Lungs  s , 

6.  Heart  s ' 

' *7.  Air-Bladder :.»• 

8.  ’Stomach  ; ‘ 

9.  Fins  s !, 

10.  Experiments  on  Ftfh.  ■ 

11.  Of  SheU-Fifh. 

1 2.  Of  the  Generation  of  Fifhes. 

13  .Of  fame  particular  Sorts  of  Fifhes, 
14.  General  RefeXions. 


THE  ocean  is  the  great,  receptacle  of  fifhes.  It 
has  been  thought  by  fome,  that  all  fifties  are 

naturally 
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naturally  of  the  fait  element,'  and  that  they  hare 
mounted  up  into  frefh  water,  by  fome  accidental  mi- 
grations. A few  ftill  fwim  up  rivers  to  depofit  their 
fpawn : but  the  great  body  of  fifties,  of  which  the 
fize  is  enormous,  and  the  fhoals  endlefs,  keep  to  the 
fea,  and  would  expire  in  frefh  water.  In  that  exten- 
five  and  undifcovered  abode,  millions  refide,  whole 
manners  are  a fecret  to  us,  and  whofe  very  form  is  un- 
known. The  curiofity  of  mankind,  indeed,  has  drawn 
fome  from  their  depths,  and  his  wants  many  more. 
With  the  figure  of  thefe  at  leaft  he  is  acquainted  : but 
for  their  purfuits,  focieties,  antipathies,  pleafures, 
times  of  geftation,  and  manner  of  bringing  forth, 
thefe  all  are  hidden  in  the  turbulent  element  that  pro- 
tects them.  - 

V.'  - "*  t . . - • 

1.  The  number  of-fifh  to  which  we  have  given 
names,  and  of  the  figure,  at  leaft,  of  which  we  know 
fomething,  are  above  four  hundred.  Thus  to  appear- 
ance the  hiftory  of  fifh  is  tolerably  copious ; but  when 
we  come  to  examine,  it  will  be  found  the  greateft  part 
of  thefe  we  know  very  little  of. 

2.  As  moft  animals  that  live  upon  land  have  a co- 
vering to  keep  off  the  injuries  of  the  weather,  fo  all 
that  live  in  the  water,  are  covered  with  a flimy,  glu- 
tinous matter,  that,  like  a (heath,  defends  their  bodies 
from  the  furrounding  fluid.  This  fubftance,  fecreted 
from  the  pores  of  the  animal’s  body,  ferves  not  only 
to  defend,  but  to  aflift  the  fifh’s  eafy  progrefs  through 
the  water.  Beneath  this,  in  many  kinds,  is  found  a 
llrong  covering  of  fcales,  that,  like  a coat  of  mail,  de- 
fends it  ftill  more  powerfully  j and  under  that,  before 
we  come  to  the  mufcular  parts  of  the  body,  an  oily 
fubftance,  which  fupplies  the  requifite  warmth  and 
vigour. 

3.  It  is  obfervable  in  all,  that  though  their  heads 
are  much  larger  in  proportion  to  their  bodies,  yet  their 
brain  is  confiderably  lefs  than  that  of  other  animals. 
It  confifts  of  only  two  fmall  ventricles,  placed  in  the 
fore-part  of  the  head.  ‘ 
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4.  Their  organs  of  fenfe  do  not  much  differ  from 
thofe  of  jother  animals.  But  in  their  eyes  thi^  is  pe- 
culiar, that  they  are  quite  fpherical,  and  that  the  optic 
nerves,  in  coming  from  the  brain,  crofs  each  other : 
whereas  in  other  animals  thfey  incline  a little  to  each 
other,  but  do  not  meet.  A protuberant  eye  would 
have  been  inconvenient  for  fifties,  by  hindering  their 
motion  in  fo  denfe  a medium.  And  their  continually 
bruthing  through  the  water,  would  have  been  apt  to 
wear  their  eyes.  Therefore  their  cornea  is  flat.  But 
to  make  amends  for  this,  and  for  the  refra&ion  of 
water,  different  from  that  of  air,  the  wife  Creator  has 
made  their  cryftalline  fpherical,  which  in  other  ani- 
mals is  more  flat.  It  was  formerly  believed,  they  did 
not  hear  at  all.  But  from  later  experiments,  there  is 
reafon  to  brieve,  that  feveral  fpecies  of  them  do  hear, 
though  but*  m a low  degree.  Over  the  two  holes  in 
their  head  which  ferve  for  fmelling,  a fine  membrane 
is  fpread,  by  which  means  they  can  open  and  fhut  them 
at  pleafure  ; a contrivance  highly  neceflary  for  crea- 
tures that  live  in  the  water.  H 


The  fenfe  of  fmelling  which  in  beafls  is  fo  exquifite, 
and  among  birds  is  not  wholly^unknown,  feems  given 
to  fifties  in  a very  moderate  proportion.  It  is  true,  that 
all  fifties  have  one  or  more  noftrils,  and  even  thofe  that 
have  not  the  holes  perceptible  without,  yet  have  the ' 
proper  formation  of  the  bones  for  fmelling  within. 
But  as  air  is  the  only  medium  we  know,  for  the  diftri- 
bution  of  odours,  it  cannot  be  fuppofed  that  thefe  ani- 
mals refiding  in  water,  can  be  pofleiTed  of  any  power 
of  being  affe&ed  by  them.  If  they  have  any  percep- 
tion of  fmells,  it  muft  be  in  the  fame  manner  as  we 
diftinguifti  by  our  tafte  ; and  it  is  probable,  the  olfac- 
tory membrane  in  fifties,  ferve  them  inftead  of  a dif- 
tinguiftiing  palate:  by  this  they  judge,  of  fubftances, 
that  firft  tin&uring  the  water  with  their  vapours,  are 
thus  fent  to  the  noftrils  of  the  fifti*  and  no  doubt  pro- 
duce fome  kind  of  fenfation.  This  mod  probably 
muft  be  the  ufe  of  that  organ  in  thofe  animals ; as 
otherwife  there  would  be  the  inftrument  of  a fenfe 
provided  for  them,  without  any  power  in  them  of 
enjoyment. 
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*»  Hearing  in  fifties  is  found  ftill  more  imperfect,  if  it 
be  found  at  alL  Certain  it  is,  that  anatomifts  have 
not  been  able  to  difcover,  except  in  the  whale-kind, 
the  fmalleft  traces  of  an  organ  of  hearing,  either  within 
or  without  the  head,  "indeed,  of  what  advantage/ 
would  this  fenfe  be  to  animals  that  are  incapable  of 
making  tliemfelves  heard  ? They  have  no  voice  to  com- 
municate with  each  other,  and  confequently  have  no 
need  of  .an  organ  for  hearing. 

- .*  * • 4-  * 

Seeing  feems  to  be  the  fenfe  which  fifhes  are  pof- 
fefled  of  in  the  greatefl  degree.  And  yet  even  this  is 
obfcure,  if  wq  compare  it  to  that  of  other  animals; 
The  eye,  in  almoft  all  fifti,  is  covered  with  ttie  fame  * 
tranfparent  fkin  that  covers  the  reft  of  the  head : and 
which  probably  ferves  to  defend  it  from  the  water,  as* 

' they  are  without  eye-lids.  The  globe  of  the  eye  is 
depreffed  before,  and 5 is  furniftied  behind  with  a muf- 
cle,  which  ferves  to  lengthen  or  flatten  it,  according  to 
the  neceflities  of  the  animal.  The  cryftalline  humour, 
which  in  beSlts  is  flat,  and  of  the  fhape  of  a button 
mould,  in  fifties  is  as  round  as  a pea;  or  fometimes 
oblong,  like  an  egg.  " . 

From  all  this,  it  appears,  that  fifties  are  extremely 
near-fighted ; and  that,  even  in  the  water,  they  can 
fee  obje&s  only  at  a verjnhnall  diftance. 

Thus  nature  feems  to  have  fitted  thefe  animals  with 
appetites  and  powers  of  an  inferior  kind ; and  forrtied 
them  for  a fort  of  paflive  exiftence  in  the  obfcure  and 
heavy  element  to  which  they  are  configned : to  pre-  ' 
ferve  their  own  exiftence,  and  to  continue  it  to  their 
pofterity,  fill  up  the  whole  circle  of  their  purfuits  and 
enjoyments. 


5.  Some  fifties  have  lungs.  But  in  the  greater  part 
the  place  of  them  is  fupplied  by  gills.  As  we  take  in 
and  throw  out  the  air  by  our  lungs,  fo  they  take  in  the 
air,  mixt  with  the  water,  by  their  mouth,  and  throw 
it  out  by  their  gills. 

There  is  always  much  air  enclofed  in  water.  This 
the  gills  feparate  from  it,  and  prefent  to  the  blood,  as 
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it  Is  prefented  in,  the  lungs  of  other  animals.  Ea^t 
gill  contains  a great  number  of  bony  laminae,,  confid- 
ing, of  an  infinity  ^>f  bony  fibres,  th^t  fuftain  the  in- 
numerable ramifications  of  the  veins  and  arteries., 
which  prefent  the  blood  extremely  fub-divided,  and  as 
k were,  each  globule*  by  itfelf  to  the  water : between 
the  laminae,  through  the  whole  contexture  of  the  gills, 
are  an  infinity  of  very  narrow  p adages,  which  receive 
and  divide  the  water  taken  in  by  the  mouth,  into  mi- 
nute particles.  Then  the  air,  its  prifon-doors  being  in 
fome  meafure  opened,  efcapes  and  joins  the  blood  of 
ajl  the  little  arteries 

The  gills  have  an  alternate  motion  of  dilation  and 
compreffion.  When  they  dilate,  the  water  is  taken 
in;  when  they  contra#,  it  is  driven  out.  ,It  feems 
tfiat  in  the  ipftant  of  contra&ion,  the  air  expreft  from 
the  water  js  forced  into  the  blood-veffels.  It  is  the 
fame,  as  to  our  lungs.  ,The  air  enters  them  at  the 
time  of  infpiration,  but  is  received  into  the  blood  at 
the  time  of  expiration  only.  So  that  the  water  which 
is  taken  in  by  the  mouth  of  fifties,  when*  ftript  of  its 
air,  is  carried  off  by  the  gills.  Mean  time  the  air 
which  is  thus  gained  is  diftributed  firft  to  thofe  fine 
ramifications  of  the  arteries,  which  are  expanded  upop 
the  gill  throughout,  and,  then , to  the  veins  inofculated 
therewith.  And  fifties  can  no  more  live  /without  a 
conftant  fupply  of  this,  than. land  animals  can. 

The  gills  in  all  fifties  are  eight,  four  on  each  fide. 
The  lower  gill  is  always  fmaller , than  4he  reft.  The 
other  three  on  each  fide  are  gradually  larger  to  the  top 
one,  v^hich  is  . always  the  largeft.  Each  of  thefe  is 
formed  >of  a bony  fubftance,  bent  into  the  fhape  either 
of  a femjcircje  or  a bow.  On  the  convex  fide  of  this, 
there  is  ,a  fort  of  plumes  or  leaves,  each  of  which  con- 
fifts  of  a double  row  of  bony  lamella,  formed  like  fo 
many  Tickles,  and  fixed  to  the  convex  fide  of  the.  bow 
by  nr^eans  of  the  membrane  wherewith  it  ^covered. 
Thefe  lamella  have  one  part  convex,  and  the  other 
tve.  The  concave  part  of  each  lamella  is  applied 
the  convex  part  of  the  next  oppofite  lamella.  Every 
lamella  is  inverted  with  a fine  membrane,  which  re- 
ceives the  ramifications  of  the  blood-veffels.  "Every 
gill  has  an  artery,  a vein,  and  a nerve.  Xhe  g^s  re* 
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tfeive  the  blood  which  is  thrown  from  the  he&rt  into  the  * 
aorta,  and  derive  it  to  the  utmoft  parts  of  the  lamella* 
from  whence  it  returns^ by  veins  which  diftribute  it 
throughout  the  body.- 

6.  In  nioft  fifties  the  heart  is  like  that  in  other  anfr 
ifials.  But  in  feme  it  has  only  one  ventricle  ? which 
neceflarily  occafions  a difference  in  the  manner  wherein* 
the  blood  circulates.  In  fome  alfo  the  blood  is  nbt  red* 
but  clear  and  tranfparent;  In  others,  efpecially  fhell- 
fifti,  befides  the  arteries  and  veins,  there  are  open 
tubes,  which  convey  the  water  to  the  fartheft  part  of 
them;  probaby  that  they  may  find  no  want  of  watery 
when  they  continue  fome  time  on  fhore.- 

7.  The  air-bladder  is  defcribed  as  a bag  filled  with 
Uir,  fometimes  compofed  of  one,  fometimes  of  two, 
and  fometimes  of  three  diviiions,  fituated  towards  tire 
back  of  the  fifii,  and  opening  into  * the  maw  or  the 
gullet.  It  is  commonly  fuppofed,  by  its  fwelfing  at 
the  wall  of  the  animal,  to  increafe  the  furface  of  the 
fifths  body,  and  fo  to  enable  it  to  rife' to  the  top  of  the 
Water,  and  keep  there  at  pleafure.  On  the  contrary; 
When  the  fifti  wants  to  defcend,  it  is  fuppofed  to  empty 
this  bladder  of  its'air,-and  fo  fink  to  the  bottom.- 

But  many  fifhes  have  an  air-bladder,'  that  continue 
ally  crawl  at  the  bottom  ; fuch  as  the  eel  and  the 
flounder  :-and  many  more  are  entirely  without  it,  that 
fwim  in  every  depth  ; fuch  as  the  anchovy  and  the 
frefh-water  gudgeon.  Indeed;- the  number  of  fifhes* 
that  want  this  organ  is  alone  a fufficient  proof  that  it 
is  not  neceffary  for  the  purpofes  of  fwimming ; and 
the  ventral  fins,  which  in  all  fifties  lie  fiat  upon  the 
water,  are  fully  fufficient  to  keep  them  at  all  depths* 
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8.  The  ftbmacH  is  in  general,  placed  next  the 
mouth,  and  though  not  fenfibly  hot,  is  endued  with 
a furprifing  faculty  of  digeftion.  Its  digeftive  power 
feems  in  fome  meafure  to  increafe  writh  the  quantity  of 
food  it  is  fupplied  with  ; a lingle  pike  having  been 
known  tb  devour  a hundred  roaches  in  three  days.  Its 
faculties  alfo  are  as  extraordinary,  for  it  digefts  not 
@nly  loft  6%  but  prawns,  crabs  and  lobfters,  ftiell^ 

and 


( 246  ) 

and  all.  Thefe  the  cod  or  the  fturgeon  will  not  only 
devour,  but  diflolve,  though  their  {hells  are  fo  much 
harder  than  the  Tides  of  the  flomach  which  contains 
them.  This  amazing  faculty  in  the  cold  ftomach  of 
fifhes  has  juftly  excited  the  curiofity  of  philofophers  $ 
and  has  effe&ually  overturned  the  fyftem  of  thofe  who 
. fuppofe  the  heat  of  the  ftomach  is  alone  a fuflicient 
inftrument  for  digeftiom  The  truth  feems  to  be,  that 
there  is  a power  of  animal  aflimulation  lodged  in  the 
ftomach  of  all  creatures,  which  , we  can  neither  de- 
fcribe  nor  define,  converting  the. fubftances  theyfwal- 
low'  into  a fluid,  fitted  for  their  own  peculiar  fupport. 
This  is  done  neither  by  trituration,  nor  by  warmth,  nor 
by  motion,  nor  by  a diflolving  fluid  ; but  by  fome  , 
principle  yet  unknown,  which  a<5ts  in  a different  man- 
ner from  all  kinds  of  artificial  maceration. 
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\ Yet  though  .fifti  are  thus  .hungry,  and  for  ever 
prowling,  no  animals  can  fuffer  the  want  of  food  for 
fo  long  a time.  The  gold  and  filver  fifti  which  we 
keep  in  vafes,  feem  never  to  want  any  nourifhment  at 
all ; whether  it  be  that  they  feed  on  the  water-infe&s, 
too  minute  for  our  obfervation,  or  that  water  alone  is 
a fufficient  fupply.  Even  the  pike,  the  moft  voracious 
of  fifties,  will  live  in  a pond  where  there  is  none  but 
himfelf,  and  what  is  more  extraordinary,  will  be  often 
found  to  thrive  there. 

Air  however  is  fo  neceflary  to  all  fifti,  that  they  can 
live  but  a few  minutes  without  it  2 yet  nothing  is  more 
difficult  to  be  accounted  for,  than  the  manner  in  which 
they  obtain  this  neceflary  fupply.  Thofe  who  have 
feen  a fifti  in  the  water,  muft  remember  the  motion  of 
its  lips  and  its  gills,  or  at  leaft  of  the  bones  on  each 
fide  that  cover  them.  This  motion  in  the  animal  is 
without  doubt,  analogous  to  our  breathing,  bjut  it  is 
not  air,  but  water,  that  the  fifti  actually  takes  in  and 
throws  out  through  the  gills  at  every  motion. 

The  manner  of  ^its  breathing  feems  to  be  this.  The 
fifti  firft  takes  a quantity  of  water  by  the  mouth,  which 
is  driven  to  the  gills,  thefe  clofe  and  keep  the  water  fo 
fwallowed  from  returning  by  the  mouth,  while  the 
bony  covering  of  the  gills  prevents  it  from  going 
through  them,  until  the  animal  has  drawn  the  proper 
quantity  of  air  from  the  body  of  water  thus  im- 
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prifoned : then  the  bony  covers  open  and  give  it  a free 
paffage ; by  which  means  alfo  the  gills  again  are 
opened*  and  admit  a frefh  quantity  of  water.  Should 
the  fifh  be  prevented  from  the  free  play  of  its  gills,  or 
fhould  the  bony  covers  be  kept  from  moving,  by  a 
firing  tied-round  them,  the  animal  would  foon  fall  into 
convulfions,  and  die  in  a few  minutes. 

' 9.  The  chief  inftrument  in  a fifti’s  motion  are  the 
fins,  which  in  feme  are  much  more  numerous  than  in 
others.  A fifh  completely  fitted  for  failing  is  furnifhed 
with  two  pair  ; alfo  three  fingle  fins,  two  above  and 
one  below.  Thus  equipped  it  migrates  with  the  ut- 
moft  rapidity,  and  takes  voyages  of  a thoufand leagues 
in  a feafbn.  But  fuch  fifh  as  have  the  greateft  number 
of  fins  have  not  always  the  fwifteft  motion.  The  fhark 
is  one  of  the  fwifteft  fwimmers,  yet  it  wants  the  ven- 
tral fins  ; the  haddock  does  not  mov.e  fo  fwift,  though 
it  has  them. 

. The  fins  not  only  affift  the  animal  in  progrefllon,  but 
in  rifing  or  finking,  in  turning,  or  even  leaping  out  of 
the  water.  To  anfwer  thefe  purpofes,  the  pedoral  fins 
ferve  like  oars,  to  pufh  the  anjmal  forward.  They 
are  placed  behind  the  opening  of  the  gills ; they  are 
generally  large  and  ftrong,  and  anfwer  the  fame  pur- 
pofes to  the  fifh  as  wings  do  to  a bird.  Thofe  alfo  ba- 
lance the  fifties  head,  when  it  is  too  large  for  the  body, 
and  keep  it  from  tumbling  prone  to  the  bottom,  as  is 
feen  in  large  headed  fifties,  when  the  pedoral  fins  are 
cut  off.  Next  thefe  are  the  ventral  fins,  placed  under 
the  belly.  Thefe  are  always  feen  to  lie  flat  on  the  wa- 
ter, in  whatever  fituation  the  fifh  may  be  ; and  they 
ferve  rather  to  raife  or  deprefs  the  fifh,  than  to  aflift  its 
progreffive  motion.  The  dorfal  fin  is  fituate  along 
the  ridge  of  the  back ; and  ferves  tv  keep  it  in  equi- 
librio.  In  many  fifties  this  is  wanting ; but  in  all  flat 
fifties  it  is  very  large,  as  the  pedoral  fins  are  propor- 
tionably  fmall.  Laftly,  the  tail,  which  in  fome  fifties 
is  flat,  and  upright  in  others,  feems  the  grand  inftru- 
ment of  motion  ; the  fins  are  all  fubfervient  to  it,  and 
give  diredion  to  its  impetus,  by  which  the  fifh  darts 
forward  with  fo  much  velocity.  To  explain  all  this, 
by  experiment,  a carp  is  taken,  and  put  into  a large 
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reffel.  The  fifti,  in  a ftate  of  repofe,  fpreads  all  its 
fins,  and  feems  to  reft  upon  its  pedtoral  and  ventral  fins 
near  the  bottom  : if  the  fifh  folds  up  either  of  its  pec- 
toral fins,  it  inclines  to  the  lame  fide  ; folding  the 
right  pedloral  fin,  the  fifti  inclines  to  the  right  fide  ; 
folding  the  left  fin,  it  inclines  to  that  fide.  When  the 
fifh  defires  to  have  a retrogade  motion,  ftriking  with 
the  pedtoral  fins,  in  a contrary  direction  produces  it. 
If  the  fifti  defires  to  turn,  a blow  from  the  tail,  fends 
it  about ; but  if  the  tail  ftrikes  both  wrays,  then  the 
motion  is  progreffive. 

10.  There  is  fomething  extremely  odd  in  the  expe- 
riments of  an  ingenious  man,  on  fome  of  our  common 
fifties. 

“ I put  a banftickle,  fays  he,  in  a glafs  jar  filled 
with  water  : at  firft  it  refufed  to  eat  any  thing,  which 
is  common  with  all  fifties  ; but  afterward  it  grew  fo 
tame,  as  to  take  fmall  worms  out  of  my  hand.  Nay, 
it  was  fo  bold  at  laft,  that  when  its  belly  was  full,  it 
would  fet  up  its  prickles,  and  with  all  its  ftrength, 
make  a ftroke  at  my  fingers,  if  I put  them  near  it. 

“ This  fifti  was  fo  unfociable,  that  it  would  fuffer 
no  other  fifh  to  live  in  the  jar  with  it,  and  fo  audaci- 
ous as  to  attack  whatever  I put  in,  though  ten  times 
its  own  fize.  One  day  I put  in  a fmall  ruff ; the  ban- 
ftickle inftantly  aflaulted  it,  and  tore  off  part  of  its 
tail,  and  1 am  perfuaded  would  have  killed  it,  had  I 
not  feparated  them. 

" The  abilities  they  ufe  to  get  from  place  to  place, 
are  likewife  extraordinary.  Though  they  are  fcarce 
two  inches  long,  I have  feen  them  leap  out  of  the  wa- 
ter a foot  high  perpendicularly,  and  much  farther  ob- 
liquely, when  they  wanted  to  get  over  fome  obftacle  in 
their  way. 

“ Nature  has  fumiflied  them  with  a kind  of  breaft- 
plate,  to  be  a defence  againft  outward  injury,  and  with 
prickles'upon  their  fides  and  back,  which  they  ere&  on 
the  leaft  appearance  of  danger. 

“ I have  always  obferved  among  the  fifti  I keep  in 
jars,  that  fuch  as  I keep  awhile  together,  contract  fo 
great  an  affe&ion  for  each  other,  that  if  they  are  fe- 
parated, they  grow  melancholy  and  fullen.  About 
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Chriftmas  I put  two  ruffs  into  a jar,  where  they  lived 
together  till  April.  I then  gave  one  of  them  to  a 
friend,  the  other  was  fo  affeded^  that  for  three  W3eks 
it  would  eat  nothing.  Fearing  it  would  pine  to  death, 

I fent  it  to  its  companion  : being  put  to  this,  it  ate  im- 
mediately, and  prefcntly  recovered  its  former  brifk- 
nefs.” 

iC  In  the  beginning  of  September,95  fays  the  fam# 
gentleman,  “ I procured  a fmall  dace,  which  I kept  ill 
a glafs  jar  till  the  latter  end  of  May  following.  All 
this  while  it  ate  nothing  except  the  fmall  animalcules, 
which  happened  to  be  in  the  water  1 gave  it,  once  a* 
day  in  winter,  and  twice  or  thrice  in  the  fpring,  as  the  . 
weather  grew  warmer.  When  the  water  was  frefti,  it 
came  up  to  the  top  about  once  an  hour,  to  blow  out 
fome  fmall  bubbles  of  air.  Then  putting  its  tfofe  near" 
the  furface,  it  took  in  freih,  and  retired  to  the  bottom* 
again.  But  as  the  water  became  lefs  pure  by  its'nfe,* 
its  returns  to  the  furface  were  more  frequent,  and  at 
laft  it  would  remain  there  continually,  till  I gave  it  a* 
frefh  quantity.  I believe  I might  have  kept  it  for' 
years,  but  bufinefs  one  day  prevented  me  from  giving 
it  dean  water  in  due  time,-/ which  put  a period  to  the* 
fife  of  my  little  companion*. 

“ At  firft  it  would  not  fuffer  me  to  come  nigh  the" 
glafs,  without  the  utmoft  confufion  and  furprife  ; but 
at  laft  it  grew  fo  tame,  that  if  I came  but  in  fight,  it 
would  be  fure  to  be  at  thfc  faitiefide  of  the  glafs,  and 
lie  gazing  at  me,  until  I was  weary  of  obferving  it* 
I often  took  the  opportunity  of  looking  at  it  by  candle-* 
light,*  which  it  feemed  to  take  great  pleafure  in.- 

? In  the  above-mentioned  month,  I put  into  ano- 
ther glafs,  a ruff  about  three  inches  long.  At  firft  he 
too  appeared  mighty  referved,  and  would  not  eat,  nor 
fuffer  me  to  come  nigh  him  ; but  in  a ftiort  time  all- 
powerful  hunger  tamedv  hhn  : for  he  could'  not,  like' 
the  dace,  live  on  the  fmalf  inhabitants  of  the  water, 
and  fo  was  quickly  forced  to  take  whatever  I provided 
for  him.  In  a:  while  it  grew  fo  tame,,  that  it  would  rot 
only  eat  fmall  worms  which  I threw  into  the  glafs,  but 
would- take  them-  out  .of  my  hands.  Nay,  it-  would 
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even  rife  out  above  the  water  for  them  ; which  is  con- 
trarf  to  the  way  wherein  this  kind  of  ftfh  ufes  to  take 
ils  food.  At  laft,  it  would  come  to  my  hand,  when- 
ever I put  it  into  the  glafs,  andfuffer  me  to  handle  it. 
When  1 had  made  all  the  obfervations  I thought  pro- 
per, after  eight  months  I gave  him  his  liberty.” 

11.  It  has  long  been  fuppofed  that  all  fhells,  as  well 
as  the  animals  in  them,  arofe  wholly  from  the  egg. — 
.But  it  is  now  found. by  various  experiments,  that  the 
fhells  of  fnails  (and  probably  of  all  other  animals)  are 
formed  of  a matter  which  perfpires  from  their  bodies, 
and  then  condenfes  round  them.  * 

It  is  certain  all  animals  perfpire  and  are  encompaff- 
ed  with  the  atmofphere  which,  exhales  from  them. 
Snails  have  nothing  peculiar  in  this  refpefl,  unlefs  that 
their  atmofphere  condenfes  and  hardens  about  them, 
^nd  forms  a vilible  cover  for  the  body,  while  that  of 
other  animals  evaporates.  This  difference  may  arife 
from  the  different  fubftance  perfpired  ; that  from  fiia  ils 
being  vifcous  jand  ftony.  This  is  no  fuppofition,  but 
a matter  of  fadfc,  proved  by  numerous  experiments,. 

But  the  re-produftion  of  the  fhells  of  fome  fifh,  yea, 
and  of  the  parts  contained  therein,  is  far  more  ftrange 
jand  unaccountable,  than  their  firft  produ&ion.  This 
is  particularly  obferved  in  crabs  and  lobfters.  Lobfters 
caft  their  fhells  yearly,  fome  time  after  midfummer, — 
In  the  room  of  the  old,  a new,  thin  fhell  is  immedi- 
ately prepared  by  nature,  which  in  lefs  than  eight 
days,  acquires  almo'ft  the  fame  degree  of  hardnefs  as 
the  other.  , >. 

The  legs  of  a lobfter  confifl  of  five  articulations.- — 
When  any  of  thefe  legs  break,  -which  frequently  hap- 
pens, the  fracture  is  always  near  the  fourth  joint,  and 
what  they  lofe  is  precifely  re-produced  in  fome  time 
after : four  joints  (hooting  out,  the  firft  .whereof  has 
two  claws,  as  before.  «.  . . 

, . If  a leg  be  broken  off  purpofely  at  the  fourth  or 
fifth  joint,  it  is  conftantly  re-produced ; but  very  rare- 
ly, if  at  the  firft,  fecond,  or  third  joint.  What  is  (hill 
more  furprifing  is,  that  upon  vifiting  the  lobfter,  which 
is  maimed  in  thefe  barren  articulations,  at  the  end  of* 
t^wo  or  three  days,  all  the  other  joints  are  found,  brp- 
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ken  off  at  the  fourth,  which  he  has  undoubtedly*  done 
himfelf. 

x The  part  re-produced  is  perfe&ly  like  that  broke 
off,  and  in  a certain  time  grows  equal  to  it.  Hence 
it  is,  that  lobfters  have  often  their  two  big  legs  unequal. 

This  fhews  the  fmaller  leg  to  be  a new  one.  If  a part 
thus  re-produced  is  broken  off,  there  is  a fecond  re- 
production. The  fummer,  which  is  the  only  time 
when  lobfters  eat,  is  the  moft  favourable  time  for  this.. 

J jt  is  then  performed  in  four  or  five  days  ; otherwife  it 
takes  up  eight  or  nine  months. 

The  common  crab-fifti  has  its  abode  from  twenty 
to  forty  fathom  water.  They  herd  together  in  diftindt 
tribes,  and  have  their  feparate  haunts  for  feeding  and 
breeding,  and  will  not  affociate  with  their  neighbours. 

This  has  been  tried,  by  marking  a crab,  carrying  it 
two  or  three  miles,  and  leaving  it  among  other  crabs. 

This  crab  has  afterward  found  its  way  home,  and  been 
caught  in  its  old  abode. 

This  creature  too  can  break  off  its  own  limbs.  If 
when  it  is  laid  on  its  back,  one  of  the  outer  joints  of  a * 

fmall  leg  be  bruifed,  he  (hews  uneafmefs,  by  moving 
it  about.  Afterward  he  holds  it  quite  ftill,  in  a diretft 
and  natural  pofition,  without  touching  any  part  $f  the 
body,  or  of  the  other  legs  with  it.  Then  on  afudden 
with  a gentle  crack,  the  wounded  part  of  the  leg  drops 
off.  If  a hole  be  pierced  in  the  great  leg,  the  effedt 
will  be  the  fame  ; and  the  large  limb  is  thrown  off  in 
the  fame  manner,  only  with  greater  violence.  A 
mucus  then  overfpreads  the  wound,  which  prefently 
_ flops  the  bleeding  ; and  a fmall  leg  is  by  degrees  pro- 
duced, which  gradually  attains  the  lize  .of  the  former. 

Nature  has  given  this  Angular  power  to  thefe  crea- 
tures, for  the  prefervation  of  their  lives  in  their  fre- 
quent quarrels.  In  thefe,  one  crab  lays  hold  of  the 
claw  of  another,  and  crufties  it  in  fuch  a manner,  that 
it  would  bleed  to  death,  had  it  not  the  power  of  giv- 
ing up  the  limb,  and  healing  the  wound. 

However  different  in  figure  the  lobfter  and  the  crab 
4 may  feem,  their  manners  are  nearly  the  fame.  Though 
without  any  warmth  in  their  bodies,  or  even  red  blood, 
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they  are  wonderfully  voracious.  Whatever  they  feize 
upon  that  has  life,  is  fure  to  perifli,  though  never  fo 
well  defended  : they  even  devour  each  other  ; and,  to 
<increafe  our  furprife,  they  may,  in  fome  meafure,  be 
faid  to  eat  themfelves,  as  they  change  their  fhell  and 
their  ftomach . every  year,  and  their  old  ftomach  is 
generally  the  firft  morfel  that  ferves  to  glut  the  new. 

What  this  animal  differs  in  from  all  others,  is,  that 
the  fpinal  marrow  is  in  the  breaft-bone.  It  is  furnifti- 
ed  with  two  long  feelers  or  horns,  that  iffue  on  each 
fide  of  the  head,  to  torreft  the  dimnefs  of  its  light, 
and  apprize  the  animal  of  its  danger,  or  of  its  prey. 
The  tail  is  the  grand  inftrument  of  motion  ; and  with 
this  it  can  raife  itfelf  in  the -water. 

When  the  young  lobfters  leave  the  parent,  they  feek 
for  refuge  in  the  fmaller  clefts  of  rocks,  and  in  crevi- 
ces at  the  bottom  of  the  fea.  There  they  grow  larger 
in  a few  weeks,  from  the  accidental  fub fiances  which 
the  water  waihes  to  their  retreats.  By  this  time  alfo 
they  acquire  a hard  firm  fliell,  which  furnifhes  them 
with  both  offenlive  and  defenfive  armour.  They  then 
iffue  from  their  fortreffes,  and  creep  along  the  bottom,  f 
in  hopes  of  meeting  with  plunder.  The  fpawn  of  fifh, 
the  fmaller  animals  of  their  own  kind,  but  chiefly  the 
worms  that  keep  at  the  bottom  of  the  fea,  fupply 
them  with  plenty.  They  keep  in  this  manner  clofe 
among  the  rocks,  bufily  employed  in  fcratching  up  the 
fand  with  their  claws  for  worms,  or  furprifing  fuch 
heedlefs  animals  as  fall  within  their  g'rafp  : thus  they 
have  little  to  apprehend,  except  from  each  other,  for 
in  them,  as  among  fifties,  the  large  are  the  mod  for- 
midable of  all  enemies  to  the  fmall. 

But  the  body  of  the  lobfter  ftill  continuing  to  in- 
creafe,  the  animal  foon  becomes  too  large  for  its  ha- 
bitation. In  general,  all  animals  change  their  fliell 
once  a year ; and  this  is  a mod  painful  operation.; — 
Their  moulting  feafoii  is  generally  about  the  beginning 
of  fummer  ; at  which  time  their  food  is  in  plenty,  and 
their  ftrength  and  vigour  in  the  Jngheft  perfection. — 
But  foon  all  their  activity  ceafes : they  feek  fome  re- 
tired fituation  among  the  rocks,  where  they  remain  in 
fafety  from  the  attacks  of  their  various  enemies.  For  * 
fome  days  before  their  change,  the  animal  difcon- 
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tinnes  its  ufual  voracioufnefs  ; it  is  no  longer  feen  har- 
' rowing  up  the  fand  at  the  bottom,  or  fighting  with 
others  of  his  kind,  or  hunting  its  prey : it  lies  torpid 
and  motionlefs.  Juft  before  cafting  its  fhell,  it  throws 
itfelf  upon  its  back,  ftrikes  its  claws  againfteach  other, 
and  every  limb  feems  to  tremble  ; its  feelers  are  agitat- 
ed, and  the  whole  body  is  in  violent  motion.  It  then 
fwells  itfelf  in  an  unufual  manner,  and  at  laft  the  ftiell 
begins  to  divide  at  its  junctures ; particularly  at  the 
jun&ures  of  the  belly,  where  like  a pair  of  jumps,  it 
Was  before  but  feemingly  united.  It  alfo  feems  turned 
infide  out;  and  its  ftomach  comes  away  with  its  ftiell. 
After  this  it  difengages  itfelf  of  the  claws,  which  burft 
at  the  joints  ; the  animal,  writh  a tremulous  motion, 
cafting  them  off,  as  a man  would  kick  off  a boot  that 
was  too  big  for  him. 

Thus  this  wonderful  creature  is  at  liberty ; but  fo 
weak  that  it  continues  for  feveral  hours  motionlefs.—* 
Indeed,  fo  violent  and  painful  is  the  operation,  that 
many  of  them  die  under  it  ; and  thofe  which  furvive, 
for  fome  time  neither  take  food,  nor  venture  from 
their  retreats.  Immediately  after  this  change,  they 
have  not  only  the  foftnefs,  but  the  timidity  of  a worm. 
Every  animal  of  the  deep  is  then  a powerful  enemy,* 
which  they  can  neither  efcape,  nor  oppofe  ; and  this  is 
the  time  when  the  dog-fifh,  the  co^,  and  the  ray  de- 
vour them  by  hundreds.  But  this  ftate  continues  for 
a very  ftiort  time  : in  lefs  than  two  days,  the  fkin 
that  covered  his  body  is  grown  almoft  as  hard  as  be- 
fore. 

When  the  lob fter  is  completely  equipped  in  its  new 
fhell,  it  appears  how  much  it  has  grown  in  the  fpace  of 
. a very  few  days.  The  old  fhell  Jbeing  compared  with 
thofe  of  the  new,  it  is  increafed  above  a third  in  its 
fize ; and,  like  a boy  that  has  outgrown  his  clothes, 
it  feems  wonderful  how  the  deferted  fhell  was  able 
to  contain  fo  great  an  animal  as  entirely  fills  up  the 
new. 

It  may  be  worth  obferving,  that  lobfters  ufe  their 
tails  as  fins,  wherewith  they  commonly  fwim  back* 
ward,  by  jerks  or  fprings,  reaching  fometimes  ten 
yards  at  a fpring.  For  this  purpofe,  as  the  gill -fins 
©f  other  fifties,  which  are  their  oars,  are  a little  con- 
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cave  backward,  thefe  have  the  plates  of  their  tails, 
when  they  bend  them  down  as  they  ufe  to  do,  a little 
concave  forward. 

t , s * i . * 

Different  from  all  thefe  are  the  land  crabs  of  the 
Caribbee  Iflands ; which  live  in  a kind  of  orderly  fo- 
ciety,  within  their  retreats  in  the  mountains ; and  re- 
gularly once  a year  march  down  to  the  fea  fide  in  a 
body  of  fome  millions.  They  chufe  the  months  of 
April  and  May  to  begin  their  expedition:  and  then 
fally  out  from  the  flumps  of^hollow  trees,  from  the 
clefts  of  rocks,  and  from  the  holes  which  they  dig  for 
themfelves  under  the  furface.of  the  earth.  At  that 
time  the  whole  ground  is  covered  with  this  band  of  ad- 
venturers. The  fea  is  their  place  of  deflination,  and 
to  that  they  direct  their  march.  No  geometrician 
could  fend  them  to  their  deftined  ftation,*  bv  a fhorter 
courfe.  They  never  turn  to  the  right  or  left,  what- 
ever obftacles  intervene.  And  even  if  they  meet  with 
a houfe,  they  will  attempt  to  fcale  the  walls,  to  keep 
the  unbroken  tenor  of  their  way.  But  upon  fome  oc- 
cafions  they  are  compelled  to  conform  to  the  face  of  the 
country ; and  if  it  be  interfered  by  rivers,  the  wind 
along  the  courfe  of  the  ftream.  They  are  commonly 
divided  into  three  battalions  ; of  which, _the  firft  con- 
lifts  of  the  ftrongeft  and  boldeft  males,  that  like  pio- 
neers, march  forward  to  clear  the  route,  and  face  the 
greateft  dangers.  Thefe  are  often  obliged  to  halt  for 
want  of  rain,  and  wait  till  the  weather  changes. — The 
main  body  of  the  army  is  compofed  of  females,  which 
n never  leave  the  mountains  till  the  rain  is  fet  in,  and 
then  defcend  in  regular  battalia,  in  columns  of  fifty 
paces  broad, 4 and  three  miles  deep,  and  fo  clofe,  that 
they  almoft  cover  the  ground.  Three  or  four  days 
after  this,  the  rear-guard  follows  ; a ftraggling  undif- 
ciplined  tribe,  confifting  of  males  and  females,  but 
neither  fo  robuft,  nor  fo  numerous  as  the  former.— 
The  night  is  their  chief  time  of  proceeding  ; but  if  it 
rains  by  day,  they  do  not  fail  to  profit  by  the  occafion. 
And  they  continue  to  move  forward  in  their  flow,  uni- 
form manner.  When  the  fun  Alines  hot,  they  make  an 
univerlal  halt,  and  wait  till  the  cool  of  the  evening. — 
-When  they  are  terrified,  they  march  back  in  adifor- 
- , - derly 
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derly  manner,  holding  up  their  nippers  with  which  they 
fometimes  tear  off  a piece  of  the  flefh  of  an  affailjmt, 
and  leave  the  weapon  where  they  inflicted  the  wound. 
They  often  clatter  their  nippers  together,  as  if  it  were 
to  threaten  thofe  that  come  to  difturb  them.  But 
though  they  thus  drive  to  be  formidable  to  man,  they 
are  much  more  fo  to  each  other ; for  if  any  of  them 
by  accident  is  maimed  in  fuch  a manner,  as  to  be  inca- 
pable  of  proceeding,  the  reft  fall  upon  and  devour  it  on 
the  fpot,  and  then  purfue  their  journey. 

When  after  a fatiguing  march,  perhaps  of  three 
months,  they  arrive  at  their  deftined  port,  they  pre- 
pare to  caft  their  fpawn.  The  peas  are  as  yet  within 
their  bodies,  and  not  as  is  ufual  in  anjmals  of  this  kind, 
under  the  tail.  And  the  creature  waits  for  the  benefit 
of  the  fea- water,  i;o  help  the  delivery.  For  this  pur- 
pofe,  the  crab  has  no  fooner  reached  the  fhore,  than  it 
* eagerly  goes  to  the  edge  of  the  water,  and  lets  the 
waves  wafti  over  its  body,  two  or  three  times.  Then 
they  withdraw  to  feek  ,a  lodging  upon  land : in  the 
mean  time,  the  fpawn  grows  larger,  is  excluded  out  of 
the  body,  and  flicks  to  the  barbs  under  the  tail.  In 
thisftate  of  pregnancy,  they  once  more  feek  the  fhore, 
-and  fhaking  off  their  fpawn  into . the  /water,  leave  it 
. there.  At  this  time  whole  fhoals  of  hungry  fifh  are  in 
expectation  of  this  annual  fupply.  The  fea  to  a great 
diftance  is  black  with  them ; and  about  two  thirds  of 
the  crabs  eggs  are  immediately  devoured.  The  eggs 
that  efcape  are  hatched  under  the  fand  ; and  foon  after 
millions  at  a time  of  thefe  little  crabs  are  feen  quitting 
the  fhore,  and  flowly  travelling  up  to  the  mountains. 

,,  The  old  ones  however  ate  not  fo  aCiive  to  return; 
they  are  become. fo,  feeble,  that  they  can  hardly  creep 
along.  ' Moft  of  them,  therefore,  are  obliged  to  con- 
tinue in  the  flat  parts  of  the  country  till  they  recover, 
making  holes  in  the  earth,  which  they  cover  at  the 
mouth  with  leaves . and  dirt  There  they  throw  off 
their  old  (hells.  At  that  time  they  are  quite  naked, 
and  afmoft  without  motion  for  fix  days.  They  have 
then  . under  their  . ftomachs  four  large  white  ftones, 
.which  gradually  decreafe  in  proportion  as  thefhell  har- 
*■  dens,  and  when  they  come  to  perfection,  are  not  to  be 
founds  It  is  at. that,  time  the  animal  is  feen  flowly 

making 
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making  its  way  back,  and  all  this  is  commonly  per- 
formed in  fix  weeks. 

~ ' * ' ’ * l . * . v • • • • 

There  is  likewife  an  animal  of  the  lobfter-kind  that 
annually  defcends  from  its  mountains,  not  only  to  pro- 
duce an  offspring,  but  to  provide  itfelf  a covering  ; not 
only  to  fecure  a family,  but  to  furnifli  a houfe.  I 
mean  the  foldier  crab.  It  is  about  four  inches  long,^ 
has  no  fliell  behind,  but  is  covered  down  to  the  tail' 
with  a rough  fkin,  terminating  in  a point.  But  what 
nature  has  denied  this  animal,  it  takes  care  to  fupply 
by  art ; and  taking  pofleffion  of  the  deferted  fhell  of 
fome  other  animal,  it  refides  in  it,  till,  by  growing  too 
large  for  its  habitation,  it  is  under  the  neceffity  of  a; 
change.  It  is  a native  of  the  Weft  India  Iflands,  and 
every  year  defcends  from  the  mountains  to  the  fea- 
Ihore,  to  depofit  its  fpawn,  and  to  provide  itfelf  with1 
a new  fliell.  Its  firft  care  is  to  provide  for  its  offspring,' 
and  it  is  thought,  from  the  number  of  little  (hells 
which  it  is  feen  examining,  that  it  depofits  its  fpawn* 
in  them,  which  thus  is  placed  in  perfect  fecurity  tilt 
the  time  of  exclusion. 

It  is  then  mindful  of  itfelf.  It  is  (till  feen  in  its  old* 
fhell,  which  it  has  confiderably  outgrown : a part  of 
the  naked  body  is  feen  at  the  mouth  of  it,  which  the' 
habitation  is  too  fmall  to  hide.  A (belt  therefore,  is* 
to  be  found  large  enough  to  cover  the  whole  body;-* 
and  yet  not  fo  large  as  to  be  unmanageable.  To  an- 
fwer  both  thefe  ends  is  no  eafy  matter,  nor  the  attain- 
ment of  a flight  inquiry*  The  little  foldier  rs  feen  bu- 
fily  parading  the  (here  along  that  line  of  pebbles  and* 
fhells  that  is  formed  by  the  waves  ;v  ftill,  however* 
dragging  its  old  habitation  at  his  tail  * unwilling  to 
part  with  one  (hell,  till  it  can  find  another  more  conve- 
nient. It  is  feen  (lopping  at  one  (hell,  turning  it  and* 
pafling  it  by,  going  on  to  another,  contemplating  that 
for  awhile,  and  then  flipping  its  tail  from  its  old  habi- 
tation, to  try  on  the  new.  This  alfo  is  found  to  be  m- 
eonvenient,  and  it  quickly  returns  to  its  old  fhell  again.- 
In  this  manner  it  frequently  changes,  till  atlaft  it  finds- 
one,  light,  roomy,  and  commodious.  To  this  it  ad-' 
heres,  though  the  (hell  be  fome  times  fo  large  as  to  hide 
the  body  of  the  animal,  claws  and  all. 

Yet 
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Yet  it  is  not  till  after  many  trials,  and  many  combats  ' 
alfo,  that  the  foldier  is  thus  completely  equipped.  For 
there  is  often  a conteft  between  two  of  them,  for 
fome  well-looking  (bell.  They  both  endeavour  to  take 
poffeffion  : they  ftrike  with  their  claws  ; they  bite  each 
other,  till  the  weakeft  is  obliged  to  yield.  It  is  then 
that  the  vi&or  takes  poffeffion,  and  parades  in  his  new 
, conqueft  three  or  four  times  backward  and  forward  up- 
on the  ftrand,  before  his  envious  antagonift. 

Crabs-eyes,  fo  called,  are  found  in  the  bodies  of 
cray-fifh.  Each  fifh  produces  two  yearly,  one  on  each 
fide  of  the  ftomach,  between  the  coats  of  it.  Here  it 
grows,  coat  upon  coat,  and  is  fupplied  with  petrifying 
juices,  by  veffels  opening  on  the  inner  furface  of  the  * 
outward  coat.  The  firft  fcale,  whereon  all  the  others 
are  formed, * may  be  perceived  in  the  centre ; the 
brims  or  circumferences  of  many  of  the  reft  being  like- 
wife  apparent.  It  is  believed,  that  they  caft  thefe  _ 
ftones  with  their  fhells  yearly  ; but  this  is  not  the  cafe. 
For  about  the  time  of  calling  their  fhell,  the  ftones 
break  through  the  internal  coat  of  the  ftomach,  and  . 
being  ground  by  the  three  ferrated  teeth  therein,  be- 
come dilfolved  in  the  fpace  of  a few  days,  which  makes 
it  difficult  to  find  them  juft  at  this  time. 

They  eat  their  old  fhells  immediately  after  fhedding 
them.  Perhaps  thefe  ftones  may  be  defigned  to  furniflt 
new  petrefcent  juices  to  its  fluids,  for  the  re-produ6tion 
of  their  annual  drefs. 


As  to  turbinated  fhell-fifh  of  • the  fnail-kind,  we  may 
firft  obferve  the  fnail  itfelf.  This  is  furprifingly  fitted 
for  the  life  it  is  to  lead.  It  has  the  organs  of  hfe  in  a 
manner  almoft  -as  complete  as  the  largeft  animal ; a 
tongue,  brain,  falival  du<fts,  glands,  nerves,  ftomach, 
and  inteftines  ; liver,  heart,  and  blood  veflels : befides 
this  it  has  a purple  bag  that  furnifhes  a red  matter  to 
different  parts  of  the  body,  together  with  ftrong  muf- 
cles,  that  hold  it  to  the  fhell,  and  which  are  hardened 
like  tendons  at  their  infertion. 

But  thefe  it  poffeffes  in  common  with  other  animals. 
We  mull  now  fee  what  it  has  peculiar  to  itfelf.  The 
ftriking  peculiarity  is,  it  has  got  its  eyes  on  the  points 
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of  its  largefi  horns.  When  the  fnail  is  in  motion,  four 
horns  are  feen  diftin&ly ; but  the  two  longeft  deferve 
peculiar  confideration,  both  on  account  of  the  various 
motions  -with  which  they  are  endued,  and  of  their 
having  eyes  at  the  extreme  ends  of  them,  Thefe  ap- 
pear like  two  blackifh  points.  The  animal  can  direct 
them  to  different  objects  at  pleafure,  by  a regular  mo- 
tion out  of  the  body  ; and  fometimes  it  hides  them  by 
a very  fwift  contra&ion  into  the  belly.  Under  the 
fmall  horns  is  the  animal’s  mouth  ; and  though  it  may , 
appear  too  foft  a fubftance  to  be  furnifhed  with  teeth, 
yet  it  has  no  lefs  than  eight  of  them,  with  which  it  de- 
vours leaves,  and  other  fubftances  feemingly  harder 
than  itfelf. 

It  may  feem  whimfical  to  make  adiftin&ion  between 
the  animal  perfections  of  turbinated  and  bivalved  fhell- 
fifh,  or  grant  a degree  of  Superiority  to  the  fnail  above 
the  oyfter.  Yet  this  diflindtion  apparently  obtains  in 
nature  y and  we  fhall  find  the  bivalved  tribe  of  animals 
in  every  refpedt  inferior  to  the  other.  Inferior  in  all 
their  fenfations y inferior  in  all  their  motions  ; but  pe- 
culiarly inferior  in  their  fyftem  of  animal  generation. 
The  fnail  tribe  are  hermaphrodite  ; but  require  the  at 
fjftance  of  each  other  for  fecundation ; all  the  bivalve 
tribe  are  hermaphrodite  in  like  manner,  but  they  re- 
quire no  affiftance  from  each  other  towards  impregna- 
tion y and  a fingle  mufcle  or  oyfter,  if  there  were  no 
Other  in  the  world,  would  quickly  replenifh  the  ocean. 

The  multitude  of  muicles  is  in  fame  places  very 
great ; but  from  their  defencelefs  ftate,  the  number  of 
their  deftroyers  are  in  equal  proportion.  The  crab, 
the  cray-filh,  and  many  other  animals  are  feen  to  de- 
vour them  ; but  the  tochus  is  their  mod  formidable 
enemy.  When  their  fhells  are  found  deferted,  if  we 
then  obferve  clofely,  it  is  moft  probable  we  fhall  find 
that  the  tochus  has  been  at  work  in  piercing  them. 
T.  here  is  fcarce  one  of  them  without  a hole  jn  it ; and 
this  probably  was  the  avenue  by  which  the  enemy  en- 
tered to  deftroy  the  inhabitant. 

But  notwithftanding  the  number  of  this  creature’s 
animated  enemies,  it  feems  ftill  more  fearful  of  the 
agitations,  of  the  element  in  which  it  refides ; for  if 
daihed  againft  rocks,  or  thrown  far  on  the  beach>  it  is 
- ^ deftrcyed 
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deftroyed  without  a power  of  redrefs.  In  order  to 
guard  againft  thefe,  which  are  to  this  animal  the  com- 
moneft  and  the  moft  fatal  accidents,  although  it  has  a 
power  of  flow  motion,  which  I fliall  prefently  defcribe, 
yet  it  endeavours  to  become  ftationary,  and  to  attach 
itfelf  to  any  fixed  objedt  it  happens  to  be  near.  For 
this  purpofe  it  is  furnifhed  with  a very  Angular  capaci- 
ty of  binding  itfelf  by  a number  of  threads  to  whate- 
ver objedt  it  approaches ; and  thefe  Reaumur  fuppofes 
it  fpins  artificially,  as  fpiders  their  webs,  which  they 
fatten  againft  a wall.  Be  this  as  it  will,  nothing  is  more 
certain  than  that  the  mufcle  is  found  attached  by  thefe 
threads  to  every  fixed  objedt ; fometimes,  indeed,  for 
want  of  fuch  an  objedt,  thefe  animals  are  found  united 
to  each  other,  and  though  thrown  into  a lake  feparate- 
1 y,  they  are  taken  out  in  bunches  of  many  together.  ► 
To  havefome  fixed  retting  place,  where  the  mufcle 
can  continue,  and  take  in  its  accidental  food,  feems 
the  ftate  that  this  animal  chiefly  defires.  Its  inftrument 
of  motion,  by  which  it  contrives  to  reach  the  objedt  it 
wants  to  bind  itfelf  to,  is  that  mufcular  fubftance  re- 
fembling  a tongue,  which  is  found  long  in  proportion 
to  the  lize  of  the  mufcle.  This  the  animal  has  a power 
of  thrufting  out  of  its  fliell ; and  with  this  it  is  capa- 
ble of  making  a flit  in  the  fand  at  the  bottom.  By 
means  of  this  furrow  in  proportion  as  it  goes  forward, 
it  reaches  out  its  tongue,  that  anfwers  the  purpofe  of 
an  arm,  and  thus  carries  its  fliell  edge-ways,  as  in. a 
groove,  until  it  reaches  the  point  intended.  Then 
where  it  determines  to  take  up  its  refidence,  it  fixes  the 
ends  of  its  beard,  which  are  glutinous,  to  the  rock, 
or  the  objedt,  whatever  it  be  ; and  thus  like  a (hip  at 
anchor,  braves  all  the  agitations  of  the  waters.  Some- 
times the  animal  is  attached  by  a large  number  of 
threads ; fometimes  but  by  three  or  four,  that  feem 
fcarce  able  to  retain  it.  When  the  mufcle  is  fixed  in 
this  manner,  it  lives  upon  the  little  earthy  particles 
that  the  water  transports  to  its  (hells,  and  perhaps  the 
* flefh  of  the  moft  diminutive  animals.  However,  it 
does  not  fail  to  grow  conuderably  .;  and  fome  of  this 
kind  have  been  , found  a foot  long.  I have  feen  the 
beards  of  a foot  and  a half ; and  of  this  fubftance  the 
natives  of  Palermo  make  gloves  and  (lockings. 

Oyfters 
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Oyfters  ufually  caft  their  fpawn  in  May,  which  a t 
firft  appear  like  drops  of  candle-greafe,  and  flick  to  any 
hard  fubftance  they  flick  upon.  Thefe  are  covered? 
with  a fliell  in  two  or  three  days,  and  in  three  years- 

the  animal  is  large  enough  to  be  brought  to  market. 

• \ 

The  fcallop  is  particularly  remarkable  for  its  me- 
thod of  moving  forward  upon  land,  or  fwimming  up-- 
on  the  water.  When  it  finds  itfelf  deferted  by  the  tide, 
it  moves  towards  the  fea  in  a moft  Angular  manner* 
It  firft  gapes  with  its  fhell  as  widely  as  it  can,  the 
edges  being  often  an  inch  afunder  ; then  it  fhuts  them 
with  a jerk,  and  by  this  the  whole  animal  rifes  five  or 
fix  inches  from  the  ground;  It  thus'  tumbles  any  how* 
forward,  and  renews  the  operation  until*,  it  has  attained  • 
r its  journey's  endi  When  in  the  water  it  is  Capable  of 
fopporting  itfelf  on  the  furface  ; and  there  opening  and 
ftiutting  its  fhells,  it  tumbles  over  and  over*  and  makesr 
ks  way  with  fbme  celerity. 

The  razor-fhell  has  a very  different  kind  of  motion.- 
As  the  former  moves  laborioufly  forward,  fo  the  razor-- 
flielh  has  only  a power  of  finking  downward.  The 
fhells  of  this  animal  refemble  nothing  fo  much  as  the' 
haft  of  a razor  ; and  by  this  form  it  is  enabled  to  dive 
into  thefoft  fand.  All  its  motions  are  confined  to  fink-' 
ing  or  rifing  a foot  downwards  or  upwards  in  the  fand, 
for  it  never  leaves  the  fpot  where  firft  it  was  planted* 
From  time  to  time  it  rifes  about  half-way  out  of  its 
hole : but  if  any  way  difturbed  finks  perpendicularly 
down  again.  Juft  over  the  place  where  the  razor  bu- 
ries itfelf,  there  is  a fmall  hole  like  a chimney,  through 
which  tfie  animal  breathes  or  imbibes  the  fea-water. 
Upon  the  defertion  of  the  tide,  thefe  holes  are  eafily 
diftinguifhed  by  the  filhermen ; and  their  method  of 
enticing  the  razor  up  is  by  fprinkling  a little  fea-faltup- 
on  the  hole.  This  melting,  no  fooner  reaches  the  ra- 
zor below,  than  it  rifes  inftantly,  and  fhews  above  half 
its  length  above  the  furface.  This  appearance  is  inftan- 
taneous  ; and  if  the  fifher  does  not  feize  the  opportu- 
nity, the  razor  buries  itfelf  to  its  former  depth.  There 
it  continues  fecure ; no  fait  can  allure  it  a fecond  time  y 
but  it  remains  unmolefted  unlefs  the  fifher  will  be  at 
. 1 ' the 
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<]ie  trouble  of  digging -it  out,  fpmetimes  two  feet  be- 
low die  furfuce. 

Multivalve  fhell-fifh.  may  be. confidered  as  animals 
{hut  up  in  round  boxes.  To  view  their  habitations  ex- 
ternally, one  would  be  little  apt  to  confider  them  as 
r the  retreats  of  living  creature? ; and  Hill  lefs,  to  fup- 
r pofe  that  fome- of  them  carry  their  boxes  with  a.tolera- 
i-ble  {hare  of  fwiftnefs,  fo  as  to  efcape . their  purfuers. 

; Of  thefe  are  principally  two  kinds  ; fuch  as  move,  and 
rfuch  as  are  ftationary : the  firft  are  ufually  known  ia 
. our  cabinets  by  the  name  of  fea-eggs ; the  others  are 
often  admired  for  the  cavities  which  they  fcoop  out  for 
their  habitation  in.  the.  hardeft  marble.  The  firft  are  ' 
stalled,  by  naturalifts,  echini,  or  urchin? : the  latter 
; are  called  pholades,  or  file-fiflj.  .Of  both  thefe  are  fe- 
. veral  forts;  but  defcribing  thefe. two,  we  {hall  have  a 
. competent  idea  of  all  the  reft. 

To  a flight  view,  the  fea-urchin  may  be  compared  to 
; the  hulk  of  a chefnut  ; -being  like  it,  round,  and  with 
a numberof  bony,  prickles  (landing  out  on  every  fide, 
i If  we  could  conceive  a*  turnip  ftuck  full  of  pins  on 
.every  fide,  and.  running  upon  thefe  pins  with  fome  de- 
r gree  of  fwiftnefs,  we  ftiould  have  fome  idea  of  this  ex- 
Vtraor dinary  creature.  The  . mouth  is  placed  down- 

• wards  j the  vent  is  above;  the  ihell  is  a hollow  vafe, 

• refembling  a fcooped  apple  i - and  this  filled  with  a foft 
. mufcular  fubftauce,  through  which  the  inteftines  wind 
from  the  bottom  to  the  top.  The  mouth,  which  is 
; placed  undermoft,  is  large  and  red,,  fnrniftied  with  fine 

{harp  teeth,  which  are  eafily  difcerned.  The  jaws  are 
. ftrengthened  by  fine  fmall  bones,  in  the  centre  of  which 

• is  afmall  flefhy  tongue ; and  from  this  the  inteftines 
: n>ake  a winding  of  five  fpires,  round  the  internal  fides 
.of  the  fhell,  ending,  at  the  top,  where  the  excrements 
.are  excluded.  But  what  makes  the  moft  extraordinary 
'.part  of  this  animal’s. .conformation,  are  its  horns,  and 
; itsfpineg,  that  point  from  every  part -of  the  body,  like 
,the  homs  of.  a {hail,,  and  that  ferve  ,at  once  as  legs  to 
move  upon,  as  arms  to  feel  with,  and  as  inftrunaents  of 

.capture  and  defence.  Between  their  horns  ithasalfo 
Tpipes  that  are  jiot  endued  with  fuch  a {hare  of  motion. 

The 
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The  fpines  and  the  horns  iflue  from  every  part  of  the 
body,  the  fpines  being  hard  and  prickly,  the  horns  be- 
ing fofter,  longer  than  the  fpines,  and  never  feen  ex- 
cept in  the  water.  They  are  put  forward  and  with- 
drawn  like  the  horns  of  a fnail,  and  are  hid  at  the  bafs 
of  the  fpine,  ferving,  as  was  faid  before,  for  procuring 
food  and  motion.  All  this  apparatus,  however,  is 
only  feen  when  the  animal  is  hunting  his  prey  at  the 
bottom  of  the  water : for  a few  minutes  after  it  is 
taken,  all  the  horns  are  withdrawn  into  the  body,  and 

jnoft  of  the  fpines  drop  off.  . 

It  is  generally  faid  of  infers,  that  thofe  which  have 
the  greateft  number  of  legs,  always  move  the  floweft ; 
but  this  animal  feems  to  be  an  exception  to  the  rule  ; 
for  though  furnifhed  with  two  thoufand  fpines,  and 
twelve  hundred  horns,  all  ferving  for  legs,  and  which 
from  their  number  feem  to  impede  each  others  motion, 
yet  it  runs  with  fome  (hare  of  fwiftnefs  at  the  bottom, 
and  it  is  fometimes  no  eafy  matter  to  overtake  it. 

Very  different  in  motion,  though  not  much  dif- 
ferent in  ftiape  from  them,  are  the  acorn  fhell-fifh,  the 
thumb-footed  fhell-fifh,  and  the  imaginary  barnacle. 
Thefe  are  fixed  to  one  fpot,  and, appear  to  vegetate 
from  a ftalk.  Indeed,  to  an  inattentive  fpe&ator, 

* each  actually  feems  to  be  a kind  of  fungus  that  grows 
- jjn  the  deep,  deftitute  of  animal  life,  as  well  as  mo- 
tion.  But  the  inquirer  will  foon  change  his  opinion, 
when  he  comes  to  obferve  the  mufhroon-like  figure 
more  minutely. ' He  will  then  fee  that  the  animal  re- 
ading within  the  fhell,  has  not  only  life,  but  fome  de- 
gree of  voracioufnefs  ; that  it  has  a cover,  by  which 
it  opens  and  fhuts  its  fhell  at  pleafure  ; that  it  has 
twelve  large  crooked  arms,  furnifhed  with.hair,  which 
it  thrufts  forth  for  its  prey  ; and  eight  fmaller,  which 
are  generally  kept  in  the  fhell.  They  are  feen  adhering 
to  every  fubftance  that  is  to  be  met  with  m the  ocean  j 
rocks  roots  of  trees,  fhips  bottoms,  whales,  lob  hers, 
and  even  crabs ; like  bunches  of  grapes  clung  to  each 
other.  Itis  amufing  enough  to  behold  their  opera- 
tions. They  for  fome  time  remainmotionlefs  within 
their  fhell ; but  when  the  fea  is  calm,  they  are  feen 
opening  the  lid,  and  peeping  about  them,  ^hey  then 
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thruft  out  their  long  neck,  look  round  them  for  fom« 
time,  and  then  abruptly  retreat  back  into  their  box, 
lhut  the  lid,  and  lurk  in  darknefs  and  fecurity. 

Among  the  fhell-fifh  on  the  Waterford  coaft,  is  the 
murex,  which  have  the  Tyiian  purple.  It  is  in  great 
plenty  there,  and  is  by  the  Englifh  called  a horfe- 
winkle.  The  fhell  is  about  an  inch  long,  and  half  an 
inch  broad,  and  turns  fpirally  like  a fnail-fhell,  Each 
filh  has  a peculiar  refervoir,  which  contains  a large 
drop  of  liquor  : if  this  is  prefled  out  on  linen,  the  linen 
firft  appears  of  a dirty  yellow,  inclining  to  green,  af- 
terward it  changes  to  a lemon  colour,  then  to  a deep 
green ; then  it  turns  to  a deep  blue,  and  at  laft  to  a 
charming  purple. 

The  fhells  of  the  ancient  purple-fifh,  are  ftill  com- 
mon on  the  Tyrian  fhore.  The  filh  itfelf  is  found 'in 
great  abundance  in  the  feas  of  the  Spanifh  Weft-In- 
dies, near  Panama  and  Nicoya,  exactly  agreeing  with 
Pliny’s  account  of  the  ancient  murex.  Cloth  of  Se- 
govia, died  with  this  purple,  is  fold  for  twenty  crowns 
an  ell,  and  is  very  rarely  worn  by  any,  but  the  greateft 
noblemen  in  Spain.  The  Caribbee  Iflands  have  alfo 
the  fame  fort  of  fifh,  which  we  may  likewife  find 
nearer  home,  namely  on  the  coafts  of  Somerfetfhire, 
as  well  as  of  South-Wales. 


The  pearl  mufcles  lie  partly  open  s the  infide  of  the 
fhell  is  of  a pearly  colour.  The  pearl  lies  in  the  fmaller 
end  of  it,  at  the  extremity  of  the  gut,  and  out  of  the 
body  of  the  fifh,  between  the  two  films  that  line  the 
fhell.  This  anfwers  to  the  ftone  in  other  animals,  in- 
creafmg  by  crufts  growing  over  one  another.  Ac- 
cordingly if  a pearl  be  pinched  in  a vice,  the  upper 
coat  will  crack  and  leap  away.  And  as  it  is  now 
known,  that  the  fhells  of  fifhes  are  formed  of  ftony 
matter  oozing  out  of  their  body,  it  is  no  wonder  if 
that  matter  when  it  chances  to  overflow,  burfts  forth 
in  any  cavity  of  the  body,  and  forms  a little  mafs, 
which  hardening,  becomes  a pearl  of  the  fame  colour 
with  the  fhell.  m 

• ' ' . ' . - '•  , / - , A\ 

Whereas  all  other  animals  take  in  nutriment  by  the 
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mouth,  the  mufele  takes  it  in  by  the  anus.  The  part 
called  the  head,  though  without  eyes,  ears,  or  tongue, 
is  immoveably  fattened  to  one  of  the  fhells  fo  that  it 
cannot  receive  any  thing.  The  food  of  a mufele  is 
water,  which  as  the  {hell  opens,  enters  in  at  the  anus, 
and  patting  on  by  certain  canals  ninning  between  the 
fhell  and  the  animal,  is  thence  conveyed  into  the 

mouth.  - . 

We  have  lately  difeovered  a progreffive  motion  in 
thole  ftiell-filh,  which' were  fuppoled  t©  be  quite  fixed. 
Even  oyfters,  which  one  would  think  wholly  im- 
moveable, if  they  are  thrown  irregularly  into  a veflel  ' 
of  water,  will  in  a while  tumthemfelves  till  the  fmooth 
(hell  becomes  uppermoft  : otherwife  they  could  hold 
no  water  in  the  concave  fliell  for  their  fuftenance. 

Mufcles  can  walk  on  the  ground,  which  they  do  in 
this  manner.  Lying  on  the  flat  fide  of  their  fliell, 
they  thruft  out  a part,  in  form  of  a tongue,  where- 
- with  they  make  Ettle  motions  to  the  right  and  left, 
and  thereby  dig  a paffage  in  the  fand.  In  this  digging 
they  drop  gradually  on  one  fide,  and  fo  get  the  fliell 
mounted  on  its  edge ; then  they  ftretch  out  the  tongue 
as  far  as  they  can,  and  reft  for  a minute  or  two  on  its 
extremity  to  draw  the  fhell  after  them,  as  water-fnails 
do.  This  motion  is  repeated  as  long  as  they  pleafe  ; 
thus  they  form  a fort  of  groove  in  the  fand,  which 
fuftains  the  fliell  on  either  fide,  and  leaves  behind  them 
a fort  of  irregular  traft,  three  or  four  yards  long.  In 
rivers  abounding  with  mufcles  one  may  fee  many  of 
them,  with  a mufele  at  the  end  of  each. 

That  called  the  arm  or  a leg  in  a fea-mufcle,  which 
in  its  natural  ftate  is  not  above  two  lines  long,  may 
reach  out  of  the  fliell  two  inches  : and  the  mufclehav-  ,; 
ing  laid  hold  on  a fixed  point  therewith,-  bends  and 
fliortens  it  and  fo  drags  itfelf  on.  The  beard  ferves 
for  an  anchor  to  fatten  it  to  fome  heavy  body,  that  it 
may  not  be  carried  away  with  the  • motion  of  the 
waves. 

When  a pond-mufcle  walks,  it  thrufts  out  its  whole 
belly,  in  form  of  the  keel  of  a fliip,  and  creeps  on  the 
belly  as  the  ferpent  does.  S®  true  it  is,  that  nature  is 
not  confined  in  her  manner  of  operation,  but  is  ever 
varying,  though  never  confufed. 

In 
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in  Port- Mahon  harbour,  there  are  ftones  from  half 
a hundred  to  five  hundred  weight  each,  lying  at  all 
depths,  full  of  (hells,  each  containing  a fingle  fi(h,  of 
the  mufcle-kind.  The  holes  in  the  furface  are  far 
narrower  than  the  hole  in  which  is  the  filh,  which  it 
feems  is  capable  of  enlarging  its  room  as  it  grows 
, bigger,  by  abrading  the  fizes  of  its  cells.  And  this 
is  apparent,  from  the  fandy  matter  found  in  the  bot- 
tom of  thofe  cells,  whenever  the  orifice  is  higher  than 

the' bottom ; for  then  the  filh  cannot  throw  it  out. 

- * » ^ ‘ 

• The  bollani  likewife  in  the  Adriatic  fea,  live  in 
large  ftones.  Their  (hell  is  rough  and  oblong,  not 
unlike  a date.  They  are  found  in  feveral  kinds  of 
porous  ftones.  In  the  pores  of  thefe  the  (pawn  is  de- 
posited. Frequently  the  aperture,  through  which  it 
was  injedled,  is  no  longer  perceivable  j but  the  filh 
thrives  notwithftanding.  On  breaking  fome  of  thefe 
ftones,  one  finds  near  thirty  live  fiffj,  though  no  open- 
ing can  be  perceived  on  the  outfide.  Each  has  juft 
room  to  open  its  (hell,  the  infide  of  which  is  white, 
the  outfide  afh-colour  ; the  largeft  is  four  or  five  inches 
long.  Both  the  filh  itfelf  and  its  juices  are  fo  lu- 
minous, one  may  fee  to  read  by  it ; and  even  water  in 
which  it  has  been  fqueezed,  put  into  a glafs,  will 
ihine  ten  or  twelve  hours. 

Likewife  in  Toulon  harbour  are  found  folid  ftones,  s 
containing  in  feparate  cells,  fecluded  from  all  commu- 
nication with  the  air,  feveral  living  (hell-filh.  The 
fame  are  found  along  the  coaft  of  Alcona,  in  ftones 
’weighing  fifty  pounds  and  upwards.  The  outfide  of 
which  is  foft,  but  the  infide  lb  hard  as  to  require  ail 
iron  mall,  and  a ftrong  arm  to  break  them. 

Pholades  bollani,  when  divefted  of  their  (hells,  re- 
femble  a roundifh,  foft  pudding,  with  no  inftrument 
that  feems  in  the  leaft  fitted  for  boring  into  ftones,  or 
even  penetrating  the  fofteft  fubftance.  A pholas  is 
fumilhed  with  two  teeth  indeed  ; but  thefe  are  placed 
in.  fuch  a fttuation  as  to  be  incapable  of  touching  the 
hollow  furface  of  its  ftony  dwelling.  It  has  alfo  two 
covers  to  its  lhell  that  open  and  lhut  at  either  end  j but 
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•rfhefe  are  totally  unferviceable  to  it  as  a -miner.  The 
instrument  with  which  it  performs  all  its  operations, 
and  buries  itfelf  in  the  hardeft  rocks,  is  only  a broad 
flefliy  fubftance,  fomewhat  refembling  a tongue,  that 
is  feen  i fining  from  the  bottom  of  its  Shell.  With  this 
. foft  yielding  Jnftrument,  it  perforates  the  molt  folid 
marbles ; and  having,  while  little  and  young,  made  its 
way,  hy  a very  narrow  paflage  into  the  fubftance  of 
the  ftone,  it  then  begins  to  grow  bigger,  and  thus  to 
enlarge  its  apartment.  While  yet  naked  and  very 
fmall,  it  has  effected  an  entrance,  and  has  buried  its 
Jrody  in  tire  ftone  * it  there  continues  for  life  at  its 
eafe  ; the  fea- water  that  enters, at  its  apertures  fupply- 
ing  it  with, luxurious  plenty.  When  the  animal  ha^ 
taken  too  great  a quantity  of  water,  it  is  feen  to  fpurt 
it  out  of  its  hole  with  forpe  violence.  Upon  this  feem- 
ingly  thin  diet,  it  quickly  growslarger,  and  foon  finds 
itfelf  under  a neceffity  of  enlarging  its  habitation  and  • 
its  (hell.  The  motion  of  the  pholas  is  flow  beyond 
conception  ; its  progrefs  keeps  pace  with  the  growth 
of  its  body  $ and  in  proportion  as  it  grows  larger,  it 
makes  its  way  farther  into  the  rock.  When  it  has  got 
a certain  way  in,  it  then  turns  from  a certain  direc- 
tion, and  hollows  downward  ; till  at  daft  when  its  ha- 
bitation is  completed}  the  whole  apartment  refembles 
the  bowl  of  a tobacco-pipe  : the  hole  is  the  (hank,  be- 
ing that  by  which  the  animal  entered. 

Thus  immured,  the  pholas  lives  in  darknefs,  in- 
dolence, and  plenty  ; it  never  removes  from  the  nar- 
row manfion  into  which  .it  has  penetrated  : and  feems 
perfectly  content  with  being  enclofed  in  its  own  fepul- 
chre.  . The  influx  of  the  fea-water,  that  enters  by  its 
little  gallery,  fatisfies  all  its  wants  ; and  without  any 
other  food,  it  is  found  tP  grow  from  feyen  tp  eight  in- 
ches long,  and  thick  in  proportion. 

Yet  the  pholas  thus  {hut  up  is  net  fo  folitary  an  ani- 
mal as  it  would  at  firft  appear ; for  though  it  is  im- 
mured in  its  hole  without  egrefs  ; though  it  is  impof- 
fible  for  the  animal,  grown  to  a great  fize,  to  get  opt 
by  the  way  it  made  in,  yet  many  of  this  kind  meet  in 
* the  heart  of  the  rock,  and  like  miners  in  a fiege,  who 
fometimCs  crofs  each  others  galleries,  they  frequently 
break  in  upon  each  other’s  retreats : whether  thei 
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thus  meeting  be  the  work  of  accident  or  of  choice, 
few  can  take  upon  them  to  determine ; certain  it  is  they 
are  moft  commonly  found  in  numbers  in  the  fame 
rock ; and  fometimes  above  twenty  are  difcovered 
within  a few  inches  of  each  ether. 

. As  to  the  neft,  this  animal  is  found  in  greateft  num- 
bers at  Ancona  in  Italy  ; it  is  found  along  the  fhores 
of  Normandy  and  Poitou,  in  France  ; it  is  found  alfo 
. upon  fome  of  the  coafts  of  Scotland,  and  in  general 
is  confidered  as  a very  great  delicacy  at  the  tables  of 
the  luxurious. 

One  of  the  moft  extraordinary  kinds  of  fhell-fifh  is 
the  animal-flower,  in  Barbadoes.  In  the  parifh  of 
St.  Lucy,  on  the  north  fide  of  the  ifland,  there  is  a 
high  rocky  cliff  fronting  the  fea,  near  the  bottom  of  , 
which  is  a large  cave.  This  opens  into  another  cave, 
the  bottom  of  which  is  a bafon  of  water.  In  the 
znidft  of  this  bafon  is  a rock,  always  cover  ed  with  wa- 
ter : on  the  fides  of  which,  a few  inches  below  the 
water,  are  feen  at  all  times  of  the  year,  iffuing  out  of 
little  holes,  what  have  the  appearance  of  finely  ra- 
diated flowers,  in  fize,  colour  and  fhape  greatly  re- 
fembling  a common  marygold. 

If  you  attempt  to  pluck  one  of  thefe,  as  foon  as 
your  fingers  come  within  two  or  three  inches  ofjt,  it 
contrails,  clofes  up  its  border,  and  fhrinks  back  int® 
the  hole  of  the  rock.  But  if  left  undifturbed  for  a 
few  minutes,  it  iffues  again,  and  foon  appears  in  full 
bloom.  This  might  induce  one  to  believe,  that  it  was 
no  other  than  an  aquatic  fenfitive  plant. 

- But  on  a nearer  infpeilion  we  may  difeem  four  dark- 
coloured  filaments,  riling  from  the  centre,  moving  with 
a quick  and  fpontaneous  motion,  and  frequently  doling, 
to  feize  its  prey,  much  like  the  claws  of  a lobfter.  So 
that  the  feeming  flower  is  really  an  animal  $ and  its 
body,  which  appeared  to  be  the  ftalk  of  the  flower,  is 
black,  about  as  big  as  a raven’s  quill. 

It  feems  the  vivid  yellow  colour  of  its  feelers,  is  ab- 
\folutely  neceffary  to  procure  .its  food.  'Hie  water  in 
the  cave  having  no  motion,  cannot  bring  any  food  to 
them.  Therefore  the  Creator  has  endued  this  creature 
with  a quality  which  may  allure  its  prey.  For  bright 
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<dlours  invite  many  aquatic  animals,  asthe  flame  of  11 
candle  does  flies*  • 

• ' - «*  \ • 

12.  As  to  the  generation  of  fifhes,  fome  of  them 
are  viviparous,  others  oviparous.  The  womb  and 
ovaries  of  moft  fifhes,  are  not  unlike  thole  of  birds. 
The  female  cafts  out  innumerable  eggs,  in  the  fea,  in 
lakes,  in  .rivers.  Great  part  of  thefe  are  devoured  by 
the  males.  The  reft  are  hatched  by  the  warmth  of 
jhe  fun,  and  the  young  ones  immediately  fwim  away, 
without  any  help  from  the  parent.  . 

Sea-tor  toifes  lay  their  eggs  on  the  fea-fliore,  and 
cover  them  with  the  fend-  it  is  not  uncommon  to  fee 
a great  number  of  young  tortoifes  rife  out  of  the  land, 
and  without  any  guide  or  inftru&ions,  march  with  a 
gentle  pace  toward  the  water.  But  the  waves  ufually 
throw  them  baclc  upon  the  fhore,  artJ  then  the  binqfc 
deftroy  the  moft  of  diem.  So.that  out  of  two  or  three 
hundred  of  them  it  is  feldom  that  ten  efcape. 

It  feems  at  firft  view,  .that  nature*  in  this  inftance, 
charges  herfelf  with  unneceffary  expenfe.  But  a little 
reflection  fhews  the  contrary.  We  do  not  complain  of 
the  fertility  of  a hen,  which  frequently  lays  above  two 
hundred  eggs  in  one  year  : although  it  may  be,  that 
not  one  chick  is  hatched  out  of  all  thefe.  The  defign 
of  the  Author  of  nature  is  plain  : not  Barely  to  pru- 
ferve  the  fpecies?  but  at  the  fame  time,  to.provide  man 
and  other  animals  with  an  excellent  food.  So  his  in- 
tention in  the  fertility  of  a tortoife,  is  not  barely  to 
continue  that  fpepies,  but  to  accommodate  a number 
of  other  animals  with  food  convenient  for  them. 

•v 

But  whence  could  arife  the  common  opinion  core- 
cerning  the  generation  of  foies  ? namely,  that  they  a vk 
produced  from  a kind  of  fhrimps  or  prawns  ? A French 
gentleman  being  determined  to  try,  put  a large  quan- 
tity of  prawns  into  a tub  abont  three  feet  wide,  filled 
with  fea- water.  At  the  end  qf  twelve  or  thirteen  days, 
he  faw  there  eight  or  ten  little  foies,  which  grew  by  de- 
grees. He  repeated  the  experiment  feveral  times,  and 
always  found  little  foies.  Afterwards  he  pat  fome  foies 
and  prawns  together,  in  one  tub,  and  in  another,  foies 
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alone;-  In  both,  the  foies  fpawned  j but  there  WereflO" 
little  foies,  only  in  the  tub  where  the  prawns  were. 

But  how  can  prawns  be  of  ufe  toward*  producing 
foies?  Farther  obfetvations  cleared  up  this.  When 
Ihrimps  or  prawns  are  juft  taken  out  of  the  fea,-  you5 
may  difcem  between  their  feet  many  little  bladders, 
which  are  ftrorigly  fattened  to  their  ftomach,  by  a kind 
of  glue.  If  you  open  thefe  bladders  gently,  you  fee 
a fort  of  efnbrios,  which  viewed  with  a microfcope, 
liave  all  the  appearance  of  foies. 

Now  here  lies  the  myftery.  Thefe  are  the  eggs  or 
fpav.  n of  foies,  which  in' order  to  hatch,  are  fattened 
to  the  forimps  or  praWns  :- like  many  plants  and  ani- 
mals,-which  do  riot  grow  or  receive  nourishment,  but 
upon  other  plants  and  animals.  The  prawns  therefore 
are  the  fo (ter- mothers  of  foies,  during  their"  firlT  in- 
fancy. And-  this  has  occasioned  many  to  imagine  they 
Were  their  real  mothers. 

The  coming  of  certain  kinds  of  fifh  in  fhoals  to  cer- 
tain coafts,  at  a certain  time  of  the  year,  is  of  great- 
advantage  to  mankind.  But  the  reafon  of  it  has  been 
little  underftood.  Yet  obfervation  may  clear  it  Up.- 
There  is  a-  fmall  infedl  common  in  many  feas,'  parti- 
cularly on  the  coaft  of  Normandy,  in  June,  July,  and 
Auguft.  They  then  cover  the  whole  furface  of  the 
water  as  a imn.  And  this  is  the  feafon  when  the  her- 
rings come  alfo  in  fuch  prodigious  quantities.  The 
fifbermen  deftroy  much  of  thefe  vermin  ; yet  to  thefe" 
alone  their  fifheries  are  owing.  For  it  is  evident  the 
Herrings  feed  on  thefe  by  the  quantities  found  in  all 
their  ftomachs.  And  doubtlefs,  the  very  reafon  of 
their  coming  is  to  feed  upon  them.  Probably  the  cafe" 
is  the  fame  in  all  other  places,  whier-e  the  herrings  come" 
m the  fame  plenty.- 

The  numberlefs  fwarms  of  herrings,  codi  and  other 
fifh,  . that  come  forth  yearly  from  their  fhelter,  under 
the  ice  adjoining,  to  the  north  pole,  divide  themfelves 
into  three:  bodies,;  One  part  dirert  their  courfe  fouth- 
Ward,  towards  the  Britifh  illands:  another  part,  weft- 
ward,  to\yard  Newfoundland,  and  other  places  in' 
North-America : and  the  third  part  along  the  coaft 
of  .Norway,  and  then  through  the  Sound  into  the. 
Baltic. 
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The  water,  though  quite  ftill  before,  curls  up  in 
waves  wherever  they  come.  They  crowd  together  in 
fuch  numbers,  that  they  may  be  taken  up  by  pailfulls. 

A large  fhoal  of  herrings,  reaches  (according  to 
the  fishermen’s  account)  a hundred  or  two  hundred 
fathoms  deep.  They  extend  alfo  to  a confiderable  cir- 
cumference. Were  they  all  to  be  caught,  the  greateft 
part  would  be  loft.  For  it  would  be  impoffible  to  get 
hands,  tubs,  fait,  and  other  neceffaries  to  cure  them. 
Several  hundred  fhip-loads  are  fent  every  year  from 
Bergen  alone  to  foreign  parts : befides  the  quantities 
that  the  peafants  at  home  confume,  who  make  them 
their  daily  provificn. 

The  fifhers  on  the  weftein  ifles  of  Scotland  obferve, 
that  there  is  a large  herring,  double  the  fize  of  a com- 
mon one,  which  leads  all  that  are  in  the  bay,  the  fhoal 
following  him  wherever  he  goes.  This  leader  they 
term  the  king  of  herrings  : and  when  they  chance  to 
catch  it  alive,  they  drop  it  carefully  into  the  fea,  judg- 
ing it  petty  treafon  to  deftroy  a fifh  of  that  name. 

Mackrels  come  in  the  fame  numbers  at  certain  times 
of  the  year  ; and  for  the  fame  reafon.  They  are  par- 
ticularly fond  of  a fea-plant,  the  narrow-leaved,  pur- 
ple fea-wick,  which  abounds  on  the  coafts  of  England ; 
and  is  in  its  greateft  perfection  in  the  ^ginning  of 
fummer : though  at  fometimes  later  th«m  other,  ^ac- 
cording to  the  feverity  or  mildnefs  of  the  winter. 

The  chief  occafxon  of  their  ooming  is  to  feed  on 
this  plant.  And  thofe  who  attend  to  its  growing  up, 
would  know  when  to  expeCt  the  mackrel,  better  than 
thofe  who  liften  for  thunder.  - 

But  this  is  not  the  foie  occafion  of  their  coming. 
The  real  truth  is  this.  The  fea  near  the  pole  is  the 
native  country  of  all  fifh  of  paffage.  The  ice  which 
continually  covers  that  fea,  affords  them  a fafe  retreat. 
Large,  voracious  filh,  want  a free  air  for  perforation, 
and  cannot  purfue  the  fmaller  fort  into  their  fanc- 
tuaties,  where  they  multiply  fo  prodigioufly,  that  at 
length  for  want  of  fubfiftence,  they  are  forced  to»quit 
their  retreat.  The  large  fifh  wait  for  them  at  the  ex- 
tremity of  the  ice.  They  devour  all  they  can  catch, 
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pffcy  pouf  dowh  upon  them  from  all  quarters;  Tncon- 
fequence  of  this  perfecution  tlteir  niarch  is  always  in’_ 
Columns,  which  are  commonly  as  thick  as  they  are 
broad.  With  regard  to  the  herrings*  they  quit  the 
tee  in  the  beginning  of  the  year.  But  the  prodigious5 
column  which  they  form  foon  divides  into-  two  wings.- 
The  right  moves  weft  ward,  io  as  to  be  near  Iceland  in 
the  month  of  March.  The  left  bends  its  cotirfe  eafterljy 
and  comes  down  the  north  fea  to  a certain  latitude* 
where  it  divides  into  two  other  wings,  the  eaftern-moft 
of  which  coafts  along  Norway^  Hence  it  fends  off 
one  divifion,  by  the  ftrait  of  the  Sound,'  into  thC  Bal» 
tic,  another  towards  the  country  of  Holftein,  Bremen, 
3tc.  and  thence  into  the  ZuderzeC.  Tlie  weftern  wing, 
which  is  the  largeft,  falls  dire&Ey  upon  the  ifles  of 
Shetland  and  the  Orkneys.  And  thither  the  Dutch1 
go  to  wait  their  coming.  ' All  that  efcape  thefe  dex>‘ 
terous  filhers,  go  on  to  Scotland,  and  dividing  again 
into  two  columns,  one  paffes  to  the  e£ft  of  that  king-* 
dom,  and  goes  round*  England,  detaching  numerous 
divifions  to  the  coafts  of  Friefland, -Holland,  Zealand, 
Flanders,  and  France,-  white  the  other  moves  to  the 
weftward  of  Scotland  and  Ireland*  The  remains  of 
the  whole  weftern  wing,  which  have.efcaped  the  nets 
of  the  filhers,  and  the  voracity  of*  other  fifh  and  fowl, 
having  at  length  rallied  in  the  channel,  the  column  is 
formed  anew ; and*  then  iffues  into  the  ocean  : from 
which  (without  fhewing  itfeif  again  on  the  coaft)  it' 
regains,  like  the  remains  of  the  firft  weftern  wjng^ 
which  had  not  travelled  fo  far,  the  polar  tee,  at  the 
approach  of  winter.  And  under  the  protection  of 
this,  the  lcrfs  is  repaired,  which  the  fpecies  had  fuffered 
fince  they  left  it.  ' 

Thus  does  the  divine  wifdom  fupply  many  thoufands* 
of  men  with  food,  as  well  as  numberlefs  other  ani- 
mals ; and  yet  prevent  any  decay  of  that  neceflary  pro-* 
vifion,  which  is  continually  confumed  and  as  conftantly 
recruited.-  n 

. i 

The  tunnies  come  in  equal  fhoals  at-  certain  feafons^ 
to  the  coafts  of  Provence  and  Languedoc,  but  it  is  on 
another  occafion.  The  fifh  called  by  the  French,  the 
Emperor,  is  the  great  enemy,  of  thefe  fifh.  He  is  in 
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i'ummer  fo  plentiful  in  thole  feas,  that  they  cannot 
efcape  him  by  flying  to  the  {hallow  waters. 

The  pilchards  catched  on  the  coaft  of  Brittany,  are 
Hill  a ftronger  proof,  of  the  natural  means  that  bring 
fifli  in  fhoals  to  certain  places.  v The  people  of  Brit- 
tany purchafe  from  Norway,  the  offals  and  entrails  of 
all  the  large  fifli  caught  there.  Thefe  they  cut  in 
pieces,  and  ftraw  in  vaft  quantities  on  the  fea  along  the 
coafts.  This  always  brings  thither  fhoals  of  pilchards, 
enough  to  fupply  all  the  maritime  places  in  the  neigh- 
bourhood. 


v. 


Thefalmon  (bred  both  in  the  fea,  and  in  rivers)  is 
another  fifli,  which  comes  in  fhoals  at  certain  times. 
But  this  is  on  another  occafion.  The  female  falmon 
chiefly  ejedts  her  roe  at  the  mouth  of  rivers,  in  fhallow 
water-  The  male  comes  prefently  after,  keeps  other 
fifh  from  devouring  it,  and  calls  his  fperm  upon  the 
roe.  They  are  in  . great  plenty  from  the  middle -of 
April  till  the  middle  of  July  ; at  which  time  alfo  they 
come  in  fhoals  into  the  rivers,  partly  to  refrefh  them- 
felves  in  frefh  water,  and  partly  to  rub  or  wafh  off  in' 
the  flrong  currents,  a greenilh  vermin  called  falmon 
lice  y infedts  wifely  defigned  by  the  Creator,  to  drive 
this  r ich  and  valuable  fiili  into  the  hands  of  men. 

. The  falmon  when  they  are  going  up  the  rivers  out 
of  the  fea,  always  fwim  as  near  the  bottom  as . they 
tan.  And  on  the  contrary,  when  they  are  going  down 
them  into  the  fea,  they  always  fwim  near  the  furface. 
The  reafon  is,  in  going  up,jthey  fwim  againft  the  cur- 
rent, which  always  runs  fwifteft  at  the  furface.  "When 
they  are  going  down  on  the  furface,  the  current  alone 
is  fufficient  to  carry  them. 

. At  Leixlip,  feven  miles  from  Dublin,  there  is  a fine 
water-fall,  or  falmon-leap,  fo  called  from  thenumber- 
lefs  falmon  which  leap  up  it,  at  the  feafon  of  the  year 
for  fpawning.  When  they  come  to  the  foot  of  the 
fall,  you  may  obferve  them  , frequently  to  leap  up  juft 
above  the  water,  as  if  to  make  an  ©bfervaticn  of  the 
diftance.  Soon  after  they  leap  up  again,  with  an  at- 
tempt to  gain  the  top,  and  perhaps  rife  near  it  ; but 
the  falling  water  drives  them  down  again;  The  fame 
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fifti  foon  fprings  up  again,  and  rifes  above  the  fall: 
yet  this  is  equally  imfuccefsftil,  for  dropping  with  their 
broadfides  on  the  rapid  curvature  on  the  waters,  they 
are  thrown  back  again  headlong.  The  only  method 
of  fucceeding  in  their  attempt,  is  to  dart  their  heads 
into  the  water,  in  its  firft  curvature  over  the  rocks. 
By  this  means  they  firft  make  a lodgment  on  the  top 
of  the  rock  for  a few  moments,  and  then  feud  up  the 
ftream.  There  feems  to  be  a peculiar  inftinCt  in  them, 
to  aim  at  this  very  point ; for' the  force  of  the  ftrearit) 
on  the  top  of  the  precipice,  is  lefs  at  the  bottom,  clofe 
to  the  rock  titan  on  the-furface.  It  is  almoft  incredi-- 
ble,  the  height  to  which  they  will  leap,  they  frequent-' 
if  leap  near  twenty  feet.  The  manner  of  their  doing 
if  is,  by  bending  their  tails  - round,  almoft  to  their 
heads  ; it  is  then  by  the  ftrong  re-aaion  of  their  tails- 
againft  the  Water,  that  they,  fpring  f®  much  above  it. 

‘ 13.  One  particular  inftatfee  of  the  divine  care,  is  ob- 
fervable  in  the  turbot.  He  is  not  well  able  to  fwim,* 
efpecially  in  ftormv  weather.  He  muft'  then  ke  epat 
the  bottom,  and  ftick  in  the  land.-  And  for  that  rea- - 
fon  he  is  provided,  with  a fk-in  or  membrane  which 
he  draws  over  his  eyes,  to  keep  the  fand  out  of  them/ 

^(jrt  - 

Whales  are  as  many  degrees  raifed  above  other 
fifties  in  their  nature,  as  they  are  in  their  fize.-  They 
refemble  beafts  in  their  natural  ftruCture,  and  in  fome 
of  their  appetires  and  affections.  They  have  lungs,  a 
midriff,  a .ftbmach,  inteftines,  liver,  fpleen,  bladder,, 
and  parts  of  generation  like  beafts.  Their  heart  alfo 
refembles  that  of  beafts,  driving  red  and  warm  blood' 
ih  circulation.,  tbrpngh  the  body. . '* 

As  thele  animals  breathe  the  air,  they  cannot  bear 
tb  be  long  under  water.  They  are  conftrained,  every 
two  or  three  minutes;  to  co‘me  up  to  the  furface  to 
take  breath,  as  well  as  to  fpbut  out  through  their  nof-- 
tril  (for  they  have  but  one),  the  water  which  they 
fucked  in.  while  gaping  for  their  prey. 

The  fenfes  of  thefe  animals  feem  alfo  fuperior  to 
thofe  of  other  fifties.  The  eyes -of  other  fifties  are  co- 
vered only  with  that  tranfparent  fkin  that  covers  tb®,- 
teft  of  the  head ; but  in  all  the  cetaceous  kinds,  they 
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are  covered  by  eye-lids  as  in  man.  This  keeps  that 
organ  in  a more  perfect  Hate,’  by  giving  it  intervals  of 
relaxation.  The  other  fifhes,  whofeeyes  are  very  flaring, 
muft  fee,  if  for  no  other  reafon,4’  more  feebly,  as  their 
organs  of  fight  are  always  exerted. 

As  for  hearing,  they  are  furnifhed  with  the  internal 
inftruments  of  the  ear,  although  the  external  orifice 
tio  where  appears.  It  is  probable,  this  orifice  may 
open  by  fome  canal  into  the  mouth  j but  this  has  not 
as  yet  been  difcovered.  •' ‘ 

It  is  likely,  that  all  animals  of  the  kind  can  hear,  as 
they  certainly  utter  founds  to  each  other.  This  vocal 
power  would  be  as  needlefs  to  animals  naturally  deaf, 
as  glafles  to  a man  that  was  blind. 

But  it  is  in  the  circumftances  in  which  they  continue 
their  kind,  that  thefe  animals  fhew  an  eminent  fupe- 
riority.  Other  filh  depofit  their  fpawn,  and  leave  the 
fuccefs  to  accident ; thefe  never  produce  above  one 
young,  or  two  at  themoft ; and  this  the  female  fuckles 
entirely  in  the  manner  of  quadrupedes,  her  breafts 
being  placed  as  in  the  human-kind. 

In  fifhes  of  the  whale-kind,  the  tail  has  a different 
pofition  from  what  it  has  in  all  other  fifhes.  For 
whereas  in  thefe  it  is  erecfied  perpendicular  to  the  ho- 
rizon, in  them  it  lies  parallel  thereto  ; partly  to  fup- 
ply  the  ufe  of  the  hinder  pair  of  fins,  which  thefe 
creatures  have  not,  and  partly  that  they  may  be  able 
to  raife  or  deprefs  their  body  at  pleafure.  For  it  be- 
ing neceffary  they  fhould  frequently  come  to  the  top 
®f  the  water,  to  take  in,  or  let  out  the  air,  they  are 
provided  with  an  organ  to  facilitate  their, afcent  and 
defcent  as  they  have  occafion.  And  as  for  turning 
their  bodies  in  the  water,  they  perform  that  as  birds 
do  ; by  ftrongly  moving  one  of  their  fins,  while  the 
other  is  quiefcent. 

The  Norway  whale  is  frequently  fixty  or  feventy 
feet  long.  His  fhape  pretty  much  refembles  that  of  a 
cod he  has  a large  head,  and  fmall  eyes  in  propor- 
tion. On  the  top  of  the  head  are  two  openings, 
through  which  he  fpouts  out  the  water  (which  he  take;s 
in,  as  he  breathes)  like  a large  fountain,  which  makes 

a violent  noife.  4 ' f 7 
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His  fkirt  is  Smooth  and  not  very  thick.  The  colour 
vf  his  back  is  dark  and  marbled.  His  belly  is  white.* 
His  throat  is  very  narrow,  in  proportion  to  his  fize.— . 
Under  his  backbone  lies  a long  bladder,  which  he  dw 
dates  or  contrads  as  he  pleafes.  He  rows  himfelf  with 
his  taiL  They  copulate  after  the  manner  of  land? 
animals.  7 T 

The  female  brings  forth  but  one  or  two  at  a birth,  at’ 
which  time  they  are  nine  or  ten -feet  long.  They  fuck 
for  fome  time  : when  they  are  tired  with  fwimming,- 
Hie  carries  them  between  her  great  fins.-  Under  the 
fkin  lies  the  blubber  or  fat.  Its  uftial  thicknefs  is  about 
j fix  inches  : but  about  the  under  lip  it  is  found  two  or 
three  feet  thicks  Out  of  this  the  oil  is  extracted.  One 
whale  ordinarily  yields  forty  or  fifty,  fcmetimes  eighty 
or  ninety  hundred^  weight. 

The  ufe  of  blubber  feems  to  be,  partly  to  poife  the 
body  and  make  it  equiponderant  to  the  water  ; partly 
to  keep  the  water  at  a diftairce  from  the  blood,  left  it 
fhould  be  chilled  by  its  immediate  contad  y and  paru 
ly  to  keep  the  fifh  warm,  by  refleding  the  hot  fleams 
of  the  body,  and  fo  redoubling  the  heatt 

Under  the  fat  is  the  flefh  of  a reddifti  colour.  TheW 
general  food,  is  certain  fmall  mfed%  which  float  upon 
the  water,  in  great  heaps,  and  are  no  larger  than  flies.- 
But  they  likewife  eat  various  forts  of  fmall  fifh,  parti- 
cularly herrings,.  which  they  drive  together  in  large 
fhoals,  and  then  fwallow  vaft  quantities  at  a time. — * J 
The  whale  commonly  goes  under  the  (hoal ; then 
opens  his  mouth  and  fucks  in  all  he  can.  Sometimes  ' ■? 
he  fwallows  fo  many,  that  he  is  ready  to  burft,  and  feta  • 
.up  a hideous  roar. 

But  he  is  far  more  troubled  by  a flender  fifh  about 
four  feet  long,  which  tears  great  pieces  of  flefh  out  of 
him.  The  whale  then  not  only  makes  a frightful  noife, 
but  often  leaps-a  confiderable  height.  In  thefe  leaps 
he  fometimes  raifes  himfelf  perpendicular  above  the 
furface  of  the  water,  and  then  plunges  himfelf  down 
with  fuch  violence,  that  if  his  head  ftrikes  any  of  the 
hidden  rocks  that  are  in  the  fhallows*  he  fradures  his 
fcull,  and  comes  inftantly  floatmg  up  dead.  So  that  * 
.there  is  no  creature  in  the  worm  fo  great  or  ftrong  fo 
as  to  be  exempt  from  calamities  ! 

The 
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The  wh aleb one-wh ale  is  about  feventy  feet  long,  and 
very  bulky,  haying -fcales,  and  no  fins,  but  only  one 
err  each  fide,  from  five  to  eight  feet  long. 

The  fpermaceti  whale  is  much  of  the  fame  dimen- 
sions. The  fperrhaceti  oil  lies  in  a great  trunk,  four 
Of  five  feet  deep,  and  ten  or  twelve  feet  long,  near  the 
whole  length,  breadth,  and  depth  of  the  head,  lb 
feems  to  be  no  other  than  the  brain.  Not  but  Some 
other  parts  of  the  filh  yield  an  oil  j but  not  fo  good  as 
that  in  the  trunk.  The  care  of  their  young  is  remark- 
able : while  they  carry  them  under  water,  they  often 
fife  for  the  benefit  of  the  air.  . Whenever  they  are  chafi* 
ed  or  wounded,  as  long  as  they  have  fenfe,  and  per- 
ceive life  in  their  young,  they  will  not  leave  them,  and 
if  in  their  flying  the  young  one  drops  off,  the  dam 
"S  * comes  about,  and  palling  underneath  takes  it  again.  ' 

Whales  are  gregarious,  being  fortietimes  found  a 
hundred  in  a fwartn,  and  are  great  travellers.  In 
autuftm  the  whalebone-whales  go  weft-ward--:  in  fpring 
Call- ward  again.  The  feveral  kind  of  whales  do  not 
ftir  with  each  other,  but  each  keep  by  themfelves. 

Their  wonderful  ftrength  lies  chiefly  in  the  tail.  A 
->*  jat  has  been  cut  down  from  the  top  to  the  bottom  by 
the  tail  of  a whale,  and  the  clapboards  entirely  fplin- 
tered,  though  the  gunnel  on  the  top  was  of  tough 
Wood.  Another  has  had  the  ftem-poft,  three  inches 
thick,  cut  off  fmooth  without  fo  much  as  {battering 
tire  boat,  or  drawing  the  nails  of  the  boards. 

It  is  commonly  fuppofed,  that  all  fifties  are  mute, 
as  well  as  void  of  hearing.  But  a late  author  fays, 
there  is  one  kind  of  whale,  that  when  they  are  fttuck 
- coar  fo  loud  as  to  be  heard  two  miles.  He  likewisfe 
afferts,  that  feme  of  them  have  hearing,  al  have  frogs, 
fhakes,  and  all  the  lizard-kind,  though  they  have  not 
the  ufual  outward  apparatus  of  hearing.  • But  they 
have  the  auditory  paflage,  by  which  found  is  convey- 
ed, and  internal  organs,  to  which  the  meatus  auditO- 
Cius  reaches.  This  is  obfervable  in  all  the  whale-kind, 
and  in  all  fifties  that  have  lungs.  And  whereas  fome 
have  fuppofed,  that  water  cannot  tranfmit  found,  the 
Contrary  of  this  is  now  well-known.  Many  experi- 
ments have  ihewn,  that  even  a man  under  water  may 
hear  what  is  Jpokea  in  the  open  air. 
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The  hippopotamos,  or  rivef-horfe,  is  above  feven- 
teen  feet  long  from  the  ftiburt,  to  the  infertion  of  the 
tail ; above  feven  feet  in  circumference  round  the  bo- 
dy, and  above  feven  feet  high : the  head  is  near  four 
feet  long,  and  above  nine  feet  in  circumference.  The  * 
jaws  open  about  two  feet  wide,  and  the  cutting  teeth, 
of  which  it  hath  four  in  each  jaw,  are  above  a foot 
long. 

Its  feet  refemble  tfeofe  of  the  elephant,  and  are  di- 
vided into  fditr  parts*  The  tail  is  fhort,  flat,  and 
pointed  ; the  hide  is  impenetrable  to  the  blow  of  a 
fabre  ; the  body  Is  covered  over  with  a few  fcattered 
hairs  of  a whitffli  colour.  The  figure  of  the  animal 
is  between  that  of  an  ox  and  a bog,  and  its  cry  be- 
tween the  bellowing  of  the  one,  and  the  grunting  of 
the  other. 

It  chiefly  refides  at  the  bottom  of  the  great  rivers 
and  lakes  of  Africa;  the  Nile,  the  Niger,  and  the 
Zara  ; there  it  leads  an  indolent  life,  feldom  difpofed 
for  a except  when  exerted  by  the  calk  of  hunger. 
Upon  fuch  occafions,  three  or  four  of  them  are  often 
feen  at  the  bottom  of  a river,  forming  a kind  of  line, 
and  feizing  upoiv  fuch  fifh  as  are  forced  down  by  the 
violence  of  the  ftream.  In  that  element  they  purfue 
their  prey  with  great  fwiftnefs  and  perfeverance  ; they 
fwim  with  much  force*  and  remain  at  the  bottom  for 
thirty  bt  forty  minutes  without  rifmg  to  take  breath. 
They  traverfe  the  bottom  of  the  ftream,  as  if  walking 
upon  land.  But  it  often  happens,  that  his  fifty  food 
H not  fupplied  in  fufficient  abundance ; it  is  then  forced 
to  come  upon  land,  where  it  is  an  aukward  and  unweild- 
ly  ftr anger ; it  moves  bvdMfdpi  yet  k co  nOnits  dread- 
ful havoc  among  the  plantations  of  the  helplefs  na- 
tives* who  fee  their  poflfeflions  deftroyed,  without  dar- 
ing to  refift  their  invader*  Their  chief  method  is,  by 
lighting  fires,  ftrflting  drums,  and  railing  a cry  to 
frighten it  back  to its favourite  element.  But  if  they 
happen  to  wound  it,  it  then  becomes  formidable  to  all 
that  oppofe  it : overturning  whatever  it  meets.  It 
poffeffes  the  ftpne  inoffenfive  difpolitibn  in  its  favourite 
element,  that  it  is  found  to  have  upoh  land ; it  never 
attacks  the  mariners  in  their  boats,  as  they  go  up  or 
down  the  ftream  j butfhouki  they  inadvertently  ftrike 
- #-  ■*  * againtl 
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againft  it,  there  is  much  danger  of  its  fending  them, 
at  once,  to  the  bottom,  “ I have  feen,  fays  a mariner, 
one  of  thefe  animals  open  its  jaws,  and  feizing  a boat 
between  his  teeth,  at  once,  bite  and  fink  it  to  the  bot- 
tom. I have  feen  it  upon  another  occafion,  place  it- 
felf  under  one  of  our  boats,  and  rifing  under  it,  over- 
fet  it  with  fix  meir  which  were  in  it who,  however, 
happily  received  no  other  injury.”  Such  is  the  great 
ftrength  of  this  animal : and  from  hence,  probably, 
the  imagination  has  been  willing  to  match  it  in  combat 
againft  others  more  fierce  and  equally  formidable. 
The  crocodile  and  fhark  have  been  laid  to  engage  with 
it,  and  yield  an  eafy  vittory  , bnt  as  the  ihark  is  only 
found  at  lea,  and  the  hippopotamos  sever  ventures  be- 
yond the  mouth  of  frefh  water  rivers,  it  is  moft  pro- 
bable that  thefe  engagements  never  occurred  ; it  fome- 
times  happens,  indeed,  that  the  princes  of  Africa, 
amufe  themfelves  with  combats,  on  their  frefh-water 
lakes,  between  this  and  other  formidable  animals , 
but  whether  the  rhinoceros  or  the  crocodile  are  of  this 
number,  we  have  not  been  particularly  informed.  If 
this  animal  be  attacked  at  land,  and  finds  itfeli  incapa- 
ble of  vengeance,  from  the  fwiftnefs  of  its  enemy,  it 
immediately  returns  to  the  river,  where  it  plunges  in 
head  foremoft,  and  after  a fhort  time  rifes  to  the  fur- 
face,  loudly  bellowing,  either  to  invite  or  intimidate 
the  enemy ; but  though  the  negroes-  will  venture  to 
attack  the  Ihark,  or  the  crocodile,  in  their  natural 
element,  and  their  deftroy  them,  they  are  too  well 
apprized  of  the  force  of  the  hippopotamos  to  engage 
•it ; this  animal,  therefore,  continues  the  uncontrolled 
•matter  of  the  river,  and  all  others  fly  from  ks  approach  • 
•#<<  become  an  eafy  prey. 

*•"  As  the  hippopotamos  lives  upon  fifti  and  vegetables, 
jfo  it  is  probable  the  flefh  .of  terreftrial  animals  may  be'1 
equally  grateful:  the  natives  of  Africa  aflert,  that  it 
has  often  been  found  to  devour  children  and-  other 
creatures  that  it  was  able  to  fiirprife  upon  land  ; yet 
as  it  moves  but  flowly,  almoft  every  creature,  endued 
with  a common  {hare  of  fwiftnefs,  is  able  to  efcape  it ; 
and  this  animal,  therefore,  feldom  ventures  from  the 


•river  fide,  but  when  prefled  by  the  neceifities  of  hun- 
ger, or  of  bringing  forth  its  young. 
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The  female  always  comes  upon  land  to  bring  forth, 
and  it  is  fuppofed  that  ftiefeldom  produces  above  one 
at  a time;  upon  this  occafion,  thefe  animals  are  par- 
ticularly timorous,  and  dread  the  approach  of  a terref- 
trial  enemy  ; the  iifft  ant  the  parent  hears  the  flighted 
noife,  it  daflies  into  the  ftream,  and  the  young  one  is 
feen  to  follow  it  with  equal  alacrity. 

The  young  ones  are  faid  to  be  excellent  eating  ; but 
the  negroes,  to  whom  nothing  that  has  life  comes  amifs, 
find  an  equal  delicacy  in  the  bid.  Dr.  Pocock  has  feen 
their  flefH  fold  in  the  fliambles,  like  beef ; aiird  it  is  faid, 
that  their  bread,  in  particular,  is  as  delicate  eating  as 
veal.  Thefe  animals  are  found  in  great  number,  and 
as  they  produce  very  faft,  their  flefh  might  fupply 
the  countries  where  they  are  found,  could  thofe  bar- 
barous regions  produce  more  expert  huntfmen.  But 
this  creature,  which  once  was  in  fuch  plenty  at  the 
jnouth  of  the  Nile,  is  now  wholly  unknown  in  Lower 
Egypt,  and  is  no  where  to  be  found  in  that  river, 
except  above  the  catara&s. 

One  can  hardly  tell  whether  to  rank  him  among 
land  or  water  animals.  He  deeps  on  land,  but  paflTes 
almoft  all  the  reft  of  his  time  under  water.  He  has  to 
feed  under  water,  yet  is  the  mod  unweildly  of  all 
creatures, . and  cannot  fwim  at  all.  He  comes  out  of 
the  water  in  an  evening  to  lleep  : and  when  he  goes 
in  again,  he  walks  very  deliberately  in  overhead,  and 
purfues  his  courfe  along  the  bottom,  as  eafy  and  un- 
concerned as  if  it  were  the  open  air.  The  rivers  he 
^ moft  frequents  are  very  deep,  and  where  they  are  clear, 
this  affords  an  aftonifliing  fight. 

An  animal  of  this  fizeand  make,  muft  be  one  of  the 
ftrongeft  in  the  world.  It  therefore  required  from  n&- 
< ture  no  fwiftnefs,  either  to  avoid  purfuit,  or  to  over- 
take its  prey,  as  it  was  defigned  to  feed  chiefly  on  ve- 
getables. The  manner  of  its  feeding  on  them  is  this.. 
When  he  walks  into  a river,  he  ifeldom  looks  about  till 
he  is  near  the  middle.  Here  he  feeks  for  the  larger 
water-herbs,  particularly  for  the  root  of  a large  water* 
lilly.  People  from  a boat  on  the  furface  frequently  fee 
this.  He  roots  up  thefe  with  his  nofe,  like  a hog,  and 
his  mouth  and  throat  being  very  wide,  fwallows  them 
up  in  vaft  fiaorfels  half  chewed* 
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But  he  has  frequently  occafion  to  breathe : in  order 
to  which,  when  feeding  at  his  eafe,-his  cuftom  is,  every 
thirty  or  forty  minutes,  to  rife  to  the  furface  of  the 
Water.  This  he  does,  by  a fpring  from  the  bottom,, 
made  with  all  his  feet  at  once.  Having  taken  a little- 
freih  air,  and  looked  about  him,  he  drops  to  the  bot- 
tom again, 

Of  all  the  inhabitants  of  the  deep;  thofe  of  the  * 
fh ark-kind  are- the  moft  voracious.  The  fmalleft  of 
this  tribe  is  not  lefs  dreaded  by  greater  fifh,  than  many 
that  feem  more  powerful ; nor  do  any  of  them  feem 
fearful  of  attacking  animals  far  above:  their  fize.  But 
the  great  white  (hark  joins  to  the  moft  amazing  rapi- 
dity, the  ftrongeft  appetite?-  for  mifchief  r as  he  ap- 
proaches nearly  in  fize  to  the  whale,  he  fax  fiqrpaifes 
him  in  ftrength  and  celerity,  in  the  formidable  arrange- 
ment of  his  teeth,  and  his  infatiable  defire  of  plunder. 

The  white  {hark  is  found  from  twenty  to  thirty  feet 
long.  Some  aflert,  that  they  have  feen  them  of  four 
thoufand  pounds  weight.  The  mouth  is  enormouily 
wide?  as  is  the  throat,  and-  capable  of  fwallowing  a; 
man  with  great  eafe.  But  its  furniture  of  teeth  is  ftill 
more  terrible  : of  thefe  there  are  fix  rows,-  extremely; 
hard,  (harp-pointed,  and  of  a wedge-like  figure.  It 
is  aflerted,  there  are  feventy-two  in  each  jaw,  one  hun- 
dred and  forty-four  in  the  whole.  With  thefe  the  jaws 
both  above  and  below  are  planted  all  over,  but  he  has- 
a power  of  erefting  or  depreffing  them  at  pleafure. 
When  the  (bark  is  at  reft,  they  lie  quite  flat  in  the 
mouth : but  when  he  prepares  to  feize  his  prey,  he 
ere&s  all  this  dreadful  apparatus,-  and  the  animal  he 
feizes,  dies  pierced  with  a hundred  wounds  m a moment.  - 

His  (kin  is  rough,  hard,  and  prickly,  being  that  fubf* 
fiance  which  covers  inftrument-cafes,  called  fhagreen. 

No  fifh  can  fwim  fo  faft  as  he  y he  outftrips  the 
fwifteft  (hips,  plays  round  them,  darts  out  before.them, 
and  returns  to  gaze  at  the  paflengers.  Such  amazing 
powers,  with  fuch  great  appetites  for  deftru&ion,  would 
quickly  unpeople  even  the  ocean  : but  providentially 
file  fhark’s  upper  jaw  proje&s  fo  far  above  the  lowers 
that  he  is  obliged  to  turn  on  one  fide  (not  on  his  back*- 
as  is  generally  fuppofed)  to  feize  las -prey.  As  this 
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takes  fome  fmall  time  to  perform,  the  animal  purfued 
often  feizes  that  opportunity  to  efeape.  - * 

.Tortoifes  are  commonly  known  to  live  more  than 
eighty  years  ; and  there  was  one  kept  in  the  archbifhop 
of  Canterbury’s  garden,  at  Lambeth,  that  was  remem- 
bered above  a hundred  and  twenty.  It  was  at  laft 
killed  by  the  feverity  of  a froft,  in  its  winter  retreat, 
which  was  a heap  of  fand,  at  the  bottom  of  the  garden. 

The  young  tortoifes  are  generally  excluded  in  about 
twenty-fix  days»  The  little  animals  no  fooner  leave 
the  egg  than  they  feek  for  their  provifion,  and  their 
fhell,  with  which  they  are  covered  from  the  beginning* 
expands  and  grows  larger  with  age.  As  it  is  com- 
ppfed  of  a variety  of  pieces,  they  are  capable  of  ex- 
tenfion  at  their  futures,  and  the  fhell  admits  of  increafe 
in  every  direction.  It  is  otherwife  with  thofe  ani- 
mals, whofe  ftiell  is  compofed  all  of  one  piece*  that 
admits  of  no  increafe  ; which,  when  the  tenant  is  too 
big  for  the  habitation*  muft  bur  ft  the  fhell,  and  get 
another.  But  the  covering  of  the  tortoife  grows  larger 
in  proportion  as  the  interior  parts  expand ; in  fome 
meafure  refembling  the  growth  of  the  human  fcull*, 
which  is  compofed  of  a number  of  bones,  increafing 
in  fize,  in  proportion  to  the  quantity  of  the  brain.  All 
tortoifes,  therefore,  as  they  never  change  their  fhell* 
muft  have  it  formed  in  pieces : and  though  in  fome 
thefe  marks,  have  not  been  attended  to*  yet  doubtlefs 
they  are  general  to  the  whole  tribe. 

It  is  of  different  magnitudes,  according  to  it*  dif- 
ferent kinds  ; fome  turtles  being  not  above  fifty  pounds 
weight,  and  fome  above  eight  hundred. 

♦ The  great  mediterranean  turtle  is  the  largeft  of  the 
turtle-kind,  with  which  we  are  acquainted.  It  is  found 
from  five  to  eight  feet  long*  and  from  fix  to  nine  hun- 
dred pounds  weight. 

All  tortoifes  having  fmall  and  weak  feet*  are  exceed- 
ing flow  in  their  motions*  They  have  neither  tongue 
nor  teeth*  nor  any  offenfive  weapon.  How  then  can 
they  take,  how  can  they  chew,,  or  in  any  degree  com- 
minute their  food  ? This  is  well  provided  for : they 
break  not  only  fhells,  but  fometimes  even  ftones  with 
their  lips  ; which  by  their  exeeffive  bardnefs  effectually 
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fttpply  the  Want  df  teeth.  But  how  can  they  defend?1 
themfelves  ? Abundant  provifion  is  rftade  for  this  alfo.- 
Their  fhells  more  than  cover  the  whole  body,  and  are" 
of  fo  firm  a texture,  that  a loaded  waggon  may  ga' 
over  them,  without  any  injmyeither  to  thefttell  or  the" 
creature  within  it. 

The  blood  of  tortoifes  is  colder  than  any  common 
fpring  water:  yet  is  the  beating  of  the  heart  as  vigo^ 
rous  as  that  of  any  animal,* and  the  arteries- as  firm  as* 
thole*  of  any  creature. 

There  is  fomething  highly*  remarkable  in  the  change-' 
of  tadpoles  into  frogs  ; but  there  is  ftill  fomething- 
more  remarkable  in  the  frog-fifti.  Thefe  are  found  in  * 
great' numbers  in  the  river  Surinam.  At  firft  they  are  ■ 
perfect  frogs,  they1  are  fpotted  with  brown,  yellow,  and* 
green  ; ■ but  are  paler  on  the  belly,  their  hinder  feet  are  ^ 
webbed,  like  thofe  of  a goofe,  the  fore-feet  without 
webs.  The  firft  change  the  animal  undergoes,  is  by 
the  growing  of  a taifc  After  this  the  fofedeet  de-  * 
creaie,  and  perifti  by  degrees.  - The  decreafe  of  the" 
hinder  legs  follows#  and  at  laft  the  frog  is  changed  into  ’ 
a perfe<9r  fifb.~  ' . 

It  may  not  be  unacceptable  or  unprofitable  to  fhofe  - 
who  fee  God  even  in  his  lo weft  works,  to  add  a fhort; 
account  of  a few  more  inhabitants  of  the  waters# 
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Flying-fifti  are  very  rarely  a foot  long.  They  have* 
a pretty  large,  though ' thin  and  light  head.  The 
mouth  is  generally  open  5*  the  body  fmali,  roundifti,  * 
and  tapering  towards  the  tail  ^befides*  the  ufual  • fins,- 
they  have  under  their  necks,  three  broad  and  pretty 
long  ones,  of  a more  fubtle  ftru&ure,  nearly  as  thin 
as  a fly’s  wing,  but  ftrengthened  with  rows  of  bones.* 
On  the  back  part  of  their  neck  they  have  alfo  a flying- 
fin,  about  fix  inches  long,  quite  erefiv  And  lower 
down  the  back,  there  is  another  fborter,  T>nt  broader. 
Thefe  wings  they  ufe  to  efcape  the  purfuit  of  creatures  * 
too  powerful  for  them.  They  rife  feveral-  feet  above 
the  water,  and  fly  the  length  of  two  or  three  mufket* 
fhot.  Then  they  drop,  becaufe  their  wings  are  dry, 
which  ferve  them  no  longer  than  they  are  moift, 
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This  ink-fifli,  as  fome  call  it,'  has  a ftill  more  ex- 
traordinary way  of  efcaping  its  purfuers.  “ I have 
lately,  fays  the  Author  of  the  Natural  Hiftory  of  Nor- 
way, procured  a dried  one,  which  is  two  feet  long* 
The  body  is  almoft  round,  refembling  a fmall  bag,  and 
is  blunt  at  both  ends.  But  the  head  is  the  moft  re- 
markable part.  It  has  two  large  eyes,  and  a mouth 
like  a bird’s  beak.  Above  this  itand  eight  horns,  like 
a ftar.  Each  horn  is  o&angular,  and  covered  with 
many  fmall,  round  balls,  fomething  larger*  than  a 
pin’s  head.  On  each  fide  of  the  body  there  are  two 
fkinny  membranes,  with  which  he  can  cover  himfelf 
all  over.  The  fore-part  of  the  body  is  quite  filled  with 
a black  fluid.  When  it  is  purfued,  k difeharges  this ; 
which  colours  the  water  all  around,  and  renders  it 
invifible.  This  is  a wonderful  gift  of  nature,  for  the. 

^ prefervatron  of  an  animal,  ©therwhe  utterly  helplefs. 

The  arborefcent  ftar-fifti  is  another  of  the  curiofities 
of  nature.  It  is  upwards  of  a foot  in  diameter,  hav- 
ing its  mouth  in  the  middle.  The  figure  of  the  trank • 
is  pentangular,  and  from  the  five  angles  arife  as  many 
branches,  which  fub-divide  into.Yeveral  others,  and 
thofe  again  into  others,  that  are  lefs,  till  the  laft  are 
fcarce  thicker  than  horfe-hairs,  and  in  number  above 
a thoufand.  In  fwimming  he  fpreads  all  thefe  branches 
like  a net ; and  when  he  perceives  any  prey  within 
them,  draws  them  in  again,  and  fo  takes  them  with 
all  the  dexterity  of  a fiflierman. 

r*  - : ; j I*  V * , *;  k , • '*  • 
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• Full  as  furprifing  a creature  is  the  torpedo,  a flat 
fifh,  much  like  a thorn-back.  It  is  common  on  the 
coaft  of  Provence,  and  is  eaten  without  any  ill  effedh 
But  upon  touching  it  with  the  finger,  the  perfen  com- 
monly (though  not  always)  feels  an  unufual,  painful 
numbnefs,  which  fuddertly  feizes  him  up  to  the  elbow, 
and  fometimes  up  to  the  fhoulder.  It  refembles,  but 
far  exceeds,  the  pain  felt  by  ftriking  the  elbow  vio- 
lently againft  a hard  body.  But  it  lafts  only  a few  mo- 
ments, and  gradually  wears  away.  If  a man  touch 
it  even  with  a flick,  he  feels  a little  of  it.  If  he  prefles 
his  hand  ftrongly  againft  it,  the  numbnefs  is  the  lefs. 
But  it  is  fo  uneafy  as  to  oblige  him,  very  fpeedily  to 

let 
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let  it  go.  Many  have  attempted  to  account  for  this; 
but  fhould  we  not  rather  honeftly  own  our  ignorance  ? 

. The  fea-nettle,  fo  called,  is  another  ftrange  produc-; 
tion  of  nature,  common,  I fuppofe,  in  all  the  nor- 
thern feas.  It  generally  fwims-  on  the  top  of  the  wa-  • 
ter,  and  is  throughout  foft,  fmooth,  and  tranfparent.- 
It  appears  to  be  a lump  of  flime  or  jelly.  But  it  co- 
heres firmly  together,  being  marked  in  the  middle  with* 
a crofs  fomewhat  like  a flower-de-luce. 

Thefe  creatures  are  blue,  white,-  or  red,  and  fome  - 
of  them  have  many  branches  underneath.  Thefe  are 
ufually  fomething  larger  than  the  common  fort,  and-; 
are  of  a dark  red.  They  all  abound  with  a con-olive’ 
ppifon,  which  if  it  drop  op -any  part  of  the  body  will 
eaufe  a fmart  and  an  inflammation,  much  like  that  ; 
produced  by  nettles.  Hence  it  has  its  name.  How.; 
ever  it  is  no  vegetable,  but  evidently  a Irving  creature.  * 
For  it  has  feniation : it  grows,-  moves  to  and  fro,-con«~ 
trails  and  extends  itfelf.  It  often  picks  up  and  devours^ 
fmall  filh,  and  is  itfelf  devoured  by  others;  , - 

„ The.  care  of  the  Creator  is  obfervable,  even  in  fo* 
iaconfiderable  a creature  as  a limpet,  a fmall  (hell-fifli,- 
which  fo  fallens  itfelf  to  the  rock,  that  fcaree  anything? 
can  unloofe  its  hold.'-  ; 

The  fact  has  long  been  known.  But  the  manner  of 
iks  faftening  itfelf,  was  not  underftood  till  very  lately. 
Its  (hell  approaches  to  the  figure  of , a cone the  bafe  ; 
of  which  is  occupied  by  a large  mufcle^  which  alone 
has  nearly  as  much  flefh  in  it,  as  the-  whole  body  of^ 
the  filh.  This  is  not  covered  by  the  {hell,,  but  ferves* 
the  creature  equally  to  move  forward  or  to  fix  itfelf  to* 
the. rock-  When  it  is  in  a ftate  of  reft,  which  is  the? 
common  cafe,  it  applies  this  mufcle  every  way  round  f 
to  the  furface  of  fome  Hone,  and  thereby  holds  itfelf 
fist  to  it  fo  firmly,  that  it  is  impoffibte  to  take  it  off 
with  the  hands.  Thofe  who  would  remove  them  are  • 
obliged  to  make  ufe  of  a knife  for  that  purpofe.  And? 
even  then  it  is  not  eafy for  on  whatfoever  fide  the 
blade  of  the  knife  attempts  to  enter,  the  filh  immedi- 
ately fixes  its  mufcle  with  double  force  to  the  ftone- 

>.  The  true  eaufe  of  his  adhefioja  is  a vifeous  juice,  a 

kind 
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land  of  glue,  thrown  out  by  this  mufcle,  which  though 
it  is  not  perceptible  <to  the  eye,  yet  it  is  eafvly  per- 
ceived by  the  touch,  for  if  immediately  after  the  re- 
moving, a limpet  from  the  ftone,  the  finger  be  applied 
• >to  the  place,  it  is  fattened  very  ftroagly  to  it,  by  means 
of  the  glue  left  there.  But  if  any  wet  have  come 
.Upon  the  ftone,  fince  the  filh  has  been  removed,  no 
yifcofity  can  be  perceived  on  it,  the  whole  fubftance  of 
the, glue  being  immediately  diftblved.  This  coniulera- 
*tion  may  lead  us  to  obfervethe  great  care  of  nature 
over  all  her  works.-  How  eminently  is  it  manifefted  in 
,thLs  little  filh  ? It  was  abfolutely  neceflary  for  ks  pro- 
fervation,  that  it  Ihimldhave  a power  of  fixing  itfetf 
to  the  ftone,  or  it  .would  have  ;been  walhed  away  by 
every  wave.  Apd  this  power  is  given  it*  hy  means  of 
■Jbat  glue  which-  fixes  it  fo  firmly.  But  when  it  is 
.fixed,  how  ihall  it  beloofed  ? This  is  equally  necefthry. 
For  if  there  be  not  fome  power  in  the  animal  itfelf,  to 
idiifolve  this  glue,  itrauft  needsperifli  for  want  pf  food* 
.when  once  nit  to  a barren  fpot.  Water  is  the  proper 
diffolvent  of  this  glue.  But  itctumot  be  the  external 
water.  This  is  kept  at  a diftance,  by  the  clofe  adhe- 
fi on  of  the  outer  rim  of  the  great  circular  mufcle.  * 
And  it  is  needful  it  ftiouleU.  elfeit  would  always  difi- 
Halve  the  glue,  as  foon  as  it  was  difcharged.  But  the  - 
under  furface  of  the  body  of  the  animal  is  covered  aji 
over  with  fmall  tubercles,  rooft  of  which  contain  Wal- 
ter. When  therefore  -it  would  move,  it  has  only  to  d»£  - 
charge  a, fmall  quantity.of  this  water,  and  the  cement 
Immediately  diffolves  anddet&it  at  liberty.  - The  other  ••  ^ 
.tubercles  doubtlefs  contain  the  vifcons  matter.  So 
that  when  the  animal  would  fix  itfelf,  .it  needs  only  to 
fqueeze  one  fet  of  its  tubercles,  and  when  it  would 
iloofe  itfelf,  the  other. 

fl4.  Upon  the  Whdle,  how  natural  are  the  reflec- 
tions, which  a late  writer  makes  on  the  inhabitants  of 
the  waters  i 

What  an  abundance  of  filh  do  the  waters  produce  ? 

In  thefe  I feem  to  difcern  nothing  but  a head  and  a. 
tail.  They  have  neither  feet  nor  hands.  Nor  have 
(hey  any  neck  : fo  that  their  head  cannot  be  turned  at 
ail*  any  other  wife  than  .by  turning  the  whole  body. 

♦ ' were 
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Were  I to  confider  their  figure  only,  I Ihould  think 
they  were  deftitute  of  all  that  was  neceflary  for  the  pre- 
fervation  of  their  life.  But  with  thefe  few  outward 
organs  the y are  more  nimble  and  dexterous,  than  if 
they  had  feveral  hands  and  feet.  And  by  the  ufe  they  * 

make  of  their  tail  and  fins,  they  are  carried  along  like 

arrows. 

But  as  almoft  all  fiflies  prey  upon  each  other,  and 
cannot  fuftain  their  own  lives,  any  other-wife  than  by 
continually  deftroying  thofe  of  their  own  fpecies,  how 
can  the  inabitants  of  the  water  fubfift  ? How  can  many 
•fpecies  efcape  • utter  deftru&ion?  God  has  guarded 
againft  this,  by  multiplying  them  in  fo  prodigious  a 
manner.  More  than  three  hundred  thoufand  eggs 
have  beencounted  in  the  roe  of  a fingle  falmon.  By 
this  means,  let  them  be  deftroyed  ever  fo  faft,  ftill 
•their  increafe  is  equal  to  their  confumpfcion. 

But  who  can  explain  how  the  inhabitants  of  the  lea 
enjoy  their  perfedt  health,  in  the  midft  of  water  fo 
loaded  with  fait  ? And  by  what  art  is  it,  that  they 
•preferve  even  there,  a.flefh  that  has  not  the  leaft  tafte 

*of*  it  ? 

. Why  do  thofe  which  are  fitteft  for  the  ufe  of  man, 
come  and  offer  themfelves  on  our  coafts  ? While  fo 
many  that  would  be  ufelefs,  if  not  pernicious,  affedh 

Temotenefs  from  us.  " -1 

- Why  do  feveral  of  them,  in  their  ftated  feafons,  run 

-up  into  our  rivers,  and  communicate  the  advantages 

^of  the  fea,  to  fuch  countries  as  are  far  diftant  from 

it  ? What  hand  conducts,  them  with  fo  much  care  and 

goodnefs,  but  thine,  O thou  Preferver  of  men  ! 

^ * * ' * ' • ■*'  - « ' ' - * - ' ’ * * * «• 

_ . n * • ^ w 

" U ‘ J J *7  - ‘ “ - '•*  t •**  . j • i ' / ; *Ml  ' V , 

t * • * wk- 


GHAP. 


i 


( 287  • ) 

€ HAP.  IV.  • 

Of  REP  TILES* 

. , i **  ■ 

I.  Of  their  Motion* 

% Of  Serpents • 

. 3.  Of  their  Brain9  Stomachy  Generation  : 

4.  Venom. 

5.  Of  fome  particular  Sorts  of  Reptiles. 

6.  IV iter  Lizards  often  change  their  Shins  e 
fL  ^Re-production  of  Parts  cut  off. 

. 8.  Of  Tape-worms.  ' 

,9*  Of  Worms  that  feed  on  Stones’. 

. f '•  4 ’ « i 

%•  TkJ  OT  far  removed  from  fifties  are  reptiles,  fo 
Jl\  named  from  their  creeping,  or  advancing  on 
,the  belly.  Many  fpecies  of  them  have  legs  and  feet, 
r but  very  ftnall  in  proportion  to  the  body.  The  e is  a 
world  . of  contrivance  Jn  their  motion.  The  whole 
body. of  the  earth- worm  fgr  inftance,  is  a chain  of  an- 
nular mnfcles,  or  rather  one  continued  fpiral  mufcle, 
- the . orbicular  fibres  .whereof  being  .contracted,  make 
..each  ring  narrower  and  longer,  by  which  means  it  is 
..  ^enabled,  like  the  worm  of  an  augre,  to  bore  its  paf- 
.fage,  into  the  earth.  Its  creeping  may  be  explained 
by  a wire,  wound  on  a . cylinder.  If  this  is  taken  off, 
* . and  one  end  extended  and  held  fafi,  it  will  bring  the 

other  near  it.  So  the  worm  having  fhot  out  its  body, 
which  is  fpiral,  takes  hold  by  its  ,fmall  feet,  and  fo 
brings  on  the  hinder  part.  Its  feet  are  placed  in  a 
^four-fold  row,  the  whole  length  of  the  worm.  With 
jthefe,  as  fo  many  hooks,  it  fattens  to  the  earth,  or 
whatever  it  creeps  over,  fometimes  this,  fometimes 
. that  part  of  the  body,  and  ftrefcches  out,  or  draws  after 
it  another. 

% The  mod  eminent  fpecies  of  reptile^  are  lerpents, 
which  we  may  therefore  particularly  consider.  Their 
^bodies  are  of  a very  peculiar  make,  having  a com- 
pages  of  bones  articulated  together.  Here  part  of 
the  body  is  applied  fo  the  ground,  and  the  other  part 
ihot  forward,  which  being  applied  to  the  ground  in 
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its  turn,  brings  the  other  after  it.  The  fpine  of  their 
back  varioufiy  ’writhed,  helps  their  leaping,  (as  the 
joints  of  the  feet  in  other  animals.)  They  make  their 
leaps  by  means  ©f  the  mufcles  that  extend  the  folds 
thereof. 

The  number  of  joints  in  the  back-bone  are  numerous 
beyond  what  any  one  would  imagine.  In  the  gene- 
rality of  -quadrupeds  they  amount  to  not  above  thirty 
or  forty.  In  the  ferpent-kind,  they  amount  to  a hun- 
dred and  forty-five  from  the  head  to  the  vent,  and 
twenty-five  more  from  that  to  the  tail.  The  number 
of  thefe  joints  mu  ft  give  the  back-bone  a furprifmg  de- 
gree of  pliancy : but  this  is  ftill  increaled  by  the  man- 
ner in  which  each  of  thefe  joints- is  locked  into  the 
other.  In  men  and  beafts  the  flat  furfaces  of  the  bones 
are  laid  one  upon  the  other,  and  bound  tight  by  finews $ 
but  in  ferpents  the  bones  play  one  within  the  other  like 
ball  and  focket,  fo  that  they  have  a full  motion  upon 
each  other  in  every  direfiion.  Thus  if  a man  were  to 
form  a machine  compofed  of  fo  many  joints  as  are  in 
the  back  of  a ferpent,  he  would  find  it  no  eafy  matter 
to  give  it  fuch  ftrength  and  pliancy  at  the  fame  time. 
The  chain  of  a watch  is  but  a,  bungling  piece  of  work 

in  comparifon.  ' ^ # . 

Though  the  number  of  joints  in  the  back-bone,  is 

§reat,  yet  that  of  the  ribs  is  ftill  greater ; for,  from 
le  head  to  the  vent,  there  are  two  ribs  to  eveiy  joint, 
which  makes  their  number  two  hundred  and  ninety  in 
all.  Thefe  ribs  are  furniftied  with  mufcles,  which  be- 
ing inferted  into  the  head,  run  along  to  the  end  of  the 
tan,  and  give  the  animal  great  ftrength  and  agility. 

The  fkin  alfo  contributes  to  its  motions,  being  com- 
pofed of  a number  of  fcales  united  to  each  other  by  a 
transparent  membrane,  which  grows  harder  as  it  grows 
older,  until  the  animal  changes  it,  which  is  generally 
done  twice  a year.  This  cover  then  burfts  near  the 
head,  and  the  ferpent  creeps  from.it,  by  an  undulatory 
motion,  in  anew  lkin,  much  more  vivid  than  the  for- 
mer. If  the  old  flough  be  then  viewed,  every  fcale 
will  be  diftin&ly  feen  like  a piece  of  net- work. 

There  is  much  geometrical  neatnefs  in  the  difpofal 
of  the  ferpent’s  fcales,  for  aflifting  the  animal’s  finuous 
motion.  As  the  edges  of  the  foremoft  fcales  lie  over 
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the  ends ’of  the  following,  fo  thefe  edges,  when  the 
fcales  are  ere&ed,  which  the  animal  has  a power  of 
doing  in  a fmall  degree,  catch  in  the  ground,  like  the 
nails  in  the  wheels  of  a chariot,  and  fo  promote  and 
facilitate  the  animal’s  progreffive  motion.  The  erect- 
ing thefe  fcales  is  by  means  of  a multitude  of  diflinft 
muffles,  with  which  each  is  fupplied,  and  one 'end  of 
which  is  tacked  each  to  the  middle  of  the  foregoing. 

Serpents  differ  very  widely  as  to  fize.  The  lyboija 
of  Surinam  grows  to  thirty-fix  feet  long.  Tffe  little- 
ferpent  at  the  Cape  of  Good  Hope  is  not  above  three - 
inches,  and  covers  whole  fandy  deferts  With  its  multi-  ’ 
tudes ! This  tribe  of  animals,  like  that  of  fifhes,  feems 
to  have  no  bounds  put  to  their  growth.  Their  bones 
are  in  a great  raeafure  cartilaginous ; and  they  -are 
confequently  capable  of  great  extenfion ; the  older 
therefore  aferpent  becomes,  the  larger  it  grows  ; and' 
as  they  live  to  a great  age,  they  arrive  at  an  enormous 
fize.  Leguat  affures  us,  that  hefaw  oneat  Java,  that-' 
was  fifty  feet  long.  - -vv*-  .-1. 

Vipers  are  often  kept  in  boxes  for  fix  or  eight  months 
without  any  food  whatever ; and  there  are  little  ffr- 
pents  fometimes  fent  over  to  Europe,  from  Grand 
Cairo,  that  live  ‘for  feveral  years  in  glaffes,  and  never 
eat  at  all,  nor  even  (lain  the  glafs  with  their  excre- 
ments. Thus  the  ferpfent  tribe  unite  in  themfelves  two 
very oppofite  qualities;  wonderful  abftinence,  'and  yet 
incredible  rapacity. 

Serpents  will  fwim  a long  time,  but  they  cannot  flay' 
long  tinder  the  water,  without  being  fuffocated.  In 
winter  they  retire  under  ftones,  roots  of  trees,  old  walls,  • 
or  any  warm, : dry  fhelter.  Here  they  fleep  half  dead, 
though  with  their  eyes  open,  till  the  returning  fun 
recals  them  to  life.  - "•  : 

, . • . .-•*  p ...  • . r , f*  ^ . * 
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« 3.  Their  brain  little  differs  from  that  of  fifhes  ; but 
their  ftomach  very  much.  It  is  like  a loofe  gut,  which : 
runs  along,  from  the  jaws  quite  to  the  tail.  They 
have  likewife  folid  ribs  and  yertebre-,  at  fmall  diflances,  * 
from  the  neck  to  the  end  of  the  tail.  ' ’Hereby  they  are 
enabled,  to  raife  themfelves  up,  to  fupport,  to  writhe' 
themfelves  into  rings,  to  fpring  forward,,  and  to  fuck 
or  fwallow  any  thing  with  furprifing  force.  And  their 
Von.  I,  N # • • whole 
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.‘Tglrole  flefh  is  of  foclofe  and  firm  a texture,  thatth^y 
will  live  for  fome  time,  .even  after  they  -are. „cut  in 
pieces.  There  is  nothing.more  harmlefs  than  the  com- 
mon fnakes : they  are  as  innocent  as  flies.  3 

There  is  a great  deal  of  geometrical  nicety  in  the 
finuous  motion' of  ferpents.  For  the  affifting  herein, 
the  annular  feales  under  their  body,  are  very  remark- 
able, lying  crois  the  belly,  contrary  to  thpfe  *in  the 
J>ack  and  the  reft  of  the  body.  Alfo  the  edges  of  the 
foremoft  feales,  Ke  over  the  . edges  of  the  following 
feales  from  head  to  tail.  -So  that  when  each  fcale  U 
drawn  back,  or  fet  a .little  upright  by  its  mufcie,  the 
outer  edge  of  it  is  raifed  a little  from  .the  body,  to  lay 
hold  on  the  earth,  and  fo  promote  the  fetpent’s  mo- 
tion. But  -there  is  another  admirable  piece  -of  me- 
chanifin,  that  every  fcale  has  a diftinft  mufele,  one , 
end  of  which  is  fijeed  to  the  middle  of  its  fcale,  the 
other  to  .the  upper  edge  .of  the  next  fcale.  There  is 
nothing  peculiar  in  the  generation  of  ferpents,  moftof 
which  are  oviparous.  : ; 

» - > „ ' • r\  ;•*  J*,  -,f  9 K V-  V 

4.  Vipers  and  many  other  ferpents  have 'fm all  bags 
near  the  root  of  their  teeth,  which  contain; the  potion. 
When  they  bite,  this  is  fqueezed  out,  by  the  compref- 
fion  of  thofe  bags.  If  they  are  taken  out  of  a viper, 
die  liquid  they  contain  mixed  with  the  blood  of  an 
animal,  caufes  death.  But  if  taken  in  by  .the  mouth, 
it  does  no  harm,  lofing  its  eflicacy  by  mixing  with 
other  liquids. 

A viper  has  the  biggfeft  and  -flatteft  head  of  all  the 
ferpent-kiud.  It  is  ulually  half  an  ell  long  and  an 
inch  thick,  with  a fnout  not  unlike  that  of  a hog.  It 
has  fixteen  fmall  teeth  in  one  row;  befide  two  largt, 
iharp,  hooked,  hollow,  tranfparent  teeth,  placed  at 
each  fide  of  the  lower  jaw.  Thefe  convey  the  poifon 
into  the  wound,  through  a long  flit.  They  are  flexible, 
and  then  only  raifed,  when  tlfe  viper  is  gping  to  bite. 
The  roots  of  them  are  encompaflgd  with.a  little  blad- 
der, containing  a large  drop  of-  a yellow  tnfipid  juice. 
This  flit  is  a little  behjw  the  point  of  the  teeth.  Which 
are  not  hollow  to  the  top.  Hence  arife  all  thofe  dread* 
. ful  fymptoms,  which  frequently  end  in*,  death.  But 
they  are  all  prevented  or  removed,  .by  rubbing  oil 
upon  the  wound.  : 
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Vipers  creep  but  flowlyy  and  never  leap  or  bite,  nil- 
lefs  provoked.  They  are  of  a yellow ifli  colour,  fpeckled 
with  longifh  brown  fpots.  The  belly  is  of  the  colour 
of  well-polifhed  fteel.  Other  ferpents  lay  eggs  ; the 
female  viper  only  brings  forth  her  young  alive,  wrapt 
up  in  fkins,  which  break  on  the  third  day,  and  fet  them 
at  liberty. 

The  venom  of  a viper  is  not  mortal  to  a found  and 
robuft  body,  though  attended  with  painful  fwellings, 
violent  vomitings,  phrenfies,  and  convulfions.  In 
eight  or  ten  days,  the  poifon  having  run  through  divers 
parts  of  the  body,  throws  itfelf  into  the  fcro'tum,  and 
fwelling  it  extremely,  caufes  great  heat,  and  much 
urine  very  hot  and  fharp,  by  which  it  is  difcharged, 
this  being  the  certain  crifis  of  the  difeafe. 

• But  a fickly  or  fearful  perfon,  bit  by  a viper  furely 
dies,  if  there  be  not  fpeedy  help.  Any  one  bit,  in 
two  or  three  days  weighs  almoft  as  much  more  as  he 
did  before.  Who  can  account  for  this  ? 

It . is  remarkable,  that  the  youngeft  vipers  are  pro- 
vided with  poifonous  teeth  grown  to  perfection,  com- 
menfurate  to  their  bulk  j'  that  fo  they  may  be  able  to 
kill  their  prey  and  feed  themfelves,  ' as  foon  as  they  are 
born. 

The  poifon  of  a xattle-fnake  is  equally  fatal  and 
more  fwift  in  its  operation.  For  it  frequently  kills 
within  an  hour.  The  fnake  is  from  ten  to  fifteen  feet 
long.  But  whenever  it  moves  in  order  to  bite,  the 
tail  begins  to  rattle  : and  that  confiderably  loud  : fo 
that  a man  if  he  has  prefence  of  mind,  may  eafily  get  ' 
out  of  its  way.  When  it  bites  a hare,'  he  is  obferved 
to  lick  her  all  over  before  he  takes  her  into  his  mouth : 
probably,  that  having  moiftened  and  fmoothed  her 
fkin,  he  may  the  more  eafily  fwallow  her. 

• It  is  very  remarkable,,  that  he  frequently  flays  under 
a tree,  on  which  a bird  or  fquirrel  is  hopping  about, 
with  his  mouth  wide  open.  And  the  event  conftantly 
is,  the  creature  in  a while  drops  into  it.  Sir.  Hans 
Sloane  thinks,  he  has  wounded  itfirft  : and  that  he 
then  waits  under  the  tree,  till  the  poifon  works  and  the 
animal  drops  down  into  the  mouth  of  its  executioner.- 

But  this  is  riot  the  cafe,-  as  plainly  appears,  from 
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what  many  have  been  witneffes  of.  , A fwallow  pur- 
fuing  his  prey  in  the  air,  if  he  caft  his  eye  on  a fnake 
beneath  him,  waiting  with  his  mouth  wide  open,  alters 
his  courfe,  and  flutters  over  him  in  the  utmoft  cortfter-  ' 
nation,  till  finking  gradually  lower  and,  lower,  he  at 
la.ft  dropsipto  his  mouth. 

To  the  fame  purpofe  is  the  fam«us -experiment  of 
Dr.  Sprenger,  mentioned,  in  die  .Hamburgh  maga- 
zine. He  let  loofe  a mQufe  on  the  ground,  at  a little 
difiance  from  a comjnon  fnake.  . It  made  a few  turns,  - 
and  fqueaked,a  little,  and  then  ran  diredtly,  into  the , 
mouth  of  the  fnake,  which  all  the  while  lay  ftiU,  and 
■w^ithput  motion. 

The  rattle-fpake  being  lefs  nimble  than  others,  would 
find  difficulty  in  getting  its  prey,,  were  it  not  for  the 
lingular  -provifion  made,  by  ..the  rattle  in  his  tail. 

- When  he  fees  a fquirrel  or  bird  on, a tree,  he  gets  to 

the  bottom,,  and  Ihakes  this  ipftrument.  The  creature 
looking  down,  fees  .the  terrible  eye  pf  the  fnake  bent 
full  upon  it.  It  trembles,  and  never  attempts  to  ef- 
cape,  but  keeps  its.  eye  upon  the  deftroyer,  till  tired 
with  hopping  from  bough  to  bough,  it  falls  down, . - 
and  is  devoured.  Indeed  the  fame  power  is  in  the 
viper.  The  field-mice,  grid  other  animals,  which  ate  . 
its  natural  food,  if  they  have  once  feen  his  eyes,  never 
efcape,  but  either. fiand  ftill  or  run  into  its  mouth. 

Byt  vipers  . in  general  wTill  not  eat,  after  they  .are 
under  confinement.  The  viper-catchers  throy/  them 
together  iyto  great  bins,  where  they  live  many  months, 
though  they  eat  nothing.  It  is  only  a female  viper, 
when  big  with  young,  that  will  eat  during  its  confine- 
ment. If  amoufe  be  \hrown  into  the  bin,  at  the  bot- 
tom of  which  forty  or  fifty  vipers  are  crawling,  among  . 
which  one  is  with  young,  (lie  alone  will  meddle  with  . 
it,  and  fhe  not  immediately..  The  reft  pafs  by  it, 
without  any  regard,  though  it  be  their  natural  food. 
But  the  female,  after  fhe  has  done  this  feveral  times, 
will  at  length  begin  to  eye  it.  Yet  fhe  pafles  ,b’y  it 
again,  but  foon  after  ftops  fijort,  apd  holding  her  head 
facing  that  of  the  moufe,  fee  ms  . ready -to  dart  qt  it, 
•which  however  ihe  never  does,  but  opens  her  mouth, 
•and  brandiffies  her  tongue.  Her  eyes  having  now  met  . 
thofe  of  the  moufe,  file  never  lofes  fight  of  it  more  ; 
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bxxt  they  face  one  another,  and  the  viper  advances  witH 
her  open  mouth,  nearer  and  nearer,  till  without  mak-  v* 
nig  any  leap,  (he  takes  in  the  head,  and  afterward  the 
whole  body* 

.■A  common  fnake  will%'avoid  a mail;  but  a rattlei 
fnake  never  turns  out  of  the  way.  His  ey t has  fome- 
thing  lb  terrible  in  it,- that  there  is  no  ldoki%fteadfaflIy 
at  him.  But  he  creeps*  very  flow,  with  his  headclofe 
to  the  ground/  fo  that  one  may  eafiiy  get  out : of  hi* 
way.  His  leaping  is  no  mote  than  uficoiling  himfelf, 
fo  that  a man  is  in  no  danger,  if  he  is  ttot  within  the 
length  of  the  fnake.  Neither  can  he  do  any  harmi 
unlefshe  firft  coil,  and  then  uncoil  himfelf ; but  both 
thefe  are  done  in  a moment. 

The  noife  they  make  is  not  owing  (as  fome  imagine^ 
to  little  bones  lodged  in  their  tails.  But  their  tail  is  * 
compofed  oPjoirfts  that  lap  over  ohe  another,  like  a 
lobfter's,  and  they  make  that  noife  by  ftrikrng  them 
one  upon  another.  This  is  loudeft  in  fair  weather ; in 
rainy  weather  they  make  no  neile  at  all.  ' It  is  re-" 
markable,  that  whenever  a fnl gle  fnake  rattles,  all  that’ 
are  within  hearing  rattle  in  like  manner. 

Of  how  extremely  penetrating  a' nature  is  their  poi-* 
fon  ? A man  provoking  one  of  them  to  bite  the  edgef 
of  his  broad-axe,  the  colour  of  the  fteeled  part  pre-" 
changed  : and  at  the  firft  ftroke  he  made  with  it 
in  his  work,  the  difcoloured  part  broke  out,  leaving  ka 
gap.  in  the  axe. 

i ' ■ {,*■  •* . 

A gentleman  in  Virginia  has  lately  given  a particu*' 
lar  account,  of  what  he  felt  after  being  bit  by  one  of 
them. 

“ Hearing,  fays  he,  a bell  upon  the  top  of  a fteep 
hillj!  which  I knew  to  be  on  one  of  the  cows  of  the 
people  where  It  hen  quartered,  I -Went  tight  up  the* 
hill ; but  near  the  top-  my  foot  flipped,  and  brought  me 
down  upon  my  knees.  I laid  my  hand  on  a broact 
ftone  to  ftay  myfelf ; I fuppole  the  fnake  lay  on  the 
other'  fide,  who  bit  my  hand  in  an  inftafit,  then  Aid 
under  the  ground,  and  founded  his  rattles.  But  T ' 
foon  found  him,  cruthed  his  head  to  pieces  with  a ftone/ 
took  him  up  in  my  left  hand,  and  ran  home,  fucking 
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• the  wound  on  my  right  hand,  and  fpitting  out  the  poi* 
fon.  This  kept  it  eafy  ; but  my  tongue  and  my  lips 
grew  ftiff  and  numb,  as  if  they  were  frozen.  When  I 
\ came  home,  one  prefently  ripped  a fowl  open,  and 

bound  it  upon  my  hand.  This  eafed  me  a little.  I 
kept  my  elbow  bent  and  my  fingers  up,  which  kept 
the  poifon  from  my  arm.  Another  bruifed  fome  tur- 
meric, and  bound  it  round  my  arm,  to  keep  the  poi- 
fon in  my  hand.  This  kept  my  arm  eafy  for  fome 
hours ; and  my  hand,  though  numb,  was  not  much 
fwelled,  nor  even  painful : but  about  midnight  it  puffed 
up  on  a fudden,  and  grew  furious,  till  I flit  my  fingers 
with  a razor.  I alfo  flit  the  back  of  my  hand,  and 
cupped  it,  and  drew  out  a quart  of  flimy  fluff,  yet  my  • 
arm  fwelled.  Then  I got  it  tied  fo  fart,  that  it  was 
almoft  void  of  feeling.  Yet  would  it  work,  writhe, 
jump,  and  twine  like  a fnake,  change  colour,  and  be 
fpotted.  And  the  fpots  moved  to  and  fro  upon  my 
arm,  which  grew  painful  at  the  bone.  All  things 
were  applied  for  two  days  which  could  be  thought  on  ; , 
but  without  effect,  till  the  allies  of  white-afh-bark  made 
into  a plaifter  with  vinegar,  drew  out  the  poifon.  We 
' then  untied  my  arm  ; but  within  two  hours  all  my 

right-fide  turned  black.  - Yet  it  did  not  fwell,  nor  pain 
me.  I bled  at  the  mouth  foon  after,  and  continued 
bleeding  and  feverifh  four  days.  The  pain  raged  If  ill 
in  my  arm,  and  I was  by  times  delirious  for  an  hour 
or  two.  After  nine  days  the  fever  went  away ; but  my  , 
hand  and  arm  were  fpotted  like  a fnake  all  the  fum- 
mer.  In  autumn  my  arm  fwelled,  gathered,  and  burft, 
fo  away  went  poifon,  fpots  and  all. 

But  the  moft  furprifing  circumftance  was  my  dreams. 
In  all  fickneffes  before,  thefe  were  always  pleafant.  But 
now  all  were  horrid.  Often  I was  rolling  among  old 
logs  ; fometimes  I was  a white  oak  cut  in  pieces.  Fre- 
quently my  feet  would  be  growing  into  two  hickary 
trees : fo  that  it  was  a terror  to  me,  to  think  of  going 

' to  Beep.”  i- 

~ * * * 

5.  It  is  a wonderful  provifion  which  is  made  for 
- thofe  fnakes,  who  are  inhabitants  of  the  waters.  A 
water-fnake  has  no  air-bladder  like  fifties  : but  to  make 
amends  for  this  want,  it  has  a large  membranous  air- 
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fcag  crh its  tack,  rwhicli  it  empties  or  fills'  with  air  at 
pleafure*  by  an  aperture  which  it  can  fhut  fo  clofe, 
that  the  lead  globule  of  water  .cannot  enter.  By  this 
' means  ifrcan  enlarge  or  lefien  the  bulk  of  its  body*  and 
inhabit  any  depth  of  water. 

. i 

- As  for  the  ferpent  of  the*watets,  of  which  afi:  ac* 
eOuht  is  gravely  given,  by  the  writer  of.  the  Natural 
Hiftdry  of  Norway,  which  he  talks  of,  as  being  five 
dr  fix  hundred  yards  long,  and  as  rearing  his  head 
higher  than  ther  main-mad  of  a man  of  war.  I pre- 
feme  it  ns  very  nearly  related  to  the  craken  of  the  fame 
author  : ^fea*monfter,  to  which  a whale  is  but  a 
flvrimp,  larger  than  twenty  men  of  war  put  together.' 
And  this  our  writers  of  magazines  and  reviews*  fwal* 
low  without  any  difficulty  l Is  it  from  the  juft  judg- 
ment of  God,  that  men  who  do  not  believe  the  Bible* 
will  belieVe  any  thing  l 

' The  king  of  all  feptiles  which  are  known  with  any 
certainty,  is  the  crocodile.  There  are  fixty-two  joint*’ 
in  the  back-bone,  < which,  though  very  clofely  united, 
have  fufficient  play  to  enable  the  animal  to  bend  like  a 
bow  to  the  right  and  the  left  fo  that  when-we  hear  of 
, perfons  efcaping  the  creature  by  turning  oufe-of  the  right 
line,  and  of  th^  animal’s  not  being  able  to  wheel  after 
its  prey,  feems  to  be  fabulous.  It  is  likely  the  croco- 
dile can  turn  with  great  eafe ; for  the  joints  of  its 
back  are  not  differ  than  thofe  of  other  animals:  and 
we  know  by  experience,  it  can  wheel  about  very  nimbly 
for  its  fize.  ■ 

It  is  probable*  that  the  fmell  of  mufk,  which  all 
thefe  animals  exhale,  may  render  them  agreeable  ta 
the  favages  of  that  part  of  Africa.  They  are  often 
known  to  take 'the  part  of  this  animal  which  contains 
the  mufk,  and  wear  it  as  a perfume  about  their  per* 
fons.  Travellers  are  not  agreed  in  what  part  of  the 
body  their  mufk-bags  are  contained  ; Tome  fay  in  the 
ears ; fome,  in  the  parts  of  generation  ; but  the  mod 
probable  opinion  is*  that  this  mufky  fubdance  is  a- 
maffed  in  glands  under  the  legs  and  arms. 

The  American  crocodile,  or  alligator,  is  only  fifteen 
©r  fixteen  feet  long.  But  thofe  bred  in  Africa,  or  the 
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Eaft-Indies,  are  faid  to  be  between -five  and, twenty  an4 
thirty.  It  may  well  be  faid  of  him  (which  cannot  be 
faid  of  the  whale)  that  u his  fcales  are  his  pride  i" 
for  on  his  back,  as  well  as  on  his  head,  they  are  im- 
penetrable as  fteel.  No  creature  dares  withftand  him. 

**  He  is  the  king  of  all  the  children  of  pride.”  f And 
as  every  female  crocodile  lays  fome  hundreds  of  eggs 
at  once,  they  would  utterly  difpeople  the  waters,  were 
it  not  that  the  male  devours  all  he  can  find  of  them. 
And  fo  diligent  is  he  in  his  fearch,  that  fcarce  one  out 
of  a hundred  efcapes  him.  It  is  another  inftance  of 
divine  mercy,  that  he  cannot  bite  under  water.  By 
this  circumftance,  creatures  that  are  able  to  dive,  ge* 
nerally  efcape  his  ravenous  jaws.  It  is  a vulgar  error, 
that  he  moves  the  upper  jaw : he  moves  the  lower 
only.  * - . 

* %S  * 4 | * * * V. 

The  cameleon  (as  well  as  the  alligator)  is  of  the 
lizard-kind.  Some  in  Egypt  are  twelve  inches  long  ; 
but  the  Arabian  feldom  exceeds  fix.  He  has  four 
feet,  and  a long  flat  tail,  whereby  he  hangs  on  trees,  ' 
as  well  as  by  his  feet.  His  fnout  is  long,  his  back 
lharp,  and  grained  like  fhagreen.  He  has  no  ears, 
neither  does  he  make  or  receive  any  found.  ^ The 
tongue  is  half  the  length  of  the  animal,  round  to  the  . 
tip,  which  is  flat  and  hollow,  fomewhat  like  an  ele- 
phant’s trunk.  And  this  he  darts  out,  and  draws  back 
with  furprifmg  fwiftnefs.  The  great  ufe  of  this  is,  to 
catch  flies,  (which  are  its  proper  food,  net  the  air, 
as. is  vulgarly  thought)  by  darting  it  out  upon  them. 

Its  colour  is  not  always  the  fame.  »One  at  Paris,  when 
it  was  in  the  fliade,  and  at  reft,  was  of  a bhiifh  grey. 

In  the  funfhine  this  changed  to  a darker  grey,  and  its 
lefs  illumined  parts  to  various  colours.  When  handled 
or  itirred,  it  appeared  fpeckled  with  dark  fpots  border- 
ing  upon  green.  If  it  was  wrapt  up  a few  minutes  in 
a linen  cloth,  it  was  fometimes  taken  out  whitifh.  But 
it  did  not  take  the  colour  of  any  other  cloth  or  fub* 
ftance  that  enclofed  it.  So  that  its  affirming  all  the 
colours  it  comes  near,  is  a groundlefs  imagination/ 

The  cameleon  at  London  was  of  feveral  colours, 
like  a mottled  coat.  The  moll  difcernable  wrere,  a 
green,  a Tandy  - yellow,  and  a liver  colour.  When 
- ftirred 
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stirred  or  warmed  it5  was  fuddenly  full  of  black  fpotr, 
as  big  as  a large  pin’s  head.  But  when  it  was  quiet,- 
they  gradually  disappeared. 

There  are  four  Species  of  cameleons,  1.  The  Ara- 
bian, about  the  fize  of  the  green  lizard.  ' This  is  of 
a whitifti  colour,  variegated  vrith  reddifhand'yellowifh' 
Spots.  2.  The  Egyptian,  which  is  of  a middle  hue, 
between  a whitifh  and  a faint  green.  3.  The  Mexican.- 
And '4.  A kind  which  has  been  frequently  (hewn  in 
Europe,  and  differs  from  all  the  reft.  His  head  is* 
large  ; but  he  alters  his  body  at  pleafure,  inflating  it 
more  or  lefs  : and  not  only  his  body,  but  his  legs  and* 
tail.  This  is  peculiar  to  him.  * The  body  thus  puffed* 
up,  will  remain  fo  two  hours.  But  it  is  infenfibly: 
finking  all  the  time.  It  can  continue  a long  time  nr 
- either  of  thefe  ftatesj^but  is  generally  uninflated.  It 
then  looks  miferably  lank  and  lean  : its  back-bone  may 
be  feen  perfectly  ? its  ribs  counted,  and  even  the  ten-' 
dons  of  the  feet  diftin£Uy  feen- through  the  Adm- 
its mouth  is  furnifhed  with  continued,*  denticulated" 
bones ; but  it  does  not  appear  what  ufe  they  are  of,* 
fince  it  preys  on  flies,  and  fwallows  them  whole,  unlefs' 
for  holding  a ftick  in  its  mouth  crofs-ways  ; which  ac-  ' 

Ioording  to  JElian,  he  frequently  does,  to  prevent  being: 
fwallowed  by  ferpentSr 

. The  ftrudture  and  motion  of  his' eyes  are  furprifing. 
They  appear  to  be  large  fpheres,  of  which  one  half 
ftands  out  of  the  head,  and  is  covered  with  a thick' 
Adn,  perforated  with  a fmall  hole  at  top.  Through* 
this  is  feen  a very  vivid  and  bright  purple,  furrounded 
with  a yellow  iris^  This  hole  is  a longitudinal  flit, 
which  he  opens  more  or  lefs  at  pleafure.  The  morion 
of  his  eyes  is  not  lefs  lingular.  It  can  turn  them,  fo 
as  to  fee  either  forward,  backward,  or  on  either  fide, 
without  moving  the  head  at  all,  which  is  fixt  to  the 
fhoulders.  And  he  can  give  one  eye  all  thefe  motions,* 
while  the  other  is  perfectly  ftill.  Each  foot  has  five 
toes,  all  of  one  fide,-  two  behind  and  three  before. 
He -moves  very  flowly  on 1 the  ground,  but  on  trees 
more  eafily.  Its  tail  is  then  ks  fafety,  as  it’  twifts  it 
round  the  branches,  when  in  any  danger  of  falling. 

But  how  can  fo  flow  a creature  catch  the  moftJ  nim- 
ble forts  of  infe&s  i Wliat  nature  has  denied  it  in  agi- 
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Iity,  Is  abundantly  fupplied  by  other  means.  Its  flow, 
ajid  eafy  motion  renders  it  but  little  fufpe&ed  at  a 
diftance.  And  when  it  comes  within  a proper  fpace 
of  its  objeft,  it  ftretches  out  its  tail,  poifes  its  body, 
and  fixes  itfelf,  fo  as  feldom  to  meet  with  a difappoint- 
ment.  When  all  is  ready,  it  uncoils  its  long,  flender 
tongue,  and  darts  it  fo  fwift  as  fcarce  ever  to  mifs  its 
prey. 

The  common  colour  of  the  cameleons  in  Smyrna  is 
green,  toward  the  belly  inclining  to  a yellow.  But, 
thofe  in  the  . ruins  of  the  caftle  are  greyifli,  like  the 
ftones  among  which  they  breed.  One  of  them,  hav- 
ing been  kept  in  a napkin,  appeared  whitifb;  but  it 
never  changed  to  red  or  blue,  though  wrapt  in  cloth 
of  thofe  colours  for  feveral  hours  together.  On  being 
handled  or  dillurbed,  it  became  ftained  with  dark 
fpots,  bordering  on  green.  Sometimes  from  si  green 
all  over,  it  became  full  of  black  fpots ; fometimes 
when  it  appeared  black,  green  fpots  fuddenly  ap- 
peared. So  far  is  it  from  being  true,  that  it  changed 
its  colour,  according  to  every  objed  near  it.  Nor 
could  we  perceive  this  change  to  be  any  fixed  law,  it 
rather  feemed  fpontaneous.  This  only  was  conftant ; 
being  placed  on  green,  it  became  green  ; being  on  the 
earth,  it  changed  to  the  colour  of  earth. 

Another  uncommon  creature  of  the  lizard-kind  is  a 
falamander.  This  is  fuppofed  to  live  in  fire  ; but  with- 
- out  any  ground.  It  is  indeed  generally  found  in  the* 
chinks  of  glafs-houfes,  or  near  furnaces,  where  the 
heat  is  fo  great,  that  no  other  animal  cQuld-endure  it, 
without  being  deftroyed  in  a few  minutes.  Some  years 
ago,  the  trial  was  made  by  feveral  gentlemen,  whether 
it  could  really  live  in  fire.  *Some  charcoal  was  kindled* 
and  the  animal  laid  upon  the  burning  coals.  Imme* 
diately  it  emitted  a blackifh  liquor,  which  entirely 
quenched  them.  They  lighted  more  coals,  and  laid  it 
upon  them.  It  quenched  them  a fecond  time  in  the 
fame  manner. . But  being  prefently  laid  on  a frefh  fire, 
it  was  in  a fliort  time  burnt  to  allies.  - * • 

In  many  parts  of  Lower  Egypt,  there  is  a kind  of 
. lizard  termed  oocaral.  It  refembles  a crocodile,  only 
that  it  is  but  three  or  four  feet  long,  and  lives  wholly 
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on  the  lan df.  As  it  is  exceeding  fond  of  the  ffiilh  of 
ewes  and  fhe-goats,  it  makes  ufe  of  a remarkable  ex- 
pedient. It  twifls  its  long  tail  round  the  leg  of  the 
ewe  or  goat,  and  fo  fucks  her  at  his  leifure. 

In  mod  parts  of  Italy  there  are  fwarms  of  lizards* 
efpecially  of  the  green  kind.  In  the  fpring,  hundreds 
of  them  are  feen,‘  balking  on  the  roofs,  and  crawling 
up  and  down  the  walls  of  houfes.  They  are  very  nim« 
ble,  and  have  a bright  fleek  fkin,  and  beautiful  eyes* 
but  are  entirely  harmlefs.-  The  fcorpions  are  not  fo  ; 
they  harbour  not  only  in  old  walls  and  under  flones* 
but  in  every  part  of  the  houfe,  efpecially  the  beds ; 
and  if  touched,  immediately  fting.  The  fling  of  an 
Apulian  fcorpion,  has  the  fame  effedl  with  the  bite  of  a 
tarantula.  And  it  requires  the  fame  method  of  cure  ^ 
only  by  different  inflruments,  the  flute  and  bagpipe  in 
particular,  with  the  brifk  beat  of  a drum.  But  the 
common  remedy  againtl  the  fling  of  a fcorpion  is* 
bruife  the  animal,  and  bind  it  on  the  wound. 


6.  With  regard  to  water-lizards,  commonly  calle<f 
newts,  which  moil  people  fuppofetobc  venomous,  they 
are  harmlefs  as  land-lizards,  and  are  found;  in  fum- 
raer,  in  moil  {hallow*  Handing  waters.  One  who  kept 
feveral  of  them  in  glafs  jars  for  many  months  obferves* 
in  refpedt  of  that  odd  circumflance,  cafling  their  {kins* 
they  do  this  evt^y  fortnight  or  three  weeks.  A day 
©r  two  before  the  change*  the . animal  appears  moro  . 
fluggifh  than  ufual,  and  takes  no  notice  of  its  food* 
which  at  other  times  it  devours  greedily.  The  lkin^ 
in  fome  parts  appears  loofe,  and  not  of  fo  lively  a co~ 
lour  as  before.  It  begins  this  work,  by  loofening  with 
its  fore-feet,  the  {kin  about  its  jaw7s,  pufhing  it  for~ 
ward  gently  and  gradually  both  above  and  below*  the 
head,  till  it  can  flip  out  firft  one  leg  and  then  the  other* 
Then  it  thrufts  the  fkin  backward  as  far  as  thofe  legs 
can  reach.  Next  it  rubs  iffelf  againfl  pebbles,  gravel* 
or  whatever  elfe  it  can^  meet  with,  till  more  than-  half 


the  body  is  freed  from  the  fkin ; which  then  appears 
doubled  back,  covering  the  hinder  part  of  the  body 
and  tail.  Then  turning  its  head  round  to  meet  its 
tail,  it  takes  hold  of  the  fkin  .-with  its  mouth,  and  fet- 


the  hind-legs  out,  as  it  did  the  fore-legs.  If  you  theit 
examine  the  {kin,  it  will  be  found  infide  outward,  but 
without  the  leaft  hole  or  breach,  the  part  which  covered 
the  hind  legs  feeming  like  gloves  turned  infide  out, 
though  entirely  perfeft  and  unbroken.  They  do  not 
however  put  off  the  coverings  of-  their  eyes,  as  moft 
kinds  of  fnakes  do;  for  the  {kin  of  the- newt  has  al- 
ways two  holes,  at  the  places  where  the  eyes  have  been. 
When  the  fkin  is  off,  if  it  be  not  foon  taken  away,  the 
creature  fwallows  it  whole. 

Many  creatures  of  different  kinds,  put  off  their 
fkins  or  fhells  at  certain  periods,  and  if  we  may  guefs 
at  other  (hell-fifh  by  the  frefti  water  fhrimps,  their  {hells 
are  put  off*  without  any  breach  but  one,  lengthways  in 
the  middle  of  the  belly-part,  through  which  the-body, 
tail,  and  claws  are  pulled  out,  and  the  fhell  left  in  a 
manner  whole.  In  the  infeft-tribe,  the  changes  of 
caterpillars  are  well  known.  The  fpider  throws  off 
its  fkin  as  frequently,  getting  out  of  it  by  a rupture 
underneath,  and  leaving  every  claw  entire.  And  even 
the  horny  covering  of  his  forceps.  Even  the  mite  caffs 
its  fkin  at  feveral  ftiort  periods,  and  nearly  in  the  fame 
manner. 

A particular  fpecies  of  water-lizards,  Abbe  Spal- 
lanzani terms  an  aquatic  falamander.  Yet  he  obferves, 
this  cannot  bear  any  great  degree  either  of  heat  op 
cold.  But  the  moft  remarkable  circumftance  relating 
to  it  is,  that  let  its  tail,  legs,  or  even  jaws  be  cut 
away,  and  in  a ftiort  time  they  are  reproduced.  The 
tail,  befide  a complete  apparatus  of  nerves,  mufcles, 
glands,  arteries  and  veins,  has  vertebre  of  real  bone. 
And  their  legs  do  not  differ  from  thofe  of  the  moft 
perfect  animals,  in  the  number  of  bones,  whereof  they 
are  compofed. 

7.  Now  when  the  legs  and  tail  of  this  animal  are 
taken  away,  new  vertebre,  new  bones  are  produced  : 
a phenomenon  as  wonderful  as  any  hitherto  known. 
This  takes  place  in  every  known  fpecies  of  falamanders, 
at  any  period  of  their  life,  on  the  earth  or  in  the  wa- 
tery and  let  the  length  of  the  divided  parts  be  greater 
or  lefs.  Nor  do  the  coaftituent  parts  of  the  new  tail 
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differ  from  thofe  of  the  part  that  was  cut,  either  in  " 
number,  drufture,  or  connexion.  But  a whole  year  _ 
is/fcarce  fufficient  to  render  the  new  part  equal  to  that 
w^iich  was  cut  off.  Indeed  the  regenerating  power 
ceafes  during  the  winter  half  year. 

When  the  part  reproduced  is  cut  off,  it  is  fucceeded 
by  another,  which  proceeds  in  the  fame  manner  as  the 
former,  and  this  a fecond,  a third,  or  fourth  time: 
the  falamander  ftill  forming  new  parts  by  the  fame 
unalterable  laws* 

There  are  in  the  legs  of  a falamander  ninety  and 
nine  bones.  In  the  four  regenerated  legs  there  is  the 
fame  number.  The  form  and  internal  druChire  of  the 
reproduced  bones,  and  of  the  natural,  are  the  fame. 
But  the  colour  of  the  new  bones  is  fomewhat  dif- 
ferent, and  their  fubftance  more  tender.  And  all  thefe 
parts  are  reproduced  in  the  fame  manner  and  at  the 
fame  time,  whether  the  creature  is  fed,  or  kept  fading. 

When  their  jaws  are  cut  off,  the  fame  thing  hap- 
pens. New  bones  are  reproduced,  new  teeth,  new  car- 
tilages, veins  and  arteries.  From  the  wonderful  re- 
production of  fo  many  parts  in  this,  may  we  not  ex- 
tend our  inquiry  to  other  animals  of  equally  compli-  ^ 
cated  ftruCture?  Let  us  inquire  fird  concerning  tad- 
poles. If  the  whole  of  their  tails  be  cut  off,  they  fink 
to  the  bottom  of  the  water,  and  perifh.  But  if  part 
only,  they  foon  recover  it.  In  one  fummer’s  day  the  - 
reproduction  makes  a rapid  progrefs  in  young  tad- 
poles. And  in  a fhort  time,  the  new  part  of  the  tail 
and  the  old  together,  equal  the  tail  of  others  born  at 
the  fame  time.  A fecond,  third,  and  fourth  repro- 
duction condantly  follows,  upon  a fecond,  third,  or 
fourth  feCtion.  Nay,  fucceflive  regenerations  never 
fail,  as  long  as  the  tadpole  keeps  its  tail. 

If  no  nourifhment  is  given  tadpoles,  they  do  not 
grow,  nor  are  the  membranes  of  the  infant  date  cad 
.off.  Yet  the  tails  cutoff,  will  be  reproduced  nearly 
in  the  fame  time. 

If  the  head  of  an  earth-worm  be  cut  off,  a new  head 
is  reproduced.  Nay,  if  both  the  head  and  tail  are  cut 
off  from  the  middle  part,  both  of  them  are  repro- 
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duced.  Nor  is  this  regenerating  power  foon  exhauft- 
ed.  A fee  end  reproduction  being  cut  off,  is  fucceeded 
by  a third*  this  by  a fourth,  that  by  a fifth,  and  fo  on. 

The  fame  thing  takes  place  in  another  kind  of  worm, 
little  known,  which  the  Abbe  calls  an  aquatic  boat-* 
worm.  It  is  compofed  of  rings  like  the  earth-worm, 
which  it  fliortens  or  lengthens  at  pleafure,  and  fo 
moves  from  place  to  place.  Toward  the  head  it  is  as 
barge  as  the  largeft  goofe-quill,  and  its  length  is  about 
a fpan.  ' It  lives  in  {hallow,  clear  water,  either  flag- 
nating  or  flowing  gently ^ fixing  its  fore  part  in  the 
mud,  whence  it  is  nourifhed.  The  back  part  reaches 
the  top  of  the  water,  and  being  ftretched  and  hol- 
lowed, forms  a kind  of  boat  on  the  furface.  Its  fides 
rife  above  the  water*  fo  that  none  gets  in.  But  on  the 
lead  agitation  of  the  water,  the  infeCi  immediately 
{huts  up  his  boat,  and  retires  into  the  mud.  When 
the  motion  is  over,  he  again  thrufts  his  tail  out  of  the 
water,  and  makes  his  boat  afrefh,  which  remains  entire 
till  he  is  difturbed  again.  And  this  he  does  not  fail  to* 
make,  though  the  mud  is  removed,  and:  he, left  with 
little  water.  It  feems  the  organs  of  refpiration  are 
placed  in  this  part,  as  they  are  in  various  forts  of 
aquatic  animals. 

Thefe*  worms  are  quicker  in  their  reproduction  than 
earth-worms.  They  more  eafiiy  ^recover  their  heads,, 
as  well  as  tails,  and  this  power  exerts  itfelf  throughout 
the  whole  year. 

« * . . » * i 

* * • K y . 

The  cafe  of  the  fnail  may  fee m ftill  more  ftrange^ 
It  can  firft,  reproduce  its  horns.  After  they  have  been 
cut  off,  the  trunk  becomes  like  a fmall  knob,  whence 
iprings  a black  point,  which  is  the  eye.  The  trunk 
then  increafes  in  length  and  fize,  till  it  equals  the  for- 
mer horn.  i 

If  the  head  be  cut  off,  a new  one  fucceeds ; but  in 
a Angular  manner.  If  a worm’s  head  be  cut  off,  the 
reproduction  is  an  entire  organic  body,  that  is,  a part 
in  miniature  exactly  fimilar  to  that  which  was  cut  off. 
But  what  appears  on  the  trunk  of  a fnail,  is  not  an 
.entire  organic  body,  containing,  in  miniature  all  the 
parts  of  the  head  which  were  cut  off ; but  thefe  parts  , 
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grow  piece  by  piece  at  different  intervals,  and  require 
time  to  unite  and  consolidate  into  one  mafs,  refembling 
the  original  pattern.  For  inftance.  Sometimes  the 
reproduction  is  like  a round,  fmalLbody,  containing 
the  primary  parts  of  the  two  lips,  and  of  the  fmall 
horns,  which  are  united  to  the  mouth,  and  to  the  new* 
formed  teeth.  This  round  body  is  placed  on  the  cen- 
tre of  the  trunk.  The  large  horns  and  the  fore-part  of 
the  fnail,  which  in  the  entire  animal  are  contiguous  to 
the  head,  are  wanting.  Another  trunk  fliews  the  larger 
horn  on  the  right  fide,  more  than  a tenth  of  an  incl* 
long,  already  provided  with  its  eye.  /Under  this,  at 
fome  diftance,  the  firft  lineaments  of  the  lip  appear. 
In  a third  fnail  arife  three  horns,  two  of  which  are  of 
their  natural  length,  while  the  thrfd  is  but  juft  above 
the  fkin.  Some  ftiew  nothing  but  the  trunk,  without 
anyfign  of  reproduction,  although  the  head  was  taker* 
at  the  fame  time  with  that  of  the  others,  from 
which  came  forth  fuch  a number  * ^ variety  of  or- 
gans : on  the  contrary,  in  fome  fp&U*  there  is  no  dif- 
ference between  the  old  and  the  new  head : only  there 
is  aiUi£h-coloured  line,  pointing  out  exactly  where  the 
head  was  cut  off. 

That  earth-worms  feed  upon  earth,  will  be  put  be* 
yond  difpute,  if  any  one  is  at  the  pains  to  examine  the 
little  curled  heaps  of  dung,  which  are  ejected  out  of 
their  holes.  But  it  is  in  all  probability,  not  pure  earth, 
but  fuch  as  is  made  of  leaves,  roots,  and  plants,  when 
gradually  rotted  and  mouldered  away.  And  what 
makes  this  the  more  probable,  is,  that  they  are  ob* 
ferved  to  drag  the  leaves  of  trees  into  their  holes. 

8.  Both  the  whole  tape-worm,  and  every  part  of  it 
feems  to  be  a complete  animal.  In  every  joint  there 
is  a mouth  for  receiving  food,  and  doubtlefs  organs  for 
digefting  it.  Single  joints,  as  well  as  larger  pieces, 
are  frequently  voided  alive.  All  thofe  pieces  are  almoft  * 
equally  turgid  with  chyle.  Now  it  is  not  probable, 
that  a fingle  worm,  ftiould  in  voiding,  be  broke  in  fo 
many  pieces : and  had  it  been  done  fometime  before, 
they  would  be  emaciated.  There  feems  then  to  be  an 
analogy,  between  this  jointed  worm  and  knotted  grafs  ; 
each  joint  of  which  is  a complete  plant,  and  propa- 
gates 
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gates  itfelf.  It  is  indeed  a zoophyton,  a plant-animal', 
bred  in  animal  bodies  : fince  fo  large  and  frequent  de- 
truncations, do  not  dedroy  the  life  of  it. 

9.  Not  only  vegetables  and  animals  have  their  re- 
fpedtive  infedts,  to  which  they  afford  food  as  well  as 
^habitation,  but  (tones  thcmfelves.  Thofe  kind  of 
worms,  called  lithophagi,  are  a proof  of  this.  One  „ 
might  think  it  incredible,  that  thefe  little  creatures 
fhould  fubfift  by  gnawing  (tones.  And  yet  nothing  is 
more  certain,  thefe  worm-eaten  (tones  being  found  al- 
molt  every  where.  Thefe  are  generally  lime-ftones. 
Grit  and  free-done  are  feldom  eaten  in  this  manner.. 
Yet  there  is  an  ancient  wall  of  free-done  in  the  Bene- 
didtine-abbey  at  Caen  in  Normandy,  fo  eaten  with 
worms,  that  one  may  put  one’s  hands  into  many  of 
the  cavities.  The  worms  are  covered  with  a greenilh 
fhell,  having  dat  heads,  a wide  mouth,  and  four  black 
yaws.  And  they  lay  their  eggs  in  thofe  cavities*  which 
they  gnaw  in  the  U&ne. 

One  more  reptile  we  may  examine  a little  more  mi- 
nutely, in  which  the  wifdom  of  God  is  not  a little  dis- 
played. - It  is  a common  leech.  When  this  is  at  red, 
its  upper  lip  forms  a regular  femicirele.  When  he 
moves,  this  femicirele  becomes  two  oblique  lines,  the 
jundlion  of  which  makes  an  angle,  which  he  applies  to* 
whatever  he  would  fix  himfelf  to.  The  two  lips  then 
make  a fort  of  hollow.  Both  thefe  and  its  mouth  are 
made  of  fo  fupple  fibres,  that,  they  take  the  figure  of 
the  part  they  are  applied  to,  and  fix  perfedlly  clofe 


to  it.  . . 

The  wounds  it  makes  are  not  pundlures,  but  three 
cuts  made  like  three  rays,  which  uniting  in  a centre 
make  equal  angles  with  each  other.  They  appear  as 
if  made  by  a fine  lancet.  They  are  indeed  made  by 
three  rows  of  fine  and  (harp  teeth,  which  the  microf- 


cope  (hews  to  be  placed  along  the  middle  of  a drong 
mufcle.  When  the  mouth  has  feized  on  any  part, 
the  mufcle  exerts  its  adtion,  and  drikes  in  all  the  teeth 

x • l f • * , 

at  once. 

Between  the  mouth  and  the  domach  there  is  a (mail 
fpace,  in  which  are  two  different  arrangements  of 

fibres. 
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ftbres.  x The  one  fet  are  flat  and  pdaini  the  others  are 
circular.  The  former  contracting  at  length,  enlarge 
the  capacity 'of  the  throat ; and  the  circular  ones  de- 
termine the  blood  toward  the  ftomach,  by  contracting 
it  when  the  blood  is  received.  Hence  it  pafles  into  a 
kind  of  membraneous  fack,  which  ferves  the  animal 
both  for  ftomach  and  inteftines.  This  takes  up  the 
greateft  part  of  its  body.  On  each  fide  of«  this  long 
canal  there  is  a number  of  little  bags.  Thefe  being 
filled  with  blood,  fwell  out  the  body  of  the  animal  to 
a large  fize.  Here  it  remains  for  many  months,  and 
ferves  the  creature  for  nourifhment.  If  any  thing  is 
excreted,  it  can  be  only  by  infenfible  perfpiration,  fince 
the  creature  has  no  anus,  nor  any  aperture  which  can 
fupply  the  place  of  one. 

Frogs  change  their  fkins  every  eight  days.  Toads, 
as  well  as  frogs,  are  harmlefs,  defenceless  creatures, 
and  their  greateft  crime  is  therr  uglinefs. 

Newly  generated  frogs,  which  fall  to  the  bottom, 
remain  there  the  whole  day  ; but  having  lengthened 
themfelves  a little,  (for  at  firft  they  are  doubled  up) 
they  mount  to  the  mucus  which  they  had  quitted,  ana  * 
feed  upon  it  with  great  vivacity.  The  next  day  they 
acquire  their  tadpole  form.  In  three  days  more  they  < 
have  little  fringes,  that  ferve  as  fins  beneat-h  the  head, 
arid  thefe,  four  days  after  affume  a more  perfect  form. 

It  is  then  they  feed  greedily  upon  the  pond- weed  ; and 
leaving  their  former  food,  on  this  they  continue  to  fub- 
fift,  till  they  arrive  at  maturity.  When  they  come  to  > 
be  ninety-two  days  old,  two  fmall  feet  begin  to  fprout 
near  the  tail ; and  the  head  appears  to  be  feparate  from*  - 
the  body.  The  next  day  the  legs  are  confiderably  en- 
larged ; four  days  after  they  refufe  all  vegetable  food  ; 
their  mouth  appears  furnilhed  with  teeth  ; and  their 
hinder  legs  are  completely  formed.  In  two  days  more 
the  arms  are  completely  produced,*  and  now  the  frog 
is  every  way  perfect,  except  that  it  ftitl  continues  to 
carry  the  tail.  In  this  odd  fituation  the  animal,  re- 
fembling  at  once  both  a frog  and  a lizard,  is  feen  fre- 
quently rifing  to  the  furface,  not  to  take  food,  but  to 
breathe.  In  this  ftate  it  continues  for  fix  or  eight 

\ . hours. 
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hours,  and  then  the  tail  idropping  off,  the  animal  api 
pears  in  its  perfect  form,  r ,1  . ? 

. Thus  the  frog,  in  lefs  than  a day,  having  changed 
its  figure,  changes  its  appetites  alfi>.  So  extraordi- 
nary is  this  transformation,  that  the  food,  it  fed  upon 
fo  greedily  but  a few  days  before,  is  now  utterly  re- 
jected. . It  would  even  ftarve,«  ife  fupplied  with  nd 
other.  As  foon  as  the  animal  acquires  its~ perfect  ftater 
it  becomes  carnivorous,  and  lives  entirely  upon  worms  * 
and  infeCls.'  But  as the  .water  cannot  fuppiy  . thefe,  it 
is  obliged  to  quit  its; native  element,  arid  feek  for  fobd’ 
upon  land,-  where  it  lives  by  hunting  worms^and  takings 
InfeCts  by  furprife.  ... 

“ Concerning  the  toad,  fays  Mr.  Arocott,  that  lived ; 
with  us  fo  many  years,  and  was  ^fo  great  p. favourite,* 
the  greateft  curiofity  was  its  being  fo  remarkably  tame  ; < 
it  had  frequented  fome:fteps  before  ourhall-door^.fQrne 
years  before  my  acquaintance  commenced  .with  it,  ancP 
had  been  admired  by  my  father  for  its  fize1  (being  the^ 
largeft  I ever  met  with)  who  conftantly  paid  it  a vifit 
every  evening.  I knew  it  myfelf  above  thirty  years  : 
and  by  conftantly  feeding  it,  brought  it  to  be  fo  tame 
that  it  always  came  to  the  candle  and  looked  up,  as  if 
expeCUng  to  be  taken  up  and  brought  upon  the  tabled  * 
where  I always  fed  it  with  infeCts  of  all  forts.  It  would 
follow  them,  and  when  within  a proper  diftance,  would 
fix  its  eyes,  and  remain  motionlefs  for  near  a quarter 
of  a minute,  as  if  preparing  for  the  ftroke,  which  was 
an  inftantaneous  throwing  its  tongue  at  a great  diftance' 
upon  the  infeCf,.  which  ftnck  to  the  tip,  by  a glutinous 
matter.  The  motion  is  quicker  than  the  eye  can  fol-r 
low.  I cannot  fay  how  long  my  father  had  beef,  ae- 
- quainted  with  the  toad  before  I knew  it ; but  when  I 
was  firft  acquainted  with  it,  he  ufed  to*  mention  it  as 
' the  old  toad.  I have  known  it  for  tjnirty-fix  years* 
This  toad  made  its  appearance  as  foon  as-  the  warm 
weather  came,,  and  retired  to  fome  dry  bank  to  repofe 
till  fpring.  When  we  new-laid  the  fteps,  I had  two 
holes  made  in  the  third  ftep,  on  each  fide,  with  an 
hollow  of  more  than  a yard  long  ; in  which  I imagined 
it  flept,  as  it  came  from  thence  at  its  firft  appearance. 

It  was  feldom  provoked.  Neither  that  toad,  nor  the 
multitudes  1 have  feen  tormented  with  great  cruelty, 

, ever 


ever  (hewed  the  Ieaft  defire  of  revenge.  In  the  heat  of 
the  day  toads  come  to  the  mouth  or  their  hole ; I be- 
lieve for  air.  I once,  from  my  parlour  window,  ob- 
ferved  a large  toad  I had  on  the  bank  bf  a bowling- 
green,  about  twelve  at  noon,  in  a very  hot  day,  very 
bufy  and  active  upon  the  grafs.  So  uncommon  an  ap- 
pearance made  me  go  out  to  fee  what  it  was  ; when  I 
found  an  innumerable  fwarm  of  winged  ants  had 
dropped  round  his  hole,  which  temptation  was  irre- 
fiftible.  Had  it  not  been  for  a tame  raven,  I make  no 
doubt  but  it  would  have  been  now  living.  This  bird 
one  day  feeing  it  at  the  mouth  of  its  hole,  pulled  it 
out,  and  although  I refcued  it,  pulled  out  one  eye, 
and  hurt  it  fo,  that  notwith (landing  it  lived  a twelve- 
month, it  never  enjoyed  itfelf,  and  had  a difficulty  of 
taking  its  food,  miffing  the  mark  for  want  of  its  eye.” 
All  toads  are  torpid  and  unvenomous,  and  fee k the 
darkeft  retreats,  not  from  the  malignity  of;  their  na- 
ture, but  the  multitude  of  their  enemies*- 
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an  incifion,  as  it  were,  which  in  a manner  cuts  them 
in  two  parts.  Of  thefe  I w'otfld  fpeak  the  more  large- 
ly, becaufe  generally  they  are  little  known. 

* “ * . . 9 - A t,  s* 

Rather  they  are  -defpifed,*  and  purpofeiy  -pa fled 
over,  as  unworthy  of  our  confi deration.  And  yet  it 
is  certain,  the  wifdom  of  the  great  Creator  does... inqft 
confpicuoufly  fliine  in  them. 

, 1.  As  to  the  fhape  of  their  bodies,  though  it  be 
fomewhat  different  from  that  of  birds,  being  for  the 
moft  part  not  fo  fharp  before,  to  cut  and  make  way 
through  the  air,  yet  it  is  better  adapted  to  their  man- 
ner of  life.  For  confidering  they  have  little  need  pf 
long  flights,  and  that  the  Jhength  andv  activity  oF 
their  wings,  far  furpafs  the  refrftance  they  meet  with 
from  the  air,  there  was  no  occafion  for  their  bodies  to 
be  fo  fharpened.  *But  the,  nature  of  their  food,  -the 
manner  of  .gathering  it,  and  the  I great  neceffity  they 
had  of  accurate  vifion,  and  large  eyes  in  otiier  there- 
to, required  the  largenefs  of  the  head;  ..and- its  ampli- 
tude  before  the  reft  of  the  body  is  all  well  made,  and'' 
nicely  poiifed  for  their  flight  and  other  oecafions. 

The  make  of  their  bodies  is  no  lefs  admirable  A not 
built  throughout  with  bones,  covered  oyer  with  flefli,  ^ 
and  then  with  Ikin,  as  in  moft  other;  animals  : .but  - 
clothed  with  a curious  mail  of  a'-'niiddle  nature,  wrwi 
mg  both  as  a {kin  and  bone  too;  as  it  were  on  puipofe 
to  fhew,  that  , the  great  Contriver  of  nature -is  not 

bound  up  to  one  way  only.  : - x ~ 

TJT  o m lvaVrW  are  the  leers  atla  wings  fitted  TOf 


I 
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trtVe'd  Wtiiis  fervice  than  the  wings  ? Diftended  arfd 
ftrengthened  by  the  finbft  bones ; acid  thefe  covered 
with  the  fined  and  lighted. membranes  ; and  many  of 
them  provided  with  the  fined  hrticulations,  and  fold- 
ings, in  order  to  be  laid  up  in  their  cafes,  when  they 
do  not  ufe  them  | and'  yet ‘ always  ready,  to  be  ex- 
tended for  flight 

2.  The  drtnd’ure  of  the  eye  is  in  alhcreatures  an  ad-  ' 
mirable  piece  of  mechanifm.  But  this  is  peculiarly' 
obfervable  irt  that  of  an  infeft.-  Its  hardrtefs  is  ■air  ex- 
cellent guard  againft  external  injuries-;  and  its  outer 
coat  is'  all  ovfer'befet  with 'Curious,  transparent  inlets,  ~ 
enabling  it  to  fee  eVery  way,'  without  any  lofs  of  time,  * 
■ or  trouble  tb  move  the  eyes.'  > 

And  their  feelers,  befides  their  ufe  in  cleaning  the  ' 
eyes,  are  a good  guard  to  them  in  their  walk  or  flight, : 
enabling  them  by  the  fenfe  of  feeling  to  difcover  an- 
noyances, which,  by  their  nearnefs,  might  efcape 
the  fight. : , 

The^feye  of  a fly  is  in  trttth  an  affemblage  of  multi- 
tudes, ' often  many  thoufands  of  fmall  eyes.  Nature 
has  given  each  fly  two  large  reticular  eyes  (that  are 
covered  with  a krnd'of' net-work.  ) And  as  each  con- 
tains fuch' a*  multitude  of  fmaller  eyes,  one  would 
imagine  thrs  might  fuffice.  Yet  fome  flies  have  four 
reticulfir  eyes  \ the  two  fmaller  are  placed  as  ufual, 
the  two  larger  ! arc  behind  the  other,  on  the  upper - 
part  of  the  head;14-  • 

In  different  fpecies  the  reticular  eyes  are  of  different 
colours.  ’ Some  are  brown,  fome  yellow,- green,  red,', 
and  this  in  ‘all  the  different  fliades  of' thofe  colours. 
And  fome  have  the  glofs  of  metals  highly  pdHhed. 

But  befide  thefe,  many  fpecies  of  flies  have  a fort  of 
eyes,  which  are  not  reticular,  but  of  a perfectly 
finooth  and  even  furface,  and  far  fmaller  than  the  re- 
ticular. - Three  of  thefe  are  on  the  back  of  the  head 
of  vaft  numbers,  which  are  triangularly  placed.  Some 
have  more,-and- fome' have  lefy  than  three. Gnats 
have  none  of  Their  heads  are  in  a manner  co- 

vered with  their  rfeticular  eyes,  fo  as  to  leave  no  room 
or  occafion  for  fmooth  ones;  . , , • 

Nor  are  thefe  fmooth  eyes  peculiar  to  flies.  Other 

infers 


r 


{ « > 

in  Teds  alfo  have  them  : the  grafshopper  in  particular 
has  two,  which  are  placed  near  the  nofe. 


3.  The  fpecies  of  infers  are  almoft  innumerable. 
All  of  thefe,  fome  fuppofe  to  have  no  heart,  as  they 
have  no  fenfible  heat,  none  that,  can  be  perceived  ei- 
ther by  the  touch,  or  by  any  other  experiment.  But 
this  is  a miftake.  Many  indeed  have  not.fuch  a heart 
as  other  animals  have  :■  but  all  have  Something  analo- 
gous.to  it,  fomething  that  anfwers  the  fame  purpofe. 

Some  likewife  have  thought,  that  infers  have  no 
refpiration.  But  later  experiments  (hew,  that  there  is 
no  fpecies  of  them  which  has  not  lungs,  and  thefe 
larger  in  proportion  than  other  animals.  In  moft  of 
them  they  lie  on,  or  near  the  furface  of  the  body. 
And  hence  it  is,  that  if  flies  are  befr.ieared  with  oU, 
or  any  other  unftuous  matter,  they  die  in  a fhort'time, 
. their  refpiration  being  ftopt,  fo  that  they  are  properLy 
Suffocated. 


m 


4s  Some  alfo  have  imagined,  that  infers. were  ge- 
nerated out  of  mere  putrefaction,  becaufe  they  ob- 
lerved  worms  come  out  of  putrefied  flefh,  which  after- 
wards turned  to  flies.  But  it  is  certain,  if  putrefying 
flefh  be  fhut  up  clofe,  no  worms  are  ever  generated 
from  it.  Hence  we  learn,  that  flies  lay  their  eggs  in 
flefh,  which  hatch  when  it  putrefies : fo  that  the  ani- 
mal juft  comes  to  life  when  its  food  is  ready  for  it. 
All  infeCts  lay  their  eggs,  where  there  is  heat  enough 
to  hatch  them,  and  proper  food  as  foon  as  they  are 
hatched.  Thofe  whofe  food  is  in  the  water,  lay  their 
eggs  in  the  water:  thofe  to  whom  flefh  is  a proper 
food,  in  flefh:  thofe  to  whom  the  fruits  or  leaves  of 
vegetables  are-food,  are  depofited  on  the  proper  fruits 
or  leaves.  And  conftantly  the  fame  kind  is  found  on 
the  fame  fruit  or  plant.  Thofe  that  require  more 
warmth,  are  lodged  by  the  parent,  in  or  near  the  body 
of  fome  animal.  And  as  for  thofe  to  whom  none 
of  thefe  methods  are  proper,  the  paints  make  them 
nefts  by  perforations  in  the  earth,  iawood,  in  coiphs: 
carrying  in  and  fealing  up  provifions,  that  ferve  both 


' The  eggs  of  all  infeds  become .-worms*  commonly 
called  nymphae.  They  are  next  changed  into  aureliae, 
fo  called,  enclofed  in  a cafe  y>  and  thefe  dying,  a fly  or 
butterfly  fucceeds.'  *-  / 

Some  aurelia  fhine  like  polifhed  gold;  From  the 
beautiful  and  refplendent  colours,  fome  authors  have 
called  it  a chryfalis,  implying  a creature  made  of*  gold. 
This  brilliant  hue,  which  does  not  fall  fliort  of  the  beft 
gilding,  is  formed  in  the  fame  manner  in  whigh  we 
iee  leather  obtain  a gold  colour, ; thotfgh  none  of  that 
metal  ever  enters  into  the  tindture.  It  is  only  formed 
by  a brown  varnifh  laid’  upona  white  ground ; and  the 
light  thus  gleaming  through  the  tranfparency  of  the 
brown  gives  a charming  golden  yellow*  Thefe  two 
colours  are  foufid  one  over  the  other  in. the  aurelia 
and  the  .whole  appears  gilded,  without  any  real  gild-" 
ing.  v * 

To  trace  thefe  wonderful  changes  a little,  in  one 
kind  of  infedtsr  A filk-worm,  from*a  fmall  egg,  be-" 
comes  a worm  of  the  caterpillar-kind,  and  feeds  on 
mulberry-leaves,  till  it  comes  to  maturity.  T&en  it 
winds  itfelf  up  into  a filken  cafe,  about  the  fize  and 
lhape  of  a pigeon’s  egg,-  and  is  metamorphofed  into 
an  aurelia,  in  which  ftate  it  has  no  motion  or;  fign  of 
life  : till  at  length  it  awakes,  breaks  through  its  filken7 
fepulchre,  and  appears  a butterfly.  „ . ; 

As  foon  as  the  filk-worm  has  ftrength,  he  makes  his 
web,  a flight  ^tilfue,  which  is  the  ground  of  this  admi  \ 
rable  work.  This  is  his-firft  day’s  employ,  . On  the" 
fecond,  he  covers  himfelf  almoft  over  with  filk.  The 
third,  he  is  quite  hidv  The  following  days  he  em- 
ploys in  thickening  his  ball,  always  working  from  one 
Angle  end  fo  fine  a thready  that  thofe  who  have  exa-" 
mined  it,  affirm  it  would  reach  fix  miles. 

The  filk-fpider  makes  a*  thread,  every  whit  as  ftrong, 
glofly,  and  beautiful  as  the  filk-worm.-  It  fpins  from 
i'even  nipples.  Thefe,  as  fi> many  wire-drawing.  irons, 
draw  out  a vifcous  liquor,  which  gradually  dtiejs  in 
the  air,  and  becomes  liik.*  : vl  : 4 

. Each 


* All  boneless  in  sects  are  hermaphrodites,  as  are  snails,  leech- 
es, and  many  sorts  of  worms.  But  such  worms  as,  become  flies 
are  not,  being  indeed  of  110  sex. 


( * ) 

Each  of  thefe  nipples  contains  many  fmaller  nip- 
ples, invifible  to  the  naked  eye ; through  the  federal 
perforations,  whereof,  numberlefs  finer  threads  are 
drawn,  before  the  fpiders  begin  to  fpin,  they  apply 
more  or  fewer  of  the  large  nipples  to  the  body  whence 
the  web  is  begun.  And  as  they  apply  them  more  or 
lefs  ftrongly,  more  or  fewer  of  the  fmaller  nipples 
come  to  touch  : and  accordingly  the  whole  thread  will 
be  compounded  of  more  or  fewer  Angle  threads* 
One  compound  thread  frequently  confifts  of  fifteen  or 
fixteen  fingle  ones. 

Their  threads  are  of  two  kinds  : one  ferves  only  for 
the  web  with  which  they  catch  flies.  The  other  is 
much  thicker  and  ftronger,  in  which  they  wrap  up 
their  eggs,  in  order  to  (belter  them  from  the  cold,  as 
well  as  from  devouring  infetts.  Thefe  threads  they 
wind  loofely  round,  relembling  the  balls  of  filk- worms 
that  have  been  loofened  for  the  diftafF. 

9 

The  balls  are  grey  at  firft,  but  turn  blackifli  when 
long  expofed  to  the  air.  From  thefe  balls  a filk  is 
made,  nothing  inferior  to  the  common  filk.  It  takes 
all  kinds  of  dyes,  and  may  be  made  into  all  kinds  of 
fluffs.  Only  there  is  a difficulty  in  keeping  the  fpi- 
ders ; for  they  are  fo  extremely  quarrelfome,  that  if  a 
hundred  of  them  be  put  together,  in  a few  hours 
fcarce  twenty  will  be  alive. 

i 

5.  Amazing  wifdom  is  difplayed  in  the  make  of  the 
common  fpider.  She  has  fix  teats,  each  furnifhed 
with  innumerable  holes.  The  tip  of  each  teat  is  di- 
vided into  numberlefs  little  prominences,  which  ferve 
• to  keep  the  threads  apart  at  their  firft  exit,  till  they 
are  hardened  by  the  air.  In  every  teat,  threads  may 
come  out  at  above  a thoufand  holes.  But  they  are 
formed  at  a confiderable  diftance*  each  of  them  hav- 
ing a little  fheath,  in  which  it  is  brought  to  the  hole. 
In  the  belly  are  two  little  foft  bodies,  which  are  the 
firft  fource  of  the  filk.  In  fhape  and  tranfparency 
they  refemble  glafs  beads,  and  the  tip  of  each  goes 
winding  toward  the  teat.  From  the  root  of  e^ch 
bead  proceeds  another  branch  much  thicker,*  which 
alfo  winds  towards  the  fame  part.  In  thefe  beads  and 
their  branches  is  contained  the  matter  of  which  the 

filk 
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filk  is  formed,  the  body  of  the  bead  being  a kind  of  re-^ 
fervoir ; the  two  branching  canals  proceeding  from* 
it. 

It  was  before  obfervfcd,  that  the4  tip  of  each  tea t 
may  give  paffageto  above  a thoufand  threads.  And 
> yet  the  fize  of  the  teat  in  the  largeiV  fpider  does  not 
exceed  a fimall  pin’s  head.  Bur  the  frnallelf  fpiders  no 
fooner  quit  their  eggs  than  they  begirt  to  fpiti;  Indeed 
their  threads  can'  fcarce  he  perceived, \ but  the  web 
formed  thereof  k as  thick  and  elofef  as  any;  And  no  * 
wonder,  as  four  or  five  hundred  little  fpiders  often 
concur  in  the' feme  work;  How^minute  are  their  teats  I- 
When  perhaps  the  whole-  fpider  is  lefs  thtiri*  the  teat  of-* 
its  parent.  Each  parent  lays  four  or  five  hundred 
eggs,  all  wrapt  up  hr  a bag.  - And  as  foon  as  the  ‘ 
young  ones  have  broken  through  the  bagy  they  begin J 
to  fpin* 

And  even  this  is  not  the  .utmoft  which  nature  does? 
There  are  fome'kinds’of  fpiders  fo  fmall,  asmbt  to  be ' 
difcerned  without  a microfcope.  • And  yet  there  are" 
webs  found  under  them  i What  muft  be  the  finenefs < 
of  thefe*  threads  ?•  Tb  one  of  thefe  the  fineft  hair  is  as  *’ 
a cart-rope.  ■ ‘ ' 

There"  are  fevbral  fpecies  of  fpiders  that:fly,  and* 
that  to  a fup ri fin g height.  u The  laft  O&eber,”  fays 
an  eminent  wiiter,  u I took  notice  that  the  air  was  ve- 
ry full  of  webs.-  I forthwith  mounted  to  the  top  of 
the  highbfl:  fteeple  on  the  Minder  [in  York]  and  could- 
thence  dlfcern  tJheixryet  exceeding  high  above  me. 
Some  of  the  fpiders  that  fell  upon  the  pinnacles!  took,* 
and  found  them  to  be  of  a kind,  which  fekfom  or  ne-  - 
Wer  enter  houfes  and  cannot  be  iuppofed  to  have  taken 
their  flight  from  the  fteeple;’ 

There  are  divers  animals  as' Well  as  fpiders,  that1 
have  fome  way  of  conveyance,  utterly  unknown  to 
us.  Thus  the  animals  on  the  (landing  waters,  fo  nu- 
merous as ' often  to  dHcolour  them,  and  tinge  thenir 
red,  yellow,  or  green.-  That  thefe  have  feme  way  of 
conveyance  is  certain, •*- Becaufe  not  only  mod  ftagnat- 
ing  waters  are  ftocked  With  them,  yea,  not  only  new 
pits  and"  ponds,  but  even  holes,  and  gutters  on  the  top 
of  houfes,  churches,- and  fteeples.  That  they  have 
- not  legs^  for  travelling  fo  far,  is  manifefi ; it  is  there— 

A 3 fore 
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fpre  probable,  either  that  they  dart  out  webs,  and  can 
make  themfelves  buoyant,  and  lighter  than  the  air  * 
or  that  their  bodies  are  naturally  lighter  than  air,  and 
ib  they  can  fv/im  from  place  to  place.  ' It  is  highly 
probable,  the  eggs  of  fuch  as  are  oviparous  may  be 
light  enough  to  float  therein. 

, To  trace  this  matter  farther : every  one  muft  have 
©bferved  threads  floating  in  the  air : but  few  confider 
what  end  they  ferve.  They  are  the  worts  of  fpiders, 
Theif  ufual  method  is,  to  let  down  a thread,  and  then 
draw  it  after  them.  But  in  the  midft  of  this  work 
they  fometimes  deft  ft  ; and  turning  their  tail  accord- 
ing  to  the  wind,  emit  a thread  with  as  great  violence, 
as  a.  jet  of  water  difcharged  from  a cockf  Thus  they 
continue  darting  it  out,  which  the  wind  carries  for- 
ward, till  it  is  many  yards  long.  Soon  after,  the 
fpider  throws  herfelf  off  from  her  web,  and  milling 
herfelf  to  the  air,  with  this  long  tail,  will  afcend 
fwift,  and  to  a great  height  with  it.  Thefe  lines, 
which  the  fpiders  attach  to  them  (though  unobferved) 
make  thefe  air-threads,  that  waft  them  along  the  air, 
and  enable  them  to  prey  on  many  infedls,  w’hich  they 
could  not  reach  by  any  other  means. 

All  fpiders  that  fpin,  young  as  well  as  old,  caft  out 
their  threads,  and  fail  thereby  in  the  air.  And  the 
threads  themfelves  {hew  the  ufe  thereof,  being  ufually 
bung  with  the  fragments  of  devoured  animals. 

When  the  threads  are  newly  fpun,  they  are  always 
ftngle,  and  are  generally  feen  afcending  higher  and 
higher.  But  when  they  are  feen  coming  down,  they 
are  fomefimes  compofed  of  three  or  four,  and  either 
.without  any  fpider  or  with  feveral.  It  is  plain  this  hap- 
, pens  from  the  threads  meeting  and  entangling  in  the 
tair,  which  of  courfe  brings  them  dowrn. 

It  is  common  to  fee  a ipider  mount  to  the  topmoft 
branch  of  a bulb,  and  from  thence  dart  out  feveral 
threads  one  after  another,  trying,  as  it  were,  how  flic 
likes  them.  When  fhe  has  darted  one  feveral  yards, 
{he  will  of  a fudden  draw  it  up  again,  and  wind  it  in- 
to a link  with  her  fore-feet,  but  more  frequently  break 
it  off,  and  let  it  go.  A fpider  will  fometimes  dart  out 
and  break  off  many  threads,  before  it  fpins  one  that  it 
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will  .truft  to.  But  at  length  fhe  fpins  one  to  her 
liking,  and  commits  herfelf  to  the  air  upon  it. 

The  bufinefs'  of  feeding  is:  not  all  the  ufe  of  thefe 
threads  ; but  they  evidently  fport  and  entertain  them- 
felves  by  means  of  them,,  floating  to  and  fro  in  the  any 
and  changing  their  height  at  pleafure. 

Thefe  air-threads  are  nots  only  found  in  autumn*- 
. but  even  in  the  depth  of  winter.  The  ferene  days  at 
Chriftmas  bring  out  many:  but  they  are  only  ftiort 
and  {lender,  being  the  work  of  young  fpiders,  hatched' 
in.  autumn,  and>  are  thrown  out  as  it  feems  only  in 
fport.  The  thicker  ones  of  autumn  are  the  only  ones.* 
intended  to  fupport  the  old  fpiders^  when  there  is; 
plenty  of  fmall  flies  in  the  air,  which  make  it  worth* 
their  while  to  fail  among  them. 

6.  A tarantula  is  a kind  of  fpider,  chiefly*  found  near® 
the  city  of  Tarentum,  in  Apulia.  It  is  about  thefize' 
of  an  acorn,  and  has  eight  eyes  and  eight  feet.  Its 
(kin  is  hairy  ; from  its  mouth  rife  two  trunks,-  a little 
crooked  and  exceeding  fharp.  Through  thefe  it  con- 
veys its  poifon : they  feem  likewife  to  be  a kind  of 
moving  noftrils,  being  in  continual  motion,  efpecially 
when  it  is  feeking  its  food.  It  is  found  in  other  parts 
of  Italy,  but  is  dangerous  only  in  Apulia.  And  there 
it  does  little  hurt  in  the  mountains  (which  are  cooler)? 
but  chiefly  on  the  plains.  Indeed  it  is  not  venomous, 
but  in  the  heat  of  fummer,  particularly  in  the  dog- 
days.  It  is  then  fo  enraged  as  to  fly  upon  any  that 
come  within  its  reach. 

The  bite  caufes  a pain,  like  that  by  the  flinging  of 
a bee.  In  a .few  hours  the  patient  feels  a numbnefs, 
and  the  part  is  marked  with  a fmall  circle,  which  foon 
rifes  into  a painful  tumour.  A little  after  he  falls  into 
a deep  fadnefs,  breathes  with  much  difficulty,  his 
pulfe  grows  feeble,  and  his  fenfes  dull.  At  length  he 
lofes  all  fenfe  and  motion,  and  dies,  unlefs  fpeedily 
relieved^  A naverfion  to  blue  and  black,  and  an  affec- 
tion for  white,  red,  and  green,, are  other  unaccounta- 
ble fymptoms  of  this  diforder. 

There  is  no  remedy  but  one.  While  he  lies  fenfelefs 
and  motionlefs,  a mufician  plays  feveral  tunes.  When 
jbe  hits  on  the  right,  the  patient  immediately  begins  to 
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make  a faint  motion.  His  fingers  firft  move  in  ca- 
dence, then  his  feet : then  his  legs,  and  by  degrees 
his  whole  body.  /At  length  he  rifes  on  his  feet,  and 
begins  to  dance,  which  fome  will  do  for  fix  hours 
■without  intermiffion.  After  this  he  is  pat  to  bed,  and 
when  his  ftrength  is  recruited,  is  called  up  by  the 
fame  tune  to  a fecond  dance. 

This  is  continued  for  fix  or  feven  days  at  leaft,  till 
he  is  fo  weak,  that  he  can  dance  no  longer.  This  is 
the  fign  of  his  being  cured  ; for  if  the  poifon  atffed 
ftill,  he  would  dance  till  he  dropt  down  dead.  When 
he  is  thoroughly  tired  he  awakes  as  out.  of  fleep,  with- 
out  remembering  any  thing  that  is  part.  And  fome- 
times  he  is  totally  cured  ; but  if  not,  he  finds  a me- 
lancholy gloom,  Hums  men,  feeks  water,  and  if  not 
carefully  watched  leaps  into  a river.  In  fome  the  dif— 
order  returns  that  time  twelvemonth,  perhaps  for 
twenty  or  thirty  years.  And  each  time  it  is  removed 
as  at  firft;  Can  even  Dr.  Mead  account  for  this  ? 

Equally  unaccountable  are  the  two  relations  pub- 
lished fome  years  fince,  by  a pbyfician  of  undoubted 
credit.  The  firft  is,  a gentleman  was  feized  with  a 
violent  fever,  attended  with  a delirium.  On  the  third 
day  he  begged  to  hear  a little  concert  in  his  chamber. 
It  was  with  great  difficulty  the  phyfician  confented. 
From  the  firft  tune,  his  face  aftumed  a ferene  air,  his 
- eyes  were  no  longer  wild,  and  the  convulfions  ceafed. 
He  was  free  from  the  fever  during  the  concert ; but 
when  that  was  ended,  it  returned.  The  remedy  was 
repeated,  and  both  the  delirium  and  fever  always 
ceafed  during  the  concerts.  In  ten  days,  mufic 
wrougnt  an  entire  cure,  and  he  relapfed  no  more. 

The  other  cafe  is  that  of  a dancing-mafter,  iwho 
through  fatigue,  fell  into  a violent  fever.  On  the 
fourth  or  fifth  day  he  was  feized  with  a lethargy,  which 
after  fome  time  changed  into  a furious  delirium.  He 
threatened  all  that  were  prefent,  and  obftinately  refufed 
all  the  medicines  that  were  offered  him.  One  of  them 
that  perhaps  mufic  might  a little  compofe  his 
imagination,  a friend  of  his  took  up  his  violin,  and  be- 
gan to  play  on  it.  The  patient  ftarted  up  in  his. bed, 
like  one  agreeably  furprifed,  and  fliewed  by  his  head 
(his  arms  being  held)  the  pleafure  he  felt.  Thofe  who 
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held  his  arms,  finding  the  effefls  of  the  violin,  loofeis*  • 
ed  their  hold,  and  let  him  move  them,  according  to 
the  tunes.  In  about  a quarter  of  an  hour,  he  fell  into 
a deep  fleep.  When  he  awoke  he  was  out  of  all  dan- 
ger. 

We  have  many  other  odd  accounts  of  the  power  of 
mufic  ; and  it  muft  not  be  denied,  but  that  on  fome 
particular  occafions,  mufical  founds  may  have  a very 
powerful  effeft.  I have  feen  all  the  horfes,  and  cows 
in  a field,  where  there  were  above  a hundred,  gather 
round  a perfon  that  was  blowing  a French  horn,  and 
feeming  to  teftify  an  aukward  kind  of  fatisfa&ion. 
Dogs  are  well  known  to  be  very  fenfible  of  different 
tones  in  mufic  ; and  I have  fometimes  heard  them 
fuftain  a very  ridiculous  part  in  a concert. 

The  great  old  lion  which  was  fome  years  fince  kept 
at  the  infirmary  in  Edinburgh,  while  he  was  roaring 
with  the  utmoft  fiercenefs,  no  fooner  heard  a bag-pipe, 
than  all  his  fiercenefs  ceafed.  He  laid  bis  earclofe  to 
the  front  of  the  den,  nibbled  his  nofe  and  his  teeth 
againft  the  end  of  his  pipe,  and  then  rolled  upon  his 
back  for  very  glee.  I have  feen  a German  flute  have 
the  fame  effect  on  an  old  lion,  and  a young  tyget  in 
the  tower  of  London. 

i 

7.  There  is  found  m America  a kind  of  fpider  more 
milchievous  than  even  the  tarantula,  chiefly  in  the 
vallies  of  Neyba,  and  others  within  the  jurisdiction  of 
Popayon.  It  is  called  a coya.  It  is  much  lefs  than  a 
bug,  and  is  of  a fiery  red  colour.  It  is  found  in  the 
corners  of  walls  and  among  the  herbage.  On  fqueez- 
ing  it,  if  any  moifture  from  it  falls  on  the  Ikin  of  ei- 
ther man  or  bead,  it  immediately  penetrates  the  flefb, 
and  caufes  large  tumours,  which  are  foon  followed  by 
death. 

The  only  remedy  is,  on  the  firft  appearance  of  a 
fwelling,  to  finge  the  perfon  all  over  the  body  with  a 
flame  of  ftraw,  or  of  the  long  grafs  growing  on  thofe 
plains*  This  the  Indians  perform  with  great  dexte- 
rity, fome  holding  him  by  the  feet,  others  by  the 
hands. 

Travellers  here  are  warned  by  their  Indian  guides, 
if  they  feel  any  thing  crawl  on  their  neck  or  face,  not 
even  to  lift  their  hand,  the  coya  being  of  fo  delicate  a 
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texture,  that  It  would  immediately  burflh  But  let 
them  tell  the  Indian  what  they  feel,  and  he  comes 
and  blows  it  away. 

The  beads  which  feed  there,  are  taught  by  indin<dy 
before  they  touch  the  herbage  with  their  lips,  to  blow 
• on  it  with  all  their  force,  in  order  to  clear  it  of  thefe 
pernicious  vermm.  And  when  their  fmell  informs 
them,  that  a coya’s  ned  is  near,  they  immediately  leap 
and  run  to  fome  other  part.  Yet  fometimes  a mule, 
after  all  his  care,  has  taken  in  a coya  with  his  padure. 
In  this  cafe  after  fwelling  to  a frightful  degree,  it  ex- 
pires upon  the  fpot.  Thus  does  even  the  irrational 
creation  “ groan  and  travel  in  pain  together,”  until  it 
fball  be  “ delivered  into  the  glorious  liberty  of  the 
' children  of  God  !” 

8.  Mention  was  made  of  the  extreme  fmallnefs  of 
fome  fpiders.  But  how  much  fmaller  are  thole  ani- 
malcula, difcerned  by  the  microfcope  i Thefe  are  in 
almod  all  water.  Even  in  that  wherein  the  bed  glades 
can  difcover  no  particles  of  animated  matter,  after  a 
few  grains  of  pepper,  or  a fmall  fragment  of  a plant 
of  almod  any  kind  has  been  fometime  in  it,  animals 
full  of  life  are  produced  and  fo  numerous  as  to  equal 
the  fluid  itfelf  in  quantity. 

A fmall  quantity  of  water  taken  from  any  ditch  in 
fummer,  is  found  to  abound  with  jiid  ftich  creatures, 
only  larger.  Nay  any  water,  fet  in  open  veffels  in  the 
. fummer  months,  will  after  a few  days,  yield  multi- 
tudes of  them. 

Thefe  we  know  by  their  future  changes  are  the  fly- 
Worms  of  gnats,  and  feveral  other  forts  of  flies.  And 
we  eafily  judge,  they  owe  their  origin  to  the  eggs  of 
the  parent-fly  there  depofited.  No  doubt  then  but 
the  air  abounds  with  other  animalcula,  as  minute  as 
the  worms  in  thefe  fluids.  And  thefe  are  the  flying 
worms  of  thefe  animalcula  which  after  a proper  time 
fpent  in  that  date,  will  become  flies  like  thofe  to  which 
they  owe  their  origin. 

The  waters  in  which -different  liquors  are  infufed 
afford  a proper  matter  for  the  worms  of  different  fpe- 
cies  of  flies.  And  fome  of  thefe  dcubtlefs  are  vivipa- 
rous, others  oviparous.  This  may  occadoa  the  diffe- 
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rent  time  taken  up  for  producing  infers  in  different 
fluids*  Thofe  proper  for  the  worms  of  a viviparous 
fly,  will  b£  fooneft  full  of  them  : whereas  a longer 
time  is  required  to  hatch  the  eggs  of  the  oviparous. 

■ Now  every- animalcule  being  an  organized  body, 
how  delicate  muft  the  parts  be  that  are  neceffary  to 
make  it  fuch,  and  to  preferve  its  vital  actions  ? It  is 
hard  to  conceive,  how  in  fo  narrow  a compafs,  there 
is  a heart,,  to  be  the  fountain  of  life,  mufcles  neceffary 
for  its  motion,  glands  to  fecrete  its  fluids,  ftomach  and 
bowels  to  digeft  its  food,  and  other  innumerable  parts, 
without  which  an  animal  cannot  fubfift.  And  every- 
one of  thefe  muft  have  fibres,  membranes,  coats,  veins, 
arteries,  nerves,  and  an  infinite  number  of  tubes,  whofe 
fmallnefs  exceeds  all  efforts  of  imagination.  And  yet 
there  are  parts  that  muft  be  infinitely  fmaller  than 
thefe,  namely  the  fluids  that  move  through  them,  the 
blood,  lymph  and  animal  fpirits,  whofe  fubtility  even  in 
large  animals,  is  incredible.  .. 

As  to  fome  of  the  animalcules  obferved  by  Lewen- 
hoeck,  he  computed,  that  three  or  four  hundred  of  them 
placed  clofe  together  in  a line,  would  only  equal  the 
diameter  of  a grain  of  fand.  Twenty-feven  millions 
then  of  thefe  animals  equal  in  bulk  a grain  of  fand  ! 

But  Hartfoeker  carries  the  matter  ltill  farther,  if, 
fays  he,  according  to  our  prefent  fyftem  of  generation, 
all  animals  were  formed  from  the  beginning  of  the 
world,  and  enelofed  one  within  another,  and  all  of 
them  in  the  firft  animal  of  each  fpecies : how  minute 
muft  the  animalcula  produced  now,  have  been  at  the 
beginning  ? 


9.  Even  the  meaneft  and  moft  contemptible  of  in- 
feds,  fhews  the  wifdom  of  its  Creator.  Fleas,  for  in- 
ftance,  depofit  their  eggs  only  on  fuch  animals  as  af- 
ford them  a proper  food.  Thefe  hatch  into  worms  of 
a fliining  pearl-colour,  which  feed  on  the  feruff  of  the 
cuticle.  In  a fortnight  they  are  very  adive,  and  if 
difturbed,  fuddenly  roll  themfelves  into  a ball.  Soon 
after  they  begin  to  creep,  with  a very  fwift  motion. 
When  arrived  at  their  full  fize,  they  fpin  a thread  out 
of  their  mouth,  wherewith  they  form  themfelves  a 
-cafe.  After  a 'fortnight’s  reft  here,  each  of  them 
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Burffs  a perfeft  flea,  leaving  its  exuviae  behind.  It  Ik 
milk-white  till  the  fecond  day  before  its  eruption : then 
it  changes  colour  and  gets  ftrength,  fo  that  upon ‘its 
firft  delivery,  it  fprings  nimbly  away. 

Minute  animals  are  found  proportidnabTy  much 
ftronger  and  more  a&ive  than  large  ones.  The  fpring 
©f  a flea  in  its  leap  vaftly  exceeds  any  thing  greater 
animals  are  capable  of.  Mr.  B6  Lrfle  has  computed 
the  velocity  of  a little  creature,  which  ran  three  inches 
in  half  a fecond.  Now  fuppofing  its  feet  to  be  the  fif- 
teenth part  of  a line,  it  mufl  then,  in  order  to  travel 
over  fuch  a fpace  in  fuch  a time,  make  five  hundred 
fteps  in  the  fpace  of  three  inches: "that  is,  ifiuft  fhift 
its  feet  five  hundred  times  in  a fecond,  or  in  the  ordi-’ 
, nary  pulfation  of  an  artery.  What  is  the  motion  of 
any  large  animal,  in  comparifon  of  this  ? Or  what  isf- 
the  fwiftneis  of  a greyhound  or  a race-horfe,  to  that  of 
fuch  an  'animalcule  ? 

The  body  of  a flea  appears,  by  a microfcope,  to  be 
all  over  curioufly  adorned  with  a fuit  of  polifhed  fable 
armour,  neatly  jointed,  and  befet  with  multitudes  of 
(harp  pins.  It  has  fix  legs,  the  joints  of  which  are  fe. 
adapted,  that  it  can  fold  them  up  one  within  another  ; 
and  'when  it  leaps,  they  all  fpring  out  at  once,  whereby 
its  whole  ftrength  is  exerted,  and  the  body  raifed  above 
two  hundred  times  its  own  diameter* 


10.  A loufe  alfo  affords  to*  our  obfervaticn  a very 
delicate  ftructure  of  parts.  It  is  divided  into  the  head,  - 
the  bread:,  and  the  tail.  In  the  head  appear  two  fine 
black  eyes,  with  a horn  that  has  five  joints,  and  is  fur- 
rounded  with  hairs,  ftanding  before  each  eye.  From 
the  nofe  projects  in  a fheath  the  piercer  or  fucker,  / 
which  it  thrufts  into  the  fkin.  This  is  judged  to  be 
feven  hundred  times  finer  than  a hair.  It  has  no 
other  mouth  than  this. 

The  fkin  of  rhe  breafl  is  tranfparent,  and  from  the 
tinder  part  of  it  proceed  fix  legs,  each  having  five 
joints ; each  leg  is  terminated  by  tw?o  claws,  which  it 
ufes  as  we  W'Ould  a thumb  and  middle  finger. 

If  one  of  them,  w hen  hungry,  be  placed  on  the  back 
of  the  hand,  it  will  thruft  its  fucker  into  the  fkin,  and 
the  blood  it  fucks  may  be  feen  pafling  in  a fine  flream 
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to  the  fore-part  of  the  head.  Falling  into  a roundifh 
cavity  there,  it  paffes  on  to  another-  receptacle  in  the 
middle  of  the  head.  . Thence  it  runs  to  the  breaft,  and 
then  to  a gut  which  reaches  to  the  hinder  part  of  the 
body,  where  in  a curve  it  turns  again  a little  upward. 
It  then  ftands  ftill,  and  feems  to  undergo  a reparation  t 
feme  of  it  becoming  clear  and  watry*  while"  other 
Mack  particles  pafs  down  to  the  anus. 

Lice  are  not  hermaphrodites  y and  the  males  harev 
ftitigs,  which  the  females  have  not;  A female  lays  in- 
twelve  days  a hundred  eggs,  which  hatch  in  fix  days. 
Suppofe  thefe*  produce  fifty  males,  and  as*  many  fe- 
males thefe  females  coming  to  their  full  growth  in 
eighteen  days  may  each  in  twelve  days  lay  a hundred 
eggs  more.  And  thefe  in*  fix  days  more  may  produce  - 
a young  brood  of  five  thoufand.  So  fwifty  do  thefe* 
creatures  multiply  l 

Mo  ft  animals  are  fubjedt  to  lice,  but  each  of  a difir 
ferent  kind,  and  none  of  them  like  the  human.  Nayr 
even  infedfs  are  not  free.  Beetles,  ear-wigs  and  fnails, 
are  particularly  fubjedt  to  them.  Numberlefs  little  red 
lice  are  often  feen  about  thedegs  of  Ipidersv  A fort  of 
whitifh  lice  are  common  on  bees.  They  are  alfo  found 
on  ants. 

Fifties,  one  would  think,  living  in  the  water,  and  per- 
petually moving  to  and  fro,  (hould  be  free  from  lice. 
But  they  have  their  forts  too,  which  neft  under  their 
fcales,  the  falmon  in  particular.  Befide  which,,  there 
are  frequently  found  great  numbers  of  long  worms,  ia 
the  ftomach  and  other  parts  ofrfilh.  And  thefe  work 
themfelves  fo  deeply  into  their  flefh,  that  they"  cannot 
eafily  be  got  out. 

Many  infedts  are  bred'  in  the  noftrrls  of  fheep.  Oite 
may  take  out  twenty  or  thirty  rough  maggots  at  a 
time.  A rough,  whitifh  maggot  is  found  alfo  wkhin 
the  inteftinum  redtum  of  horfes.  Others  are  generated 
in  the  backs  of  cows,  which  at  firft  are  only  a fmaU 
knot,  being  an  egg  laid  there  by  fome  infedh  After- 
ward it  grows  bigger,  and  contains  a maggot,  lying  m 
a purulent  matter. 

Jn  Perfia,  {lender  worms,  fix  or  feven  yards  long* 
are  bred  in  the  legs  and  other  parts  of  men’s  bodies. 
Yea,  there  have  been  divers  inftances  of  worms  taken 
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•ut  of  the  tonguej  gums,  nofe,.  and  other  parts,  by  & 
. perfon  ofLeicefter,  before  many  witnefles. 

. * « " - -•  . . f 

11.  A very  extraordinary  kind  of  infe&  is  that: 
which.  is  called  a death-watch,  becaufe  it  makes  a 
noife  like  the  beating,  of  a watch.  They  are  of  two 
. kinds.  One  is  a fmall  beetle,  fomewhat  more  than  a 
quarter  of  an  mch  long,  of  a dark  brown,  and  fpotted,* 
« having  a large  cap  on  the  head,  and  two  feelers  fpring- 
ing  from  beneath  the  eyes*  Dr.  Durham  obferved  it 
to  draw  back  its 'mouth,,  and  beat  with  its  forehead. 
He  kept  two,  a male  and  a female,  in  a box*  for  forne 
months,  and  could  bring  one  of  them  to  beat  when  he 
pleafed,  by  imitating  its  beating.  And  he  foon  found 
this  ticking  to  be  tEe  way*  whereby  they  wooed  one 
another. 

The  other  kind  is  a greyi(feinfe&  like  a loufe*  which 
beats  fome  hours  together  without  intermiflion,  and 
that  flowly  y whereas  the  . former  beats  only  feven  or 
eight  ftrokes  at  a time,  and  much  quicker.  It  is  very 
common  in  fummer  in  all  parts  of  our  houfes,  is  nim- 
ble in  running  to  flielter,  and  ftiy  of  beating,  if  dif- 
ttirbed;  but  is  free  to  beat,  and  to  anfwer  your  beat- 
ing, if  you  do  not  (hake  the  place  where  it  lies.  This 
commonly,  if  not  always,  beats  in-or  near  paper.  It  is 
at  firft  a fmall,  white  egg,  like  a nit.  It  hatches  in 
March,  and  creeps  about  with,  its  fhell  on.  It  is  then 
fmaller  than  the  egg  itfelf,  but  foon  grows  to  the  per- 
fect fize- 

1 hat  death-watches  do  woo  one  another*  but  not 
always,  we  may  learn  from  the  account  of  an  accurate 
obferver.  **  As  I was  in  my  (ludy,  I happened  to  hear 
what  is.  called  a death-watch.  Inclining  my  head  to- 
ward a chair,,  I found  it  was  beating  there.  The  man- 
ner of  its  beating,  was  this.  It  lifted  up  itfelf  on  its 
hinder  legsy  and  extending  its  neck,  (truck  its  face  upon 
the  fedge,  which  was  bared  upon*  its  outward  coat, 
about  the  length  of  half  an  inch.  The , impreffion  of 
its  ftrokes  was  vifible  i the  outward  coat  of  the  fedge 
being  deprefled,  where  it  had  juft  been  beating,  for 
about  the  eompals  of  a filver  penny.  I am  inclined  to 
think  it  beats  for  food.  There  were  feveral  places  on 
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the  fedge,  where  it  had  been  at  work,,  and  where  it  had 
probably  been  fojourning  for  fome  days. 

u Poflibly  the  infedt  may  fometimes  woo  its  mate  by 
beating  thus:  but  it  was  not  the  cafe  now.  It  had  not 
any  other  of  its  kind  near  it.  • It  feemed  therefore  to 
be  preparing  its  food^  It  was  about  a quarter  of  an 
inch  long,  of  a dark*  dirty  colour,  having  a broad  hel- 
met over  its" head,  which  he  can  draw  up  under  it,  fo 
that  it  is  a notable  defence  againft  the  falls,  to  which 
he  is  continually  expofed,  creeping  over  rotten  and  de- 
cayed places. 

“ The  fecond  day  after  I took  it,  I opened  the  box, 
and  fet  it  in  the  fun.  It  was  foon  very  brHk,  and  crept 
nimbly  to  and  fro,  till  {uddenly  it  ftruck  out  its  wings,* 
and  was  going  to  take  its  leave ; but  on  my  {hading  it 


over,  it  drew  in  its  wings,  and  was  quiet.” 

This  feems  to  be  the  fmalleft  of  the  beetle-kind.  A 
gentleman  defcribes  one  of  a very  different  fort,  in  the 
Philosophical  Tranfadions.  “ On  the  removal  of  a 
large  leaden  ciftern,  I obferved  at  the  bottom  of  it 
black  beetles.  One  of  the  larged  I threw  into  a cup 
of  fpirits,  (it  being  die  way  of  killing  and  preparing* 
infe&s  for  my  purpofe. ) In  a few  minutes  it  appeared 
to  be  quite  dead.  I then  {hut  it  up  m a box  about  an 
inch  and  a half  diameter,  and  throwing  it  into  a drawer, 
diought  no  more  of  it  for  two  months,  when  opening 
the  box,  I fouiid  it  alive  and  vigorous,  though  it  had 
no  food  all  the  time,  nor  any  more  air  than  it  could 
find  in  fo  fmall  a box,  whofe  cover  {hut  very  clofe.  A 

friend  had  fent  me  three  or  four 


few  days  before, 
cock-roaches. 

Thefe  I had  put  under  a large  glafs ; I put  my  beetle 
among  them,  and  fed  them  with  green  ginger,  which 
they  ate  greedily  ; but  he  would  never  tafte  it,  for  the 
five  weeks  they  lived  there.  The  cockroaches  would 
avoid  the  beetle,  and  feemed  frightened  at  his  ap- 
proach.: but  he  ufually  ftalked  along,  not  at  all  re- 
garding whether  they  came  in  his  way  or  not.  During 
the  two  years  and  a half  that  I have  kept  him,  he  has 
neither  eat  nor  drank. 

“ How  then  has  he  been  kept  alive?  Is  it  by  the  air  ? 
There  are  particles  in  this,  which  fupply  a growth  to 
ibme  fpecies  of  plants,  as  Temper  vive,  orpine  and  houfe- 
t:  ' c leek; 


leek  : nlay  not  the  fame  or  the  like  particles  fupply 
nouriftiment  to  fome  fpeGies  of  animals  ? In  the  amaz- 
ing plan  of  nature*  the  aniihal^  vegetable  and  mineral 
kingdoms,  are  not  fepafated  from  each  other  by  wide 
diftances,  but  near  their  boundaries,  differ  from  each 
other,  by  futh*  minute  and  infenfibledegrees,/ that  we 
cannot  find  out  'certainly,  where  the  one  begins,  or  the 
other*  ends.  As  the  air  therefore*  noutilhes  forrie 
plants,  fo  it  may"  nouriiB  fome  animals : otHerwife  a 
link  would  feem  to'be  wanting,  in  the  mighty  chain  of 
beings.  It  is  certain  camelions , and  fnakes  can  live 
many  months  Without  any  vifible  fubfiftence : and  pro- 
bably not* merely  by  their  flow  digeftion* ..but -rather by 
means  of  particles  contained  in  the  air,  as -this  beetle 
did  ; yet  doubtlefs  irt  its  natural  * (late*,  it  ufed  more 
fubftantial.fbod.  Sb  the  plants  above-niamed  thrive 
belt  with  a 'little  earth,  although  they  flburifli  a long 
time,  and  fend  forth  branches  and  flowers,  when  they 
are  fufpended  in  the  air. 

“ Even  in  the  exhaufled'  receiver,  after  it  had  been 
there  half  an  hour*  it  feemed  perfectly,  unconcerned, 
walking  about  as  brifkly  as  ever.  But  on  the  admif- 
fion  of  the  air,  it  feemed  to  be  in  a furprife  for  a 
minute. 

“ AfterTliad- kept  him  half  a year  longer,  He  got 
away,  through  the  careleffnefs  of  a ftrvant  who  took 
down  thegfaft.” 

12.  A female-fly,  within  four  arid  twenty  hours 


after  her  congrefs  with  the  malej  begins  to  depofit  Her 
eggs  on  fome  fubflance  proper  to  give  rioUrifhrrient  to 
the  worm  that  is  to  be  produced."  Tftele  eggs  in 
general*  are  white  arid  oblong.  But  there  are  fome 
of  them  which  are  Angular.'  To  defcribe  one  fpecies 
of  them  mayTuffke*  the  eggs  laid  bn  hog’s  dripg. 

They  are  white  and  oblong,  but  of  a peculiar  make. 
At  one  end  of  each*  of  thefe  eggs,  between  that  end 
and  the  middle,  are  two  little  wings,  ftarfding'out  on 
either  fide;  As  foon  as  the  fly  has  laid  her  eggs,  fhe 
thrufts  them  into  the  dung.'  This  keeps  the  coat  of 
the  egg  foft  r otherw'ife  the*  embryo  could  never  get 
out.  But  if  thewhole  egg  were  thru  ft  in,  the  creature 
would  be  iuffocated  as  feon  as  it  is  hatched.  There- 
fore 
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forepart  only  Is  to  be  immerfed,  .and  part  to  be  left 
«Ut.  -And  this  is  admirably  provided  for  !by  thefe 
wings. . For  when  the  Female /thrufts  in  the  egg,  it 
-e^fy -enters  at  the  fmaller  end*  which  is  the  part  firft 
protruded -from,  her  body  : but  it  Hops  -at  the  wings, 
and  ljo  the-upper  part  reiri&ins  open  to  the  air. 

• Some  fpecies  of  flies -fallen  their  eggs  to  the  .fides  of 
. veilels  of  water.  All  thefe  eggs  have  a thin  flake  run- 
, ning  down  the  two  fides  diametrically  oppofite ; lb  that 
they  look  as  jf  they  were  enclofed  in  a frame.  The 
s ufe  pf  this  frame  is*  to  hold  the  body  of  the  egg  more 
firmly  to  the  fide  of  the  veflei.  Thole  eggs  which 
have  it  not,  are  depofited  by  the, female 'fly. with  a vif- 
„ cous  matter  about  them. 


dSome  flies,  lay  their  eggs  imthe  bodies  of  caterpil- 
lars. *>lThefe  are  at  great  pains  to  carry  thofe  crterpil- 
* lars  to  the  places  where  it  is  proper  their  eggs  fhotdd 
be  hatched.  There  is  one  fpecies  whofe  worm-  can 
never  fucceed„unlef&  it  be  both  bred  in  .the  caterpillar, 
-and  that  caterpillar  buried  under  ground.  To  this 
parpofe  the  parent,  -when  ready  to  lay  * her  eggs,  forms 
a hole  in  the  ground,  and  covers  it  with  a little  clod. 
Then  Ihe  goes  in  fearch  of  a proper  caterpillar,  per- 
haps one  much  larger  than  herfelf,  which  peverthe- 
lefs  Ihe  drags  to  her  liole.  ’Thia-lhe  uncovers,,  and 
goes  in  to  fee  if  all  is  right.  Then  fhe  goes  and  draws 
the  caterpillar  4n,  jdepofits  her  eggs  in  his  flelh,  and 
ftops  up  the -hole  with  feveral  pellets  of -dirt  and  dull, 
carefully  rammed  in  between.  When  the  worms  are 


hatched,  they  feed  qn  the  flefh  of  the  caterpillar  till 
they , are  • fell  grown.  ‘Then  they  change  into  aurelia, 
and’ afterward  into  the  form  Of  the  parent-fly:  in 
which  ftate  they  eafily  make  their  way  out  pf  the 
ground. 

Some  of  thefe  lay  their  eggs  in  the'  bodies  of  fmaller 
flies.  They  often  fly  with  one  of  them  in  their  legs, 
the  head  of  it -being  elofe  to  their  bellies.  They  carry 
thefe  to  little  holes  in  the-ground.  -In  the  firft  they  lay 
their  eggs.  Then  they  bring  others,  to  be  food  For 
their  young -when  hatched.  - One  fly  is  not  enough  ; 
therefore  their  parents  carry  them  more  every  day, 
crawling  backward  into  the  hole,  and  dragging  in  the 
flies  after  them.  ^ -When -the  worms  change  into  .au- 
»i-v  •.  c-vsii  *•  u.  */  ,-  >-  j » >■  ■ - jelta, 
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*elia,  their  cafes  are  made  of  the  exuviae  of  the  flies 


they  have  been  feeding  on. 

The  eggs  of  infedts  are  ufualiy  the  occafion  of  wbr* 
Are  termed,  blights.  Thefe  feldom  happen  but  on  the 
blowing  of.  fharp  eafterly  winds.  Many  infers  attend 
thoie  winds,  and  lay  their  eggs  on  proper  plants.  In- 
deed the  large  worms  or  caterpillars  which  attend  fome  - 
blights,  feem  to  Jbe  only  hatched  by  thqfe  winds.  But  - 
they  .probably  bring  thofe  fwarms  of  infects,  which  oc-  * 
cafion.the  curling  of  the  leaves  of  trees, 

. Every  infedt  feeds  on  one  plant  and  no  other;  On 
this  only  it  lays  its  eggs.  Hence  it  is,  that  one  kind 
<of  tree  .only  is  blighted,  and  the  reft  efcape.  All  trees  . 
then  cannot  be  , blighted  at  once,  unlefs  one  wind  could 
bring  the  eggs  of  all  infedts,  with  as  many  different  de-  : 
grees  of  heat  and  -cold,  as  are  .required  to  hatch  and 
|>referve  each Ipecies.  • ...  . ...  r > 

Aipd  what  though  we  do  not  always  perceive  ani- 
mals in  blights?  By  microfcopes  we  difcover  animal- 

cula,  a million  times . lefs  than  thole  that  are  perceiv- 
able by  the  naked  eye.  The  gentleft  air  may  waft 
thefe  from  place  to  places  fo  that  it  is  no  wonder  if 
they  .are  brought  to  us  from  Great  Tartary  j even  the 
c°ld  air  of  which  may  give  them  life,  and  from  whence 
there  is  not  fo  much  fea  as  to  fuffocate  them  in  its  paf- 
fage,  by  the  warmth  and  faltnefs  of  its  vapours.  < 
Trees  are  preferved  from  blights,  by  fprinkling  them 
with  tobaceo-duft  or  pepper  duff,  which  are  death  to 
all  infedts. 

But  one  kin4  of  blight  is  caufed  merely  by  long ; 
continued,  dry,  eafterly  winds.  Thefe  ftop  the  per- 
foration in  the  tender  bloffoms,  fo  that  in  a fhort  time 
they  wither  and  decay  : foon  after,  the  tender  , leaves 
are  affedtecL;  their  perfpiring  matter  becoming  thick 
and  glutinous,  fo  as  to  be  a proper  nutriment  to  the 
infers,  which  are  then  always  found  : upon  them.  In 
this  cafe  the  infedts  are  not  the  caufe,  but  the  effedt  of  j 
the  blight. 

. It  is  a .kind  of  blight  that  produces  galls,  which  are 
the  buds  of  oaks  fwelled  out.  The  caufe  is,  into  the 
heart  of  the  .tender  bud,  a fly  thtufts  one  or  more  eggs- 
This  egg  foon  becomes  a worm,  and  eats  itfelf  a little 
cell  in  the  pith  of  the  bud,  which  would  have  grown 

into 
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flto  a branch.  The  fap,  which  was  to  nburifh  that 
branch,  being  diverted  into  the  remaining  parts  of  the 
bud,  thefe  grow  large  and  flourirtiing,  and  become  a 
covering  for  the  cell  of  the  infed. 

Not  only  the  willow  and  fomejother  trees,  but  plants 
alfo,  nettles,  ground-ivy,  and  others,  have  fuch  cafes 
produced  upon  their  leaves.  The  parent-infed,  with 
its  ftiff  tail,  bores  the  rib  of  the  leaf  when  tender,  and 
makes  way  for  her  egg  into  the  very  pith.  Probably 
fte  lays  it  there,  with  fome  proper  juice,  to  prevent 
the  vegetation  of  it.  From  this  wound  arifes  a fiaall 
excrefcence,  which  when  the  egg  is  hatched,  grows 
bigger  and  bigger  as  the  worm  increafes,  fwelling  on 
each  fide, the  leaf,  between  the  two  membranes.  This 
worm  tarns  afterwards  to  an  aurelia,  and  .then  to  a 
fxnall  green  fly. 

The  Aleppo  galls,  wherewith  we  make  our  ink,  are 
of  this  number,  i being  only  cafes  of  infeds,  which 
gnawed  their  way  out,  through  the  little  holes  we  fee 
. in  them. 

For  a fample  of  the  tender  balls,  fee  the  balls  as 
round,  and  fometimes  as  big  as  fmall  mufket-bullets, 
growing  under  oaten  leaves,  clofe  to  the  ribs  of  a 
greenifli  yellowifh  colour.  Their  fkin  is  fmoot'h,  with 
frequent  nfings  therein.  Inwardly  they  are  very  foft 
and  fptmgy-j  and  in  the  very  centre  -is  a cafe,  with  a 
white  worm  therein,  which  afterwards  becomes  a fly. 
At  to  this  gall,-  there  is  one  thing  peculiar.  The  fly 
lies  all  winter  within  this  ball,  and  does  not  come  to 
maturity  till  the  following  fpring.  . In  the  autumn 
thefe  balls  fall  to  the  ground  with  their  leaves.  Yet 
the  infed  enclofed  in  them,  is  fences!  againft  the  win- 
ter frofts,  partly  by  other  leaves  lying  upon  them,  and 
partly  by  the  thick  fpungy  wall,  afforded  by  the  galls 
themfelves,  1 

13.  There  are  few  infeds  more  prolific  than  the 
gnat.  All  its  changes  from  the  egg  to  the  perfed  ani- 
mal are  fulfilled  in  three  weeks  or  a month  : and  there 
are  ufually  feven  generations  of  them  in  a year,  in  each 
of  which  the  parent  lays  two  or  three  hundred  eggs. 
Thefe  flie  ranges  in  the  form  of  a boat,  and  each  egg 
is- lhaped  like  a nine-pin.  The  thicker  ends  of  thefe 
* are 
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are  placed  downward.  They  are  firmly  joined  toge- 
ther by  their  middles,  and  their  narrower  parts  {land 

* Upward. 

Viewed  with  a microfcope,  the  larger  end  is  obferv- 

* ed  to  be  terminated  by  a fhort  neck,  the  end  of  which 
is  bordered  by  a.  kind  of  ridge.  The, neck  of  each  is 
funk  in  the  water,  on  which  the  boat  fwims:  for  it  is 

f neceffary  theyihould  keep  on  the  furface,  fince  other- 
wife  the  eggs  could  never  be  hatched. 

The  ranging  thefe  in  fo  exadt  order,  requires  the 
«.  ntmoft  care  in  the  parent.  Gnats  lay  their  eggs  in  the 
■ morning  hours,  and  that  on  fiich -waters*  as  will  give 
fupport  to  their  young.  Here  die  parent  places  her- 
felf  on  a fmallftick,  a leaf,  or,  any  fuch  matter-near 
the  water-edge,  in  fuch  a manner,  that  the  laft  xing 
- but  one  of  her  body,  touches  the  furface  of  the  water;* 
The  laft  ring  of  aU,  where  there  is  the  paffage  for  the 
S eggs,  is  turned  upward,  and  every  egg  is  thruft  out 

* vertically.  When  it  is  almoft  difengaged,  Ihe  applies 
it  to  the  fides  of  the  clufter  already  formed : to  which 
it  readily  adheres  by  means  of  a vifeous  matterwhere- 

. - with  they  are  covered. 

•" The. great  difficulty  is,  to  place  the  firft  laid  eggs  in 
a proper  polition  to  receive  the  reft,  and  to  raftain 
themfelves  and  them,  in  a proper  , diredtion.  Thefe 
fhe  with  great  precaution  placesexadlly,  by  means  of 
jier.  hinder  legs.  And  when  a fufficient  number  of 
them  are  arranged,  all  the  reft  is  eafy : inafmuch  as 
thefe  are  a firm  fupport  to  all  that,  follow  them. 

Thefe  are. circumftances  fufficiently  extraordinary  in 
this  little  animal;  but  it  offers  fomething  ftillmore 
> curious  in  the  method  of».its  propagation.  -However 
fimilar  infedts  of  the  gnat  kind  are  in  their  appear- 
. ances,  yet  they  differ  widely  in  the  manner  in  which 
they  are  brought  forth  ; for  fome  are  oviparous,  fbme 
viviparous  ; fome  are  males,  fbme  are  females,  fome 
..are  of  neither  fex,  .yet  ftill  • produce  young,  -without 
any  copulation  whatfoever.  This  is  one  of  the  ftrangeft 
difcoveries  in  all  natural  hiftory ! A gnat  feparated 
irom  the  reft  of  its  kind,  and  enclofed  in  aglafs  veflel, 
•with  air  fufficient  to  keep  it  alive,  fhall  produce  young, 
which  alfo,  when  feparated  from  each  other,  fhall  be 
*the  parents  of  a numerous  jprogeny.  -Thus  down  for 
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five  or  fix  generations  do  thefe  extraordinary  animals 
propagate  in  the  manner  of  vegetables,  the  young 
burfting  from  the  body  of  their  parents,  without  any 
previous  impregnation.  At  the  fixth  generation,  how- 
ever, their  propagation  ftops  ; the  gnat  no  longer  pro- 
duces its  like  from  itfelf,  but  requires  the  accefs  of  the 
male. 

14.  A cicadula  is  a fmall  infedl  found  in  May  and 
June,  on  the  ftalks  of  leaves  or  plants,  in  a kind  of 
froth,  commonly  called  cuckoo-fpit.  This  froth  is 

- not  from  the  plant,  but  the  mouth  of  the  animal ; and 
if  it  be  gently  wiped  away,  will  be  prefently  feen  iffu- 
ing  out  of  its  mouth,  till  there  is  as  large  a quantity  of 
it  as  before.  They  are  of  the  lhape  of  a loufe,  feme 
being  whitifti,  fome  yellowifh,  and  others  green; 

They  often  change  their  Ik  ins,  while  they  live  in  this  - 
froth,  and  only  creep  a little.  But  when  they  leave 
the  plant  they  hop  and  fly,  having  wings  which  cover 

the  whole  body. 

\ 

The  cochineal  is  an  infedl  of  the  fame  fpecies  with 
the  gall-infefl.  It  is  found  adhering  to  feveral  plants ; 
but  only  one  communicates  its  valuable  qualities  to  it, 
the  opantia  or  prickle  pear.  This  confifts  of  thick 
leaves,  and  its  fruit,  refembling  a fig,  is  full  of  a 
crimfon  juice,  to  which  the  infeft  owes  its  colour. 

When  firft  hatched,  it  is  fcarce  bigger  than  a mite, 
and  runs  about  very  fwiftly.  But  it  l'oori  lofes  its  ac- 
tivity, and  fixing  on  the  leaft  and  moft  juicy  part  of 
the  leaf,  clings  there  for  life,  without  moving  any 
more,  only  for  its  fubfiftence,  which  it  fucks  in  with  its 
probofeis. 

The  male  has  no  appearance  of  belonging  to  the 
fame  fpecies.  They  are  fmaller  than  the  female,  have 
wings,  and  like  the  butterfly,  are  continually  in  mo- 
tion. They  are  conftantly  feen  among  the  females, 
walking  over  them,  as  it  were  carelefsly,  and  impreg- 
nating them.  But  it  is  the  female  only  which  is  ga- 
thered for  ufe,  four  times  in  the  year ; for  fo  many  are 

- the  generations  of  them. 

„.  . " . . r ~ *.*■  » 

15.  The  moft  Angular  part  of  the  life  of  a drone- 

Vot.  II  B fly,  V'  . 
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Ay,  is  that,  it  paffes  in  the  form  of  a worm.  It  is  then 
diftinguifiied  from  all  other  worms  by  its  long  tail : at 
different  times  this  is  indeed  of  different  lengths:  but 
■it  is  always  longer  than  the  worm  itfelf.  It  is  round, 
imooth,  and  very  fraall  at  the  extremity ; fometimes 
no  thicker  than  a horfe-hair.  To  know  the  life  of  this 
.tail,  we  muft  firft  know  the  nature  of  the  worm  itfelf. 
It  is  an  aquatic,  and  never  leaves  the  water  till  it 
changes  into  its  fly-ftate.  They  lie  in  multitudes  in 
the  mud  at  the  bottom  of  veffels  of  ftinking  water. 
Put  them  into  veffels  of  clean  water,  and  they  will 
foon  (hew  the  ufe  of  their  tails.  Though  they  live  un- 
• der  water,  they  cannot  live  without  breathing  frefh 
air.  This  is  the  end  to  which  their  long  tails  ferve. 
Por  even  while  they  lie  buried  in  the  mud,  their  tails 
are  extended  to  the  top  of  the  water,  and  being  open 
at  the  extremity,  let  air  into  their  bodies.  And  as 
foon  as  they  are  in  a veffel  of  frefh  water,  they  get  to 
the  bottom  and  thruft  up  their  tail  to  the  furface. 
They  can  lengthen  them  at  pleafure : to  be  affured  Of 
this,  you  need  only  pour  in  more  water.  The  worms 
then  lengthen  their  tails  proportionably,  in  order  to 
.breathe  from  the  furface  ; by  adding  more  and  more 
Water  you  will  find  they  can  extend  their  tails  to  the 
length  of  five  inches  : an  extremely  remarkable  length 
for  a creature  little  more  than  half  an  inch  long.  Be- 
yond five  inches  however  they  cannot  go.  And  if  you 
make  the  water  of  a greater  depth,  they  leave  the  bot- 
tom, and  either  travel  up  the  frdes  of  the  veffel  to  a 
proper  height ; or  elfe  fwim  in  the  water,  at  the  depth 
. of  five  inches. 

•16,  No  fpeeies  of  flies  is  more  remarkable,  than 
the  larger  fire-fly  of  Jamaica.  It  is  above  an  inch 
long,  and  proportionably  broad.  Moft  of  its  internal 
parts  are  luminous ; only  the  thicknefs  of  the  covers 
hinders  its  appearing.  But  on  forcing  the  rings  that 
cover  the  body  a little  afunder,  light  iffues  from  all  the 
entrails.  The  head  has  two  fpots  juft  behind  the  eyes, 
which  emit  ftreams  of  ftrong  light.  But  though  thefe 
flow  naturally  from  th:  infe<3,  yet  it  has  a power  of  in- 
terrupting them  at  pleafure.  And  then  thefe  fpots  are 
as  opaque  as  the  furface  of  the  body. 

A peyfon 


A perfon  may  read  the  fmalleft  print  by.  the  light  of 
one  of  tliefe  infects,  if  held  between  the  fingers,  and 
moved  along  the  line,  with  the  luminous  fpots  over 
tli6  letters.  They  are  feldom  feen  ih  th€^  day,  hut 
wake  with  the  evening,  and  move  and  (hine  moil  part 
of  the  night.  They  readily  fly  toward  each  other. 
Hence  the  negroes  have  learned,  to  hold  one  between 
their  fingers,  and  wave  it  up  and  down,  which  others 
feeing  fly  dire#  toward  it,  and  pitch  upon  the  hand. 
They  are  fo  torpid  by  day,  it  is  hard  to  make  them  dif- 
cover  figns  of  life  ; and  if  they  do,  they  prelently  re- 
lapfe  into  the  fame  ftate  of  infen  Ability.  As  long  as 
they  remain  awake,  they  emit  light : but  they  are  vi- 
gorous only  in  the  night. 

1 7.  One  more  infeft  of  the  fly-kind,  we  cannot  pals 
by  unnoticed : the  ephemeron,  or  fly  that  lives  but 
part  of  a day.  It  appears  ufually  about  midfummer. 
It  is  produced  about  fix  in  the  evening,  and  dies  about 
eleven.  But  before  it  becomes  a fly,  it  exifts  three 
years  as  a worm  in  a clay  cafe.  It  never  eats  from 
the  time  of  its  change  to  its  death,  nor  has  it  any  organs 
for  receiving  or  digefting  food.  The  bufmefs  of  its 
life  is  fummed  up  in  a few  words.  As  foon  as  it  has 
dropt  its  clay  coat,  the  poor,  little  animal  being  now 
light  and  agile,  fpends  the  reft  of  its  fhort,  winged 
ftate,  in  frifking  over  the  waters.  During  this  the  fe- 
male being  impregnated,  drops  her  eggs  upon  the 
water.  Thefe  fink  to  the  hnttnm.  WllPrP  tliov  n vo 


w.uer.  x xieie  lmK  to  me  bottom,  where  they  are 
hatched  by  the  heat  of  the  fun  into  little  worms,  which 
make  themfelves  cafes  in  the  clay,  and  feed  on  the 
fame,  or  on  what  the  waters  afford,  without  any  need 
of  parental  care.  Thus  they  are  inhabitants  of  the 
water,  till  the  time  comes  for  fhaking  off  their  fhell, 
and  emerging  into  air. 

Of  one  fort  * of  ephemeron,  Mr.  Collinfon  writes 
thus^  May  26,  1744.  1 was  firft  fliewn  this,  by  the 
name  of  Ma y~fly.  It  lies  all  the  year,  but  a few  days, 
at  the  bottom  of  a river  ; then  rifes  to  the  furface  of 
the  water, vand  fplitting  open  its  cafe,  up  Tprines  the 
new  animal,  with  a {lender  body,  four  fhining  wings, 
and  three  long  hairs  in  its  tail.  It  next  flies  about  to 
And  a proper  place;  where  it  may  wait  for  its  approach- 
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ling  change.  This  comes  in  two  or  three  days.  I held 
. one  in  my  finger,  while  it  performed  this  great  work. 
It  was  furprifing  to  fee,  how  eafily  its  back  fplit,  and 
produced  the  new  birth,  which  leaves  head,  body, 
wings,  legs,  and  even  its  three-haired  tail  behind,  or 
the  cafes  of  them.  After  it  has  retted  a little,  it,  flies 
nimbly  to  feek  its  mate.  The  males  keep  under  the 
trees,  remote  from  the  river.  Hither  the  females  re- 
forted,  and  when  impregnated,  foon  left  the  male?, 
fought  the  rivers,  and  kept  continually  plying  up  and 
down  on  the  water.  Every  time  they  darted  down, 
they  ejected  a clutter  of  eggs.  They  then  {prang  up 
again.  Thus  they  went  up  and  down,  till  they  had 
, exhaufted  their  flock  of  eggs  and  fpent  their  ftrength, 
being  fo  ,weak  that  they  can  rife  no  more,  but  fall  a 
prey  to  the  fifh.  Thisds  the  end  of  the  females.  The 
males  never  refort  to  the  river,  but  having  done  their 
office,  drop  down  and  die. 

In  a life  of  three  or  four  days,  they  eat  nothing. 
They  have  no  apparatus  for  that  purpofe,  yet  they 
have  ftrength  to  fhed  their  fkin,  and  to  perform  the 
ends  of  their  life  with  great  vivacity. 

But  how  poor  an  end,  to  our  apprehenfion,  is  an- 
fwered  by  the  life  of  this,  and  innumerable  other  ani- 
mals,? • " 

-18.  The  eggs  of  butterflies  do  not  increafe  in  bulk 
-while  in  the  body  of  the  female.  As  foon  as  they  are 
impregnated  by  the  male,  they  are  ready  to  be  laid. 
But  this  requires  feme  time,  both  becanfe  of  their 
number,  and  the  nicety  with  which  fhe  arranges  them. 
This  indeed  is  the  whole  bufinefsof  her  life  : for  whep 
- they  are  laid,  fhe  die?. 

The  female  does  not  depofit  them  at  random,  byt 
• fcarches  out  a fort  of  plant  which  the  caterpillars  can 
feed  on  as  foon  as  they  are  hatched,  ^either  does  fhe 
fcatter  them  irregularly  and  without  order,  but  dif- 
pofes  them  with  perfeA  fymmetry,  and  fattens  them 
together  by  a vifcous  liquor  difcharged  from  her  own 
'entrails.  And  thofe  fpecies  whofe  hinder  part  is  co- 
vered with  long  jiairs,  gradually  throw  them  all,  off, 
and.  therewith  make  a nett,  wherein  the  egg?  are  kept 
fafely,  till  the  time  of  their  hatching. 

,19.  Some 
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19.  Some  caterpillars  are  hatched  in  the  lprtng,"  a§* 
fbon  as  the  leaves  they  are  to  be  fed  on  begin  to  bud." 
After  thirteen  days,  they"  change  into  aurelia,  and? 
having  paft  three  weeks  in  ‘ that  ft&tei  they  iflue  forth' 
winged,  with  all  the  beauty  of  their  parents; 

The  wings  of  butterflies  fully  diftinguifh  them  fronv* 
flies  of  every  other  kind.  They  are  four  in  number  ;; 
and  though  two  of  them  be  cut  off,  the  anhnal  can  fly 
with  the  two  remaining.  They  are  in  their  Own  fub- 
fiftence  tranlparent : but  owe  their  opacity  to  the  beau-' 
tiful  duft  with  which  they  are  covered,  and  which  has' 
been  likened,  by  fome,  to  the  feathers  of  birds : by 
others,  to  the  fcales  of  fiflies.  In  faft,  if  we  regard* 
the  wing  of'  k‘  butterfly  with  a good  microfcope,^we 
fhall  perceive  it  ftudded  over  with  a variety  of  little' 
grains  of  different  dimenfionS  and  forms,  generally  * 
flipported  on  a footftalk,  regularly  laid  upon  the  whole* 
furface."  Nothing  can  exceed  the  beautiful  and  regu-f 
l&r  arrangement  of  thefe  little  fubftances.  Thofe  of 
One  rank  are  a Iktle  covered  by  thofe  that  follow  : they* 
are  of  many  figures  : here  may  be  feen  a fucceffion  of 
oval  ftuds ; there  a clufter  of  ftuds,  each  in  the  for  nr 
of  a heart : in  One  place  they  refemble  a hand  open  ; 
and  in  another,*  they  are  long  of  triangular  ; while  all 
ate  interfperfed  with  taller  ftuds  that  grow  between  the 
reft,  like  mtifhrooms  upon  a ftalk. 

The  eyes  of  butterflies  have  not  all  the  fame  form,* 
for  in  fome  they  are  large,  in  others  fmall.  In  all  of 
them  the  outward  coat  has  a luftre,  in  which  may  be 
discovered  the  various  colours  of  the  rainbow.  When 
examined  clofely,  it  will  be  found  to  have  the  appear- 
ance of  a multiplying-glafs  : having  a great  number 
of  Tides  or  facets,  in  the  manner  of  a brilliant  cut  di- 
amond. Thefe  animals,  therefore,  fee  not  only  with 
great  clearnefs,  but  view  every  objeft  multiplied  in  a 
furprifing  manner.  Puget  adapted  the  cornea  of  a fly 
in  fuch  a pofition,  as  to  fee  objedts  through  it  by  means 
of  a mi'crofcope ; and  nothing  could  exceed  the 
ftrangenefs  of  its  reprefentations  : a foldier,  who  was 
feen  through ' it,  appeared  like  an  army  of  pigmies; 
for  while  it  multiplied,  it  alfo  diminifhed  the  object. 
It  ftill,  however,  remains  a doubt,  whether  the  infect 
fees  objects  fingly,  as  with  one  eye  ; or  whether  every 

facet 
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facet  is  itfelf  a complete  eye,  exhibiting  its  own  objeft 
diftindl  from  all  the  reft.  The  trunk,  which  few  butter- 
flies are  without,  is  placed  exaftly  between  the  eyes  $ 
which,  when  the  animal  is  not  feeking  its  nourifhxnent, 
is  rolled  up  like  a curl.  A butterfly,  when  it  is  feed- 
ing, flies  round  fome  flower,  and  fettles  upon  it.  The 
trunk  is  then  uncurled,  and  thruft  out,  fearching  the 
flower  to  its  very  bottom.  This  fearch  being  repeat- 
ed feven  or  eight  times,  the  butterfly  then  pafles  to 
another ; and  continues  to  hover  over  thofe  agreeable 
to  its  tafte,  like  a bird  over  its  prey.  This  trunk  con- 
fl-fts  of  two  hollow  tubes,  nicely  joined  like  the  pipes 
tff  an  organ. . , 

Butterflies  as  well  as  moths  employ  their  fhort  lives 
in  a variety  of  enjoyments.  Their  whole  time  is  fpent 
either  in  queft  of  food,  which  every  flower  offers ; or 
in  purfuit  of  the  female,  whofe  approach  they  often 
perceive  at  above  two  miles  diftance.  Their  fagacity 
in  this  particular  is  aftonifhing  ; but  by  whatfenfe  they 
are  capable  of  doing  this,  is  not  eafy  to  conceive.  It 
cannot  be  by  fight,  fince  inch  fmall  obje&s  muft  be 
utterly  imperceptible  at  half  the  diftance ; it  can 
fcarcely  be  by  the  fenfe  of  fmelling,  fince  the  animal. 
Ms  no  organs  for  that  purpofe.  Whatever  be  their 
powers  of  perception,  certain  it  is,  that  the  male,  after 
having  fluttered,  as  if  carelefsly  about,  for  feme  time, 
is  feen  to  take  wing  and  $ro  forward,  fometimes  for 
'two  miles  together,  in  :t-dire&  line  to  where -the'  fe* 
male  is  perched  on  a flower.  >- 

Caterpillars  are  of  no  fex,  it  not  being  their  bufi- 
nefs  to  propagate,  till  they  commence  butterflies.  Yet 
many  of  them  are  not  fo  harmlefs  as  they  feem ; for 
they  deftroy  their  fellows  whenever  they  can.  Put 
twenty  caterpillars  of  the  oak  together  in  a box,  with 
a fuffieient  quantity  of  leaves  their  natliral  food.  Yet 
their  numbers  will  decreafe  daily,  till  one  only  remains 
' alive.  The  ftronger  feizes  the  weaker  by  the  throat, 
and  gives  him  a mortal  wound.  * When  he  is  dead, 
the  murderer  begins  to  eat  him  up,  and  leaves  only 
the  fkin  with  the  head  and  feet.  But  this  is  not  the 
cafe  of  all.  Many  fpecies  live  peaceably  and  com- 
fortably together. 

Yet 
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Yet  even  thefe  are  expofed  to  dangers  of  a mbr£ 
terrible  kind.  The  worms  of  feveral  forts  of  flies  con-" 
tinually  prey  upon  them.  Some  are  upon,  fome  under 
the  Ikin,  and  both  eat  up  the  poor,  defencelefs  animal 
alive. 

It  is  furprifmg  to  fee  with  what  induftry  thefe  little  < 
creatures  weave  the  cafes,  in  which  they  pafs  their  au- 
relia  Rate.  Some  are  made  of  filk,  mixt  with  their: 
Crwn  hair,  with  pieces  of  bark,  leaves,  wood,  or  paper." 

There  is  one  fort  that  builds  in  wood,  and  gives  its 
cafe  a hardnefs  greater  than  that  of  the  wood  itfeif. , 
This  is  the  caterpillar  of  the  willow,  which  is  one  of 
thole  that  eat  their  exuviae  He  has  fharp  teeth, 
wherewith  he  cuts  the  wood  into  a number  of  final! 
fragments.  Thefe  he  uhites  together  into  a cafe,  by 
means  of  a peculiar  filk,  which  is  *a  vifcous  juice 
that  hardens  as  it  dries;  In  order  to  make  this  filk 
enter  into  the  very  fubftance  of  the  fragments,  he 
moiftens  every  one  of  them,  by  holding  them  fuccef- 
lively  in  his  mouth  for  a confiderable  time.  In  this 
firm  cafe  he  is  afterward  to  be  included  till  he  becomes 
^butterfly.-  But  how  {hall  a creature  of  this  helplels 
kind,  which  has  neither  legs  to  dig,*  nor  teeth  tcf 
gnaw,  get  out  of  fo  firm  and  ftrong  -a  lodgment  as 
that  wherein  it  is  hatched  ? Nature  has  provided  for 
thisalfo.  As  foon  as  it  is  hatched,  it  difcharges  a 
liquor  which  diflolves  the  vifcous  matter  that  holds 
the  cafe  together,  fo  that  the  fragments  fall  in  pieces 
of  themfelyes.  And  accordingly,  near  its  mouth, 
there  is  always  found  a bladder  of  the  fize  of  a 
fmall  pea,  full  of  this  liquor. 

Some  caterpillars  fpih,  all  the  way  they  walk,  a 
. thread  of  filk  which  marks  their  journey.  Now  what 
end  does  this  ferve  ? A little  obfervation-  will  fhew.  - 

' ' r . . . • ' ’£  r - - * ; 1 • 

Trace  one  of  them  till  he  chances  to  fall,  and  you  will 
fee  the  ufe  of  this  thread.  Being  fattened  to  the  leaves 
, and  twiggs,  it  ftops  the  creature’s  fall.  Nor  is  this 
all.  It  can  alfo  by  means  of  this  thread,  re-afcend  to/ 
the  place  from  whence  it  fell.  And  when  it  is  fafe* 
got  up  again, 4t  continues  its  motion  as  before. 

Another 
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Another  curious  artifice  is  that  by  which  the  fame 
fpecies  of  caterpillars  make  themfelves  cafes  of  leaves 
before  they  change  into  aurelia.  The  niceft  hands 
could  not  roll  thefe  up  fo  regularly,  as  they  do  without 
hands  or  any  thing  like  them.  They  perform  it  thus. 
The  caterpillar  places  itfelf  on  the  upper  fide  of  the 
leaf,  fo  far  from  the  edge  that  he  can  reach  it  with  his 
head.  Turning  himfelf  round,  he  then  brings  the 
edge  of  the  leaf  to  the  point  juft  oppofite  to  it.  It 
next  draws  lines  from  the  edge  of  this  leaf  to  that 
point ; and  doing  this  all  the  way  along  the  leaf,  its 
narrownefs  toward  the  point  makes  it  form  a clofe 
cafe  there.  It  ftrengthens  the  firft  bending  of  the 
leaf,  by  many  parallel  threads,  and  then  fattening 
other  threads  to  the  back  part  of  the  leaf,  draws 
them  as  tight  as  it  can.  The  cafe  is  then  formed. 
The  fame  method  repeated  makes  the  additional  cafes, 
five  or  fix  over  each  other.  And  every  one  of  thefe 
is  fufficiently  ftrong,  fo  as  to  make  the  inner  ones  ufe- 
lefs.  He  then  enters  his  cell,  and  undergoes  his  change. 
Meantime  his  covering  ferves  him  alfo  for  food.  For 
lolong  as  he  has  need  to  eat,  he  may  feed  upon  the 
walls  of  his  cattle : all  of  which  may  be  eaten  away, 
except  the  outer  one  of  all.  Probably  every  caterpil- 
lar makes  his  cafe  thick  enough  to  ferve  the  neceffary 
calls  of  his  future  hunger. 

Many  fpecies  of  butterflies  lay  a great  number  of 
eggs  in  the  fame  place.  Thefe  all  liatch  very  nearly 
at  the  fame  time.  And  one  would  naturally  fuppofe, 
that  the  young  brood  of  all,  would  be  inclined  to  con- 
tinue and  live  together.  But  it  is  not  fo  : the  different 
fpecies  have  different  inclinations.  Some  keep  toge- 
ther from  the  time  they  are  hatched,  till  they  change 
into  aurelia.  Others  feparate  as  foon  as  able  to 
crawl,  and  hunt  their  fortune  Angle.  And  others 
live  in  community  till  a certain  time,  and  then  each 
fhifts  for  itfelf.  Thofe  that  live  wholly  together,  be- 
gin by  forming  a line  with  their  little  bodies  upon  a 
leaf ; their  heads  all  (landing  even,,  and  in  this  man- 
ner they  move  and  eat  together.  And  often  there  are 
feveral  ranges  of  this  fort,  which  make  fo  many  pha- 
lanxes, and  eat  into  the  leaf  they  (land  on,  with 
_perfe&  equality. 

* Many 
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Many  da  this  while  young,  who  when  they 
large,  make  one  common  habitation,  iurroundel  by 
a web,  which  is  the  joint  work  of  all  : within  which, 
each  has  a neft'ofiits  own  fpinning. 

When  they- have  made  their  common  lodging,  each 
takes  its  courfe  over  the  tree  or  bulk  for  food.  Thus 
many  hundreds  of  them  form  a regular  republic.  The 
feparate  cell  of  each*>  is  finally  the  place  where  it 
pafles  its  change  into  the  aurelia  and  perfect  (late.  But 
many  fpecies  do  not  feparate  even  then,  but  are  found 
'in  their  aurelia  ftate  ail  huddled;  together ; numbers  of 
riieir  cafes  making  one  confided  mafs. 

One  thing  more  is  highly  obfervable  in  them.  The 
regularity  of'  their  Tnarches * They  are  exactly  obe* 
dient  to  their  chief.  When  they  change  their  quar- 
ters, one  marches  tfitfgJe  firft two  others  follow,  and 
keep  their  bodies  very  nicely  in  the  fame  petition  with 
his.  After  thefe  there  follows  a large  party;  Thefe 
regulate  their  motions  by  the  former  : and  fo  the  order 
"is  continued  through  the  whole  company!  When  the 
leader^  turns  to  the  right  or  left,  the  whole  body  does 
the  fame  inftantly.  When  he  flops,  they  all  imme- 
diately flop,  and  march  again  the  moment  he‘  ad-  ~ 

vances.  ; > 1 * 
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20.  The  outward  cohering  of  the  body,  is  in  many ' 
animals  changed  feveral  times ; but  in  few  more  fre- 
quently than  the  caterpillar.  Mod  of  thefe  throw  ft 
off  at  lead  once  in  ten  days.  Indeed  in  the  whole  in- 
fe<d  clafs,  the  mod  numerous  of  all  animated  beings, 
there  is  fcarce  one  which  does  not  cad  its  {kin,  at  lead  J 
once,  before  it  arrives  at  its  full  growth.  But  the  ca- 
terpillar changes  more  than  his  {kin : even  the  out- 
ward covering  of  every,  the  minuted  part  *of-  its 
body.  And  what  they  throw  off  has  the  appearance 
of  a complete  infect,  prefenting  us  with  all  the  exter- 
nal parts  of  a living  animal.  If  the  caterpillar  be  of 
the  hairy  kind,  the  {kin  ft  throws  off  is  hairy,  contain- 
ing the  covering  qf  every  hair;  And  even  the  claws 
and  other  parts  that  are  riot  vifible  without  a rriicro- 
fcope,  are  as  plain  in  this  as  in  the  living  animal.  But 
what  is  more  amazing  is,  that  the, folid  parts  of  the 
head,  the  fcull  and  teeth  are  dtftinguifliable  therein, 
y - , ' B3  The 
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The  throwing  off  att  old  fcull  and  teeth,  to  make  way 
for  new  ones,  is  an  act  beyond  all  comprehenfion ! A 
day  or  two  before,  the  creature  refufes  to  eaf,  and 
'walks  very  flowly,  or  not  at  all.  He  turns  from  fide 
to  fide,  and  often  raifes  his  beak,  and  gently  depreffes 
ft  again.  He  frequently  raifes  his  head,  and  ftrikes  it 
down  rudely  againft  any  thing  he  ftands  upon.  Fre- 
quently the  fore-part  of  the  body  is  raifed  from  the 
place,  and  thru  ft  very  brifkly  backward  and  forward, 
three  or  four  times  together.  There  are  like  wife  dif- 
tinft  motions  - within  every  ring.  Thefe  are  feverally 
inflated  and  contracted  alternately,  by  which  the  Ikin 
is  loofened  from  them,  till  by  this  means,  and  its  re- 
maining without  food,  the  body  is  quite  difengaged 
from  its  covering. 

When  this  time  approaches,  all  the  colours  of  the 
fkin  grow  faint,  and  lofe  their  beauty,  receiving  no 
nourifhment  from  the  body.  And  as  the  creature 
continues  fwelling  and  fhrinking,  the  Ikin,  being  no 
longer  fupple,  cracks  along  his  back.  The  crack  al- 
ways begins  at  the  fecond  or  third  ring  from  the  head. 

- As  it  opens,  the  new  lkin  is  feen  within.  This  open- 
ing he  eafily  enlarges,  thrufting  his  body  like  a wedge, 
out  of  the  flit,  till  he  lengthens  it  thro’  four  rings.  Then 
he  has  room  to  draw  out  the  whole  body.  Firft,  the 
head  is  by  feveral  motions  loofened,  drawn  out  of  the 
old  fkull,  and  raifed  through  the  crack  : this  is  then 
laid  foftly  on  the  old  fkin  of  the  part.  By  the  fame 
motions  the  tail  end  is  difengaged,  drawn  out,  and  laid 
fmoothly  on  the  old  fkin.  It  takes  the  animal  feveral 
days,  to  prepare  for  the  laft  operation.  But  when  the 
crack'is  once  made,  the  whole  remaining  work  is  done 
in  lefs  rhan  a minute. 

The  hairs  found  on  the  caft  fkins  of  the  hairy  cater- 
pillars feem  at  firft,  like  the  other  part  of  the  exiavia, 
to  be  only  the  covering  of  the  hairs  enclofed.  But  that 
is  not  the  cafe.  They  are  folid  things  themfelves,  not 
-.barely  coverings.  In  truth,  the  creature  when  firft 
hatched,  has  all  its  lkins  perfectly  formed,  one  under 
another,  each  furnifhed  with  its  hairs,  fo  that  the  old 
tones  fall  off  with  the  old  fkins.  And  probably  the 
erecting, thefe  is  one  great  means  of  forcing  off  the  old 
Aims. 

Perhaps 
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Perhaps  the  fame  fort  of  mechanifm  is  ufed  even  by 
thofe  caterpillars  which  do  not  appear  to  be  hairy. 
For  they  really  are  fo,  as  the  microfcope  (hews. 
When  the  upper  fkin  of  one  juft  ready  to  change,  is 
flit  longitudinally  in  the  place  where  the  crack  would 
be,  the  lkin  may  be  taken  off;  and  it  is  eafily  feen,  how 
the  new  one  lies  below.  The  hairs  are  difpofed  in  the 
riceft  manner,  for  lying  fmooth  under  the  upper  lkin. 
They  grow  in  feparate  tufts,  which  never  lie  one 
upon  another,  but  together  form v one  furface. 

It4s  remarkable,  that  immediately  after  this  change^ 
they  appear  much  larger  than  they  did  before.  And 
they  really  are  fo.  The  very  head  and'fculi  are  greatly 
larger  than  before  the  change.'  The  operation  of  the 
cray-fifh  in  changing  its  fhell,  may  explain  this.'  This 
alfo  is  found  conllderably  larger  when  out  of  the  fhell 
than  before.  In  both  cafes,  the  body  had  grown  fo 
- much,  that  it  was  too  big  for  its  covering.  However, 
while  it  remained  in  it,  the  parts  were  compreffed,  and 
forced  to  lie  in  that  narrow  room.  But  as  foon  as' 
that  cohering  is  off,  every  part:  diftends  itfelf  to  its  - 
proper  fize. 

Indeed,  fo  large  a fcull,  being  a hard  fuhftance  in  ‘ 
the  caterpillar,  could  not  have  been  compreffed  into  a" 
fmaller.  But  the  faCt  is,  the  new  fcull  never  hardens 
till  the  change  approaches,  and  then  imperfectly-.  Atr 
fhe  fame  time  it  neceffarily  takes,  from  the  place  it  is 
in,  an  oblong  form.  In  this  fliape  it  is’ found  a few 
hours  before  the  old  fkin  is  caft  off ; not  enclofed  with- 
in it,  but  extended  under  the  lkin  of  the  firft  ring  of’ 
the  body.  When  the  old  fcull  is  thrown  off,  the  ne\y 
one  fooit  hardens,  and  takes  its  proper  figure.-* 

We  call  the  creature  hatched  from  the  egg  of  a 
butterfly,  a caterpillar.  But  it  is  a real  butterfly  ali 
that  time.  A caterpillar  changes  its  lkin  four  or  fiye 
times,  and  when  it  throws  off  one,  appears  in  another 
of  the  fame  form.  But  when  it  throws  off  the  laft,  as' 
it  is  now  fo  perfeCl,  as  to  need  no  farther  nourifhment, 
fo  there  is  no  farther  need  of  teeth,  or  any  other  parts 
of  a caterpillar. 

It  ii-plain  from  hence,  that  the  change  of  a cater- 
pillar into  an  aurelia,  is  not  the  work  of  a moment, 
&ut  is  carrying  ou  from  the  very  time  of  its  hatchfrg 
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from  the  egg.  But  while  the  butterfly  lies  in  the  body 
of  the  caterpillar,  its  wings  are  long  and  narrow,  and 
Wound  up  into  the  form  of  a cord,  and  the  feelers  are 
rolled  up  on  the  head.  The  trunk  alfo  is  twilled  up, 
and  laid  on  the  head,  but  in  a very  different  manner 
from  what  ijt  is  in  the  perfeft  animal,  or  indeed  in  the 
aurelia. 

A butterfly  then  in  all  its  parts,  is  in  the  caterpillar 
in  all  its  flates.  But  it  is  more  eafily  traced,  as  it  comes 
nearer  the  time  of  being  changed  into  an  aurelia.  The 
very  eggs  hereafter  to  be  laid  by  the  butterfly,  are  to 
be  found  not  only  in  the  aurelia,  but  even  in  the  ca- 
terpillar, all  arranged  in  their  natural,  regular  order. 
In  the  caterpillar  indeed  they  are  tranfparent : but  in 
the  aurelia  they  have  their  proper  colour. 

As  foon  as  the  limbs  of  the  butterfly  are  fit  to  be 
expofed  to  the  more  open  air,  they  are  thrown 
out  from  the  body  of  the  caterpillar,  furrounded  only 
with  thin  membranes.  And  as  foon  as  they  arrive  at 
a proper  degree  of  ftrength  and  folidity,  they  break 
through  thefe,  and  appear  in  their  perfect  form. 

The  animal  then  creeps  a little  on,  and  there  refts  ; 
the  wings  being  quite  fplded  up.  But  by  degrees  they 
expand,  and  in  lefs  than  half  an  hour  appear  in  all  their 
beauty. 

In  the  beginning  of  May,  1737>  the  cornel-trees 
near  Monaghan  in  Ireland,  appeared  covered  with 
fmall  caterpillars,  employed  partly  in  feeding  on  the 
leaves,  partly  in  crawling  over  the  bark  of  the  tree. 
Each  as  it  crawled  left  a fine  thread  fticking  to  the 
bark.  By  the  end  of  May,  there  was  not -a  leaf  on  any 
of  the  tr  ees,  except  a few  referved  for  a curious  pur- 
pole,  But  inftead  of  the  green,  a white  cloathing  co- 
vered the  whole  bark,  from  the  ground  to  the  point  of 
the  fmalleft  twigs,  and  that  fo  gloffy,  that  it  (hewed,  in 
the  fun,  as  if  it  was  cafed  in  burnilhed  filver.  Then , 
they  covered  with  the  fame  all  the  alh,  beech,  lime, 
yea  tile  very  weeds  which  grew  near  them. 

But  how  did  they  travel  from  tree  to  tree  ? Many 
crawled  along  the  ground.  But  many  had  a quicker 
way.  They  hung  by  their  own  threads  from  the  ut- 
moft  branches  of  the  tree,  fo  that  a fmall  breeze 

wafted 


( 37  ) 

wafted  them  to  the  next  tree,  as  fpiders  pafs  from  one 
bufli  to  another. 

As.  they  made  no  ufe  of  the  threads  left  behind 
them,  probably,  they  wrought  for  no  other  purpofe, 
than  to  rid  themfelves  of  that  glutinous  matter,  out 
of  which  it  was  fpun. 

In  the  beginning  of  June,  they  retired  to  reft.  Their 
manner  of  executing  this,  was  very  ingenious.  Some 
cliofe  the  under  fide  of  the  branches,  juft  where  they 
fpring  from  the  trunk,  that  they  might  be  defended  from 
the  water,  which  in  a ftiower,  running  down  the  bark  of 
the  tree,  is  parted  by  the  branches,  and  fent  off  on 
each  fide.  Here  they  draw  their  threads  acrofs  the 
angle  made  by  the  trunk  and  branch  ; and  crofting 
thofe  with  other  threads,  make  a ftrong  covering. 
Within  this  they  place  themfelves  lengthways  among 
the  threads,  and  rolling  their  bodies  round,  fpin 
themfelves  into  little  hammocks,  in  .the  mean  time 
fhrinking  into  half  their  length.  Thefe  hammocks 
being  fufpended  by  the  tranfverfe  threads,  do  not 
prefs  each  other.  That  they  may  take  up  the  lefs 
room,  they  lie  parallel  to  each  other,  in  the  moft  con- 
venient order  pofltble.  Others,  Hill  more  ingenious, 
fallen  their  threads  to  the  edge  of  the  leaves  which 
they  had  faved  for  that  purpofe : and  with  that  {len- 
der cordage  pulling  in  the  extremities  of  the  leaves', 
draw  themfelves  into  a kind  of  purfe,  within  which 
they  form  the  fame  fort  of  work,  and  lay  themfelves 
up  as  above.  They  lay  themfelves  up  in  great  num- 
bers together,  both  becaufe  many  were  neceflary  to 
the  work  of  providing  a common  covering,  and  alfo 
to  keep  one  another  warm,  while  preparing  for  the 

worm  thus  laid  up,  and  the  hammock 
enclofing  it,  there  is  a tough,  brown  fhell,  probably 
formed  of  feme  glutinous  matter,  tranfuding  through 
its  pores.  In  the  end  of  June,  they  gnaw  through 
the  fhells  and  hammocks,  and  come  forth  a moft 
beautiful  fly.  After  its  refurre&ion,  it  needs  no 
food.  Thofe  that  came  out  in  a room,  lived  as  long 
there  as  the  reft  did  abroad.  After  awhile  feveral 
of  them  difcbarged  a drop  of  brown  liquor,  pro- 

bably 
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bably  containing  the  <gg.  Eut  as  it  was  not  lodged* 
in  a proper  receptacle,  it  produced  no  worm  the  next' 
year. 

As  the  cornel  only  fupplies  this  worm  with  Food* 
fo  it  is  the  only  nurfe  of  its  egg.  There  is  not  an 
animal  or  a vegetable,  but  yields  habitation  and  food- 
to  its  peculiar  infe£L  The  fcheme  of  life  begins  in 
vegetation  : and  whenever  nature  produces  vegeta- 
bles, fhe  obliges  them  to  pay  for  their  nouriftw 
ment,  to  certain  animals  which  fhe  billets  upon 
them.  Each  of  thefe  again,  is  to  diet  and  lodge  ano- 
ther fet  of  living  creatures.  This  juft  community  i U 
nature,  which  luffers  nothing  to  fubfift  merely 
for  itfelf,  is  found  not  only  every  where  on  the 
earth,  but  likewife  every  where  in  the  waters.  By 
microfcopes  we  difeover  an  infinity  of  little  creatures, 
feeding  on  the  floating  vegetables,  or  on  one  another. 
Indeed,  as  to  the  fea,  we  know  only  what  happens-' 
jiear  the  Ihores,  where  we  find  vegetables  of  various 
kinds,  which  breed  and  nourilh  a like  variety  of  in- 
Te#s.  Thefe,  with  a multitude  of  others  bred  in  the 
j*rud,  are  the  prey  of  the  fmaller  kinds  of  fifh,  and 
they  again  of  a greater.  That  this  fcheme  of  nature*  - 
found  every  where  elfe,  dives  into  the  depths  of  the 
ptcan,  we  rnay  gather  from  the  wonderful  kind  of 
fifties,  waftied  up  by  the  florins  now  and  then  from  the 
deep  waters. 

Now  it  is  on  the  cornel  alone,  that  the  worms  we 
have  fpoken  of  can  be  propagated  and  fed.  The  fpe- 
cific  qualities  with  which  its  juices  are  impregnated, 
are  peculiarly  fuitable  to  this  infe#.  If  thefe  refide 
in  the  eflential  oil  ®of  the  plant,  this,  as  well  as  the 
other  infefts,  fubfifting  on  vegetables,  have  the  fkill 
to  extra#,  nicer  than  any  ehemift  can  do,  the  efTen- 
tial  oil  of  each  plant,  nothing  elfe  therein,  being  of  a 
• nature  fufficiently  peculiar,  either  to  aflift  the  propa- 
gation, or  fupply  the  nouriftmient  of  the  infedL 
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21.  The  ant  lays  eggs  like  flies,  from  which  are 
hatched  fmall  worms  without  legs.  Thefe  are  fharp 
at  one  end,  and  blunt  at  the  other  ; after  a 0;gi  t tirae 
they  change  into  a large,  white  aurelia,  volgaiiy  cal- 
led ants-eggs ; whereas  they  are  larger  than  the  ants 

theijdelves.- 
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themfelves.  They  move  thefe  at  their  pleafure.  When 
an  ant’s  neft  is  difturbed,  and  the  aure^ia  fcattered 
abroad,  the  ants  are  at  infinite  pains  tq  gather  them 
*nd  make  them  a neft  again.  Nay,  thofe  of  one  neft 
will  often  do  this  for  the  aqrelia  of  another. 

At  the  bottom  of  an  ant’s  n^ft,  which  is  built  with 
fmall  pieces  of  dry  earth,  there  is  always  a large 
quantity  of  eggs,  worms*  antUatpelia.  The  aurelia 
are  covered  only  with  a thin  fkin,  and  if  opened,  fhew 

the  ant  in  its  feverai.ftages  toward  perf^fqin:j4.  ■ 

In  every  neft,  as  in  every  bee-hive,  there,  are  three 
kinds  of  the  infeft,  males,  females,  and  working  ants, 
or  labourers.  Thefe  laft  are  neither  male  nor  female, 
nor  have  any  bufinefs,  but  taking  care  of  the  young 
brood.  Male  ants  have  four  wings,  and  three  lucid 
points  on  their  head,  and  their  eyes  are  larger  than 
thofe  qf  the  female,  or  labourers.  They  are  not  found 
in  thenefts  at  all  feafons,  but  only  . at  particular  times. 
It  feems  they  are  killed  (like  drone  bees ) as  foon  as 
the  feafon  for  impregnating  the  females  is  over. 

The  body  of  the  female  is  larger  and  thicker  than 
that  of  the  male,  or  labourer;  and  contains  a great 
number  of  eggs,  placed  in  regular  lines.  She  has 
alio  the  three  lucid  points-  on  her  head,  which  leem  to 
be  three  eyes. 

The  ant  examined  by  the  microfcope,  appears  a very 
beautiful  creature.  Its  head  is  adorned  with  two 
horns,  each  having  twelve  points.  Its  jaws  are  in- 
dented with  feven  little  teeth,  which  exa&ly  tally. 
They  open  tideways  exceeding  wide,  by  which  means 
the  ant  is - often  feen  gr.afping  and  carrying  away  bo- 
dies of  three  times  its  own  bulk.  It  is  naturally  di- 
vided into  the  head,  the  breaft,  and  the  belly,  each 
joined  to  the  other  by  a flender  ligament.  From  the 
breaft  proceed  three  legs  on  each  fide.  The  whole 
body  is  caled  over  with  a fort  of  armour,  fo  hard  a-s 
icarce  to  be  penetrated  by  a lancet,  and  thick  fet  with 
Ihining,  whitilh  briftles. 

They  bring  out,  not  corn,  but  their  young,  every 
day,  and  fpread  them  near  their  neft,  in  little  heaps, 
on  a kind  of  dry  earth,  provided  for  that  purpofe. 
They  carry  them  back  at  night.  But  it  is  obferved, 
they  never  bring  them  out,  uplejs  m a d^y  that,  pro- 
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mifes  to  be  fair.  In  the  prognoftics  of  this  they  fhetfr 
great  fagacity.  Where  it  is  dangerous  to  expofe  them 
in  the  day  time,  by  reafbn  of  the  birds,  they  vary  their 
rule,  bringing  them  out  in  the  night,  and  carrying 
them  back  in  the  morning. 

They  do  not  eat  at  all  in  winter,  but  fleep  like  moft 
other  infedts.  There  is  a ftrait  hole  in  every  ant’*- 
neft,  about  half  an  inch  deep;  after  which  it  goes 
floping  into  their  magazine,  which  is  a different  place 
from  that  where  they  eat  and  reft.  Over  the  hole  they 
lay  a flat  flone  or  tile,  to  fecure  them  from  their  great 
enemy  the  rain.  In  a fair  day,  the  whole  is  open  ; 
but  when  they  forefee  it  will  rain,  and  every  night,  the 
cover  is  drawn  over,  with  great  ingenuity  as  .well' as 
labour.  Fifty  of  the  ftrongeft  of  them  furround  the 
ft  one,  and  draw  and  fhove  in  concert.  The  like  pains 
they  take  every  morning,  to  thruft  it  back  again. 

* An  ant  never  goes  into  any  neft  but  her  own  ; if  fhe 
did,  fhe  would  be  feverely  punifhed.  And  if  fhe  re- 
turned again  after  this  warning,  the  others  would  tear 
her  in  pieces.  Therefore  they  never  attempt  it,  but  in 
the  laft  extremity : fometimes  they  will  rather  fuffer 
themfelves  to  be  taken. 

Ants  do  not  bite,  as  is  vulgarly  fuppofed,  But  red 
ants  have  a fting,  which  exprefles  a corrofive  liquor, 
that  raifes  a flight  inflammation.  The  black  ants  have 
no  fting. 

On  opening  an  ant-hill,  a great  quantity  of  eggs, 
is  ufually  found.  They  look  like  the  fcatterings  of 
fine  fait,  and  are  too  minute  to  be  feen  diftinftly  by 
the  naked  eye.  Through  a microfcope  they  appear 
like  the  eggs  of  fmall  birds,  and  are  as  clear  as  the 
air-bladder  of  fifties.  They  lie  in  clufters  under  cover 
of  fome  light  earth.  The  ants  feem  to  brood  over 
them,  till  every  granule  is  hatched  into  a worm,  not 
much  larger  than  a mite.  In  a fhort  time  thefe  turn 
yellowifh  and  harry,  and  grow  to  near  as  big  as  their 
parent.  They  then  get  a whitifh  film  over  them,  and 
are  of  an  oval  form.  If  this  cover  be  opened  after 
fome  days,  all  the  lineaments  of  an  ant  may  be  traced ; 
though  the  whole  is  tranfparent,  except  the  eyes, 
which  are  two  dark  fpecks. 

The  care  thefe  creatures  take  of  their  young  is 

amazing*  - 
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amazing.  Whenever  a hill  is  difturbed,  all  the  ants 
are  found  bufy,  in  confulting  the  fafety,  not  of  them- 
felve?,  but  of  their  offspring.  They  carry  them  out  of 
fight  as  foon  as  poffible ; and  will  do  it  over  and  over, 
as  often  as  they  are  difturbed.  They  carry  the  eggs 
and  worms  together  in  their  hafte;  but  as  foon  as  the'  *~ 
danger  is  over,  they  carefully  feparate  them,  and 
place  each  by  themfelves,  under  fhelter  of  different 
kinds,  and  at  various  depths,  according  to  the  diffe- 
rent degrees  of  warmth  which  their  different  ftates 
require.  - t 

In  the  fummer  they  every  morning  bring  up  the 
atlrelia  near  the  fbrface  of  the  earth.  And  from  ten 
in  the  morning  till  about  five  in  the  afternoon,  they 
may  be  found  juft  under  the  furface.  But  if  you 
fearch  at  eight  in  the  evening  they  will  be  found  to 
have  carried  them  all  down.  And  if  rainy  weather 
be  coming  on,  they  lodge  them  at  leaft  a foot  deep. 

Though  ants  unite  in  colonies,  in  fuch  places  as 
are  agreeable  to  their  different  natures,  yet  they  often 
vary  their  refidence.  But  the  feveral  fpecies  never 
intermix,  though  they  will  be  good  neighbours  one  to 
- another. 

Their  architecture  is  adjufted  with  remarkable  art. 
The  whole  ftruCture  is  divided  into  numerous  cells, 
communicating  with  each  other  by  fmall  fubterra- 
neous  channels,  which  are  circular  and  fmooth.  They 
carry  on  all  their  works  by  means* of  their  double 
faws,  and  the  hooks  at  the  extremity  of  them. 

A colony  from  the  latter  end  of  Auguft  to  the  be- 
ginning of  June,  confifts  of  a female,  and  various  com- 
panies of  workers  : and  befides  thefe  in  the  latter  end 
of  June,  all  July  and  part  of  Auguft,  of  a number  of 
winged  ants. 

The  labouring  ants,  being  of  no  fex,  are  wholly 
employed  in  providing  for  the  young,  which  the  queen 
depofits  in  the  cells.  In  whatever  apartment  fhe  is 
prefent,  univerfal  joy  is  fhewn.  They  have  a parti- 
cular way  of  fkipping,  leaping,  prancing,  and  hand- 
ing on  their  hind  legs.  Some  walk  gently  over  her, 
others  dance  round  her,  all  exprefs  their  loyalty  and 
affeCtion  ; of  all  which  you  may  be  convinced  in  a few 
moments,  by  placing  the  queen  and  her  retinue  under 
a glafs. 
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The  queen  lays  three  different  forts  of  eggs,  male^ 
and  female  in  fpring,  neutral  in  July  and  part  of 
Auguft.  The  common  ants  then  brood  over  them  in 
little  clufters,  and  remove  them  to  and  fro,*  for  a juft- 
degree  of  heat.  The-  young  difengage  themfelves' 
from  die  membranes  that  enclofe  the  eggs,  juft  as  the 
filk-worms  do.  The  female  eggs*  put  on  the  form  of 
worms,  fome  time  in  February ; the  male,  by  the  lat- 
ter end  of  March,  the  neutral  by  September.  The 
firft  fummer  they  grow  little*  and  lefs  in  winter.  In 
the  beginning  of  April  the  fecond  year,  they  vilibly 
increase  every  day.  By  the  end  of  May  the  male  and^ 
female  attain  their  full  growth,  and  ate  ready  for  ano- 
ther change.  This  long  continuance  of  ants  in  the 
vermicular  ftate,  has  nothing  like  it  in  any  other  clafs- 
of  ihfe&s.  The  vermicles  in  a few  days1  infold  them-* 
felves  in  a foft  filken  covering,  and  fo  commence  au«*-. 
relias,  which  are  commonly  miftaken  for  ants  eggs.. 
As  foon  as  they  tend  to  life,  the  workers  give  thenf 
air,  by  an  aperture  in  the  end  of  the  covering.  This" 
they  gradually  enlarge  for  a day  or  two*  and  then  take- 
out their  young. 

There  is  a larger  and  a fmaller  fort  of  winged  ant%* 
the  latter  male,  the  former  female.  Thofe  females  •» 
which  efcape  being  devoured  by  other  creatures,  be-^ 
come  queens,  and  give  birth  to  new  colonies. 

In  all  other  infects  the  lofs  of  their  wings  leflemr 
their  beauty,  and  fhortens  their  lives.  But  ants  gain  > 
by  that  lofs : this  being  the  prelude  of  their  amending: 
the  throne. 

The  young  are  fed  by  the  juices  of  moft  forts  of 
fruits,  which  the  labourers  extra#,  and  receive  into 
their  ow7n  ftomach  ; where  they  are  prepared,  and  af- 
terwards transfufed  into'  the  tender  vermicles. 

Perhaps  in  warm  climates,  ants  do  not  pafs  the  win- 
ter in  fleep,  as  they  do  with  us.  If  fo,  they  need  a 
ftore  of  food,  which  in  our  climate  is  quite  needlefs. 
Accordingly,  thofe  who  have  accurately  examined  their 
moft  numerous  fettlements,  could  never  find  out  any 
refervoir  of  corn  or  other  aliments.  And  they  th^t 
have  carefully  obferved  their excurfions  from  and  return 
to  their  colonies,  could  never  obferve  that  they  returned 
with  any  wheat  corn,  or  any  other  vegetable  feed  i- 
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though  they  would  eagerly  attack  a pot  of  honey*  or  a 
jar  of  fw«£t-meats* 

But  is  it  not  faid,  Prov.  vi.  8.  " She  provideth  her 

meat  in  the  fummer,  and  gathereth  her  food  in  the 
harveft  ?”  It  is  : but  this  does  not  neceffarily  mean 
any  more,  than  that  (he  collects  her  food  in  the  proper 
feafon.  Nor  is  any  thing  more  declared,  ch.  xxx.  35* 
than  that  ants  carry  food  into  their  repofitories.  That 
they  do  this  againft  winter,  is  not  faid  : neither  is  it* 
true  in  fadt. 

; In  England  ant-hills  are  formed  with  but  little  appa- 
rent regularity.  In  the  fouthern  provinces  of  Europe, 
they  are  conftrudted  with  wonderful  contrivance.  They 
are  generally  formed  in  the  neighbourhood  of  fome. 
large  tree  and  a ftream  of  water.  The  one  is  the  pro- 
per place  for  getting  food  ; the  other  for  fupplying  the 
animals  with  moifture,  which  they  cannot  well  difV 
genie  with.  The  fliape  of  the  ant-hill  is  that  of  a fu«* 
gar-loaf,  about  three  feet  high,  compofed  of  various 
fubftances  ; loaves,  bits  of  wood,  fand,  earth,  bits,  , of 
gum,  and  grains  of  corn.  Thefe  are  all  united  into  a 
compadt  body,  perforated  with  galleries  down  to  the 
bottom,  and  winding  ways  within  the  ftrudiure.  From 
this  retreat  to  the  water,  as  well  as  to  the  tree,  in  dif- 
ferent directions,  there  are  many  paths  worn  by  con- 
ffant  afliduity,  and  along  thefe  thebufy  infedts  pafsand 
repafs  continually  $ fa  that  from  Mayor  the  beginning, 
of  June  they  work  continually  till  the  bad  weather 
comes  on. 

~ The  chief  employment  of  working  ants  is  in  finding 
a fufficiency  of  food.  They  live  upon  various  provifi- 
ons,  as  well  of  the  vegetable  as  the  animal  kind.  Small 
infedts  they  kill  and  devour ; fweets  of  all  kinds  they 
are  particularly  fond  of.  They  feldom,  however, 
think  of  their  community  till  themfelv.es  are  firft  fati- 
ated.  Having  found  a juicy  fruit,  they  fwallow  what 
they  can,  and  then  tearing  it  in  pieces,  carry  home 
their  load.  If  they  meet  with  an  infect  above  their 
match,  feveral  of  them  will  fall  upon  it  at  once,  and 
having  torn  it  to  pieces,  each  will  carry  off  a part  of 
the  fpoil.  If  they  meet  with  any  thing  that  is  too  hea- 
vy for  one  to  bear,  and  yet  which  they  are  unable  to 
divide,  feveral  of  them  endeavour  to  force  it  along, 
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fome  dragging,  others  pufliing.  If  any  one  of  them 
makes  a lucky  difcovery,  it  immediately  gives  advice 
toothers,  and  then  at  onck,.  the  whole  republic^  put 
\ themfelves  in  motion.  If  in  thefe  ftruggles  oneofttiem 
happens  to  be  killed*,  fome  furvivor  carries  him  off  to  ' 
a great  diftance,  to  prevent  the  obftrudlions  his  body 
might  give  to  the  general  fpirit  of  iriduftry. 

In  autumn  they  prepare  for  the  feverity  of  the  win- 
ter, and  bury  their  wheat  as  deep  in  the  earth  as  they 
can.  It  is  now  found  that  the  grains  of  corn,  and' 
other  fubftances  with  which  they  furnifh  their  hill,  are  . 
only  meant  as  fences  to  keep  off  the  rigour  of  the  wea-  ; 
ther.  They  pafs  four  or  five  months  without  taking 
any  nouriftiment,  and  feem  to  be  dead  all  that  time.  * 
It  would  be  to  no  purpofe  therefore  for  ants  to  lay  up’ 
corn  for  the  winter,  fince  they  lie  that  time  without1 
motion,  heaped  upon  each  other,  and  are  fo  far  from' 
eating,  that  they  are  utterly  unable  to  ftir.  Thus  what* 
authors  have  dignified  by  the  name'  of  a magazine,  ap-y 
pears  to  be  no  more  than  a cavity,  which  ferves  for  a' 
common  retreat,  when  they  return  to  their  lethargic-' 
ftate. 

But  what  has  been  falfely  faid  of  the  European  ant, 
is  true  ofthofe  of  the  tropical  climates.  They  do  lay 
up  provifions,  and  as  they  probably  live  the  whole* 
year,  fubmit  to  regulations  unknown  among  the  ants* 
in  Europe.  Thofe  of  Africa  are  of  three  kinds,  the* 
red,  the  green;  and  the  black  5 the  latter  are  above  an* 
inch  long,  and  in  every  refpedl,  a moft  formidable* 
infedh  They  build  an  ant-hill  from  fix  to  twelve  feet 
high  : made  of  vifcous  clay,  and  inf  a pyramid  form.  - 
The  cells  are  fo  numerous  and  even,  that  a honey-comb 
fcarce  exceeds  them.  The  inhabitants  of  this  edifice" 
feem  to  be  under  a very  ftridt  regulation.  At  the  flight-* 
eft  warning  they  faliy  out  upon  whatever  difturbs  them  y 
and  if  they  arreft  their  enemy,  he  is  fure  to  find  no  * 
mercy.  Sheeps  hens,  and  even  ratsare  often  deftroyed 
by  thefe  mercilefs  infedts,  and  their  fieftr  devoured  to' 
the  bone.  No  anatomiff  can  (hip  a Ikeleton  fo  clean'* 
as  they.  T - 

If  a frog  be  put  into  a box  with  holes  bored  therein,' 
and  the  box  laid  near  a neft  of  ants,  they  will  entirely 
diifedl  htm,  and  make  the  fineft'lkeleton  pofllble,  leav*~ 
ing  even  the  ligaments  unhurt. 
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22.  One  of  the  mod  dreadful  enemies  of  the  ant  is 
the  formica-leo  or  ant-eater  : it  is  foft  as  a fpider,  but 
,has  in  its  form  fome  refemblance  of  a wood-loufe.  Its 
body  is  compofed  of  feveral  rings : it  has  fix  legs,  four 
Joined  to  the  bread.;  and  the  other  two  to  along  part, 
which  may  be  termed  the  neck.  Its  head  is  fmall  and 
flat,  and  it  has  two  remarkable  horns,  the  fixth  of  an 
.inch  long,  as  thick  as  a hair,  hard, -hollow  and  hooked 
at  the  end.  At  the  origin  of  each  of  thefe  horns,  it 
has  a clear  and  bright  black  eye. 

He  is  not  able  to  hunt  after  prey,  nor  to  dedroy 
. large  infers.  He  can  only  enfnare  fitch  as  come  by 
his  habitation,  and  of  thefe,  few  are  fuch  as  he  can 
manage.  All  the  winged  tribe  efcape  by  flight,,  and 
thofe  that  have  hard  {hells  are  of  no  ufe  to  him.  The 
fmallnefs  of  the  ant,  and  its  want  of  wings,  make  it  his 
dedined  prey.  The  manner  wherein  be  proceeds  is  this. 
He  ufually  encamps  under  an  old  wall  for  Ihelter,  and 
. always  chufes  a place  where  the  foil  is  compofed  of  a 
light,  dry  fand.  In  this  he  makes  a pit  in  the  lhape  of 
a funnel,  which  he  does  in  the  following  manner. 

If  he  intends  the  pit  to  be  but  fmall,  he  thruds  his 
hinder  parts  into  the  fand,  and  by  degrees  works  him- 
felf  into  it.  When  he  is  deep  enough,  he  tofles  out 
with  his  head  the  loofe  fand  which  is  run  down,  art- 
fully throwing  it  off,  beyond  the  edges  of  the  pit. 

. Then  he  lies  at  the  .bottom  of  the  fmall  hollow,  which 
.comes  floping  down  to  his  body. 

But  if  he  is  to  make  a larger  pit,  he  fir  A traces  a larger 
circle  in  the  fand.  Then  he  buries  himfelf  in  it,  and 
.carefully  throws  off  the  fand,  beyond  the  circle.  Thus 
he  continues  running  down  backward,  in  a fpiral  line, 

. and  throwing  off  the  fand  above  him  all  the  way,  till 
he  comes  to  the  point. of  the  hollow  cone,  which, he  has 
_ formed  by  his  paffage.  The  length  of  his  neck,  and 
- the  flatnefs  of  h»s  head,  enable  him  tto  ufe  the  whole  as 
a fpade.  And  his  ftrength  is  .fo  great  that  he  can 
throw  a quantity  of  fand,  to  fix  inches  didance.  He 
likewife  throws  away  the  remains  of  the  animals  he 
has  devoured,  that  they  may  not  fright  other  creatures 
of  the  fame  fpecies. 

Where  the  fand  is  unmixed,  he  makes  and  repairs 
Jbis  pit  with  great  e^fe*  But  it  is  not  lo  where  other  iub- 
, ftances 
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~ dances  are  mixed  with  it.  If  when  he  has  half  formed 
his  pit,  he  comes  to  a ftone  not  too  large,  he  goes  on 
leaving  that  to  the  laft.  .When  the  pit  is  fmifhed,  he  ' 
creeps  up  backwards  to  the  ftone,  and  getting  his 
backflde  under  it,  takes  great  pains  to  get  it  on  a true 
poife,  and  then  creeps  backwards  with  it,  to  the  top  of 
the  pit. 

We  may  often  fee  one  thus  labouring  at  a ftone  four 
times  as  big  as  his  own  body.  And  as  it  can  only 
move  backward  and  the  poife  is  hard  to  keep,  efpeci- 
ally  up  a flope  of  crumbly  fand,  the  ftone  frequently 
flips  when  near  the  verge,  and  rolls  down  to  the  bot- 
tom. In  this  cafe  he  attacks  it  again,  and  is  not  dis- 
couraged by  five  or -fix  mifcarriages  ; but  attempts  it 
again,  till  at  length  he  gets  it  over  the  verge  of  his 
place.  Yet  he  does  not  leave  it  there,  left  it  Ihould 
roll  in  again,  but  always  removes  it  to  a convenient 
diftance. 

When  his  pit  is  finiftied,  he  buries  himfelf  at  the 
bottom  of  it  in  the  fand,  leaving  no  part  above  it,  but 
the  tips  of  his  horns,  which  he  extends  to  the  two  fides 
of  the  pit.  Thus  he  waits  for  his  prey.  If  an  ant 
walk  on  the  edge  of  his  pit,  it  throws  down  a little  of 
the  fand.  This  gives  notice,  to  tofs  up  the  fand  from 
his  head,  on  the  ant  ; of  which  he  throws  more  and 
more,  till  he  brings  him  down  to  the  bottom,  between 
his  horns.  Thefe  he  then  plunges  into  the  ant,  and 
having  fucked  all  the  blood,  throws  out  the  (kin  as 
far  as  poffible.  This  done,  he  mounts  up  the  “ edges 
of  his  pit,  and  if  they  have  fuffered  any  injury,  repairs 
it  carefully.  He  then  immediately  buries  himfelf  again 
in  the  centre,  to  wait  for  another  meal. 

This  creature  has  no  mouth,  but  it  is  through  its 
horns  that  it  receives  all  its  nourifliment.  And  as 
they  are  fo  neceflarv  for  its  life,  hature  has  provided 
for  the  reftoring  them,  in  cafe  of  accidents  : fo  that 
/ - if  they  are  cut  off,  they  foon  grow  again. 

• When  he  has  lived  his  ftated  time,  he  leaves  his  pit, 
and  is  only  feen  drawing  traces  oh  the  fand.  After  , 
this  he  buries  himfelf  under  it,  and  enclofes  himfelf  in  a 
cafe.  This  is  made  of  a fort  of  filk  with  grains  of 
fand  cemented  together  by  a glutinous  humour  which 
'he  emits.  But  this  would  be  too  harfli  for'  his  body : 
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foitferves  only  for  the  outward  covering.  He  fpins 
within  it  one  of  pure,  fine,  pearl-coloured  filk,  which 
covers  his  whole  body.  When  he  has  lain  fome  time 
jn  this  cafe,  he  throws  off  his  outer  Ikin,  with  the 
eyes,  the  horns,  and  all  other  exterior  parts,  and  be- 
comes an  oblong  worm,  in  which  may  be  traced  the 
form  of  the  future  fly.  Through  its  tranfparent  (kin 
may  be  feen  new  eyes,  new  horns,  and  all  other  parts 
of  the  perfedt  annual.  This  worm  makes  its  way  about 
half  out  of  the  cafe,  and  fo  remains,  without  farther 
life  or  motion,  till  the  perfedl  fly  makes  it  way  out  of 
, a flit  in  the  back.  It  much  refembles  the  dragon-fly, 
The  male  then  couples  with  the  female  and  dies; 

23.  The  fegacky  of  bees,  in  making  their  combs, 

. cannot  be  too  much  admired.  The  labour  is  diftri* 
buted  regularly  among  them.  The  fame  bees,  fome- 
times  carry  the  wax  in  their  jaws,  and  moiften  it  with 
a liquor  which  they  drftil  upon  it,  and  fometlmes 
build  the  walls  of  their  cells.  But  they  that  form  the 
/cells,  never  polifli  them.  Others  make  the  angles  ex- 
adt,  and  fmooth  the  furface.  The  bits  of  wax  which 
,are  fcraped  off  in  doing  this,  others  pick  up,  that  none 
may  be  loft.  „ 

Thofe  that  polifli,  work  longer  than  thofe  that  build 
the  walls  ; polifliing  not  being  fo  laborious  a w6rk  as 
building.  They  begin  the  qomb  at  the  top  of  the  hive, 
/fattening  it  to  the  mod  folid  part  thereof.*  Hence 
they  continue  it  from  top  to  bottom,  and  from  fide  to 
iide.  The  cells  are  always  fix  Tided  : a figure  which, 
fbefide  the  advantage  it  has  in  common  with  the  fquare, 
of  leaving  no  vacancies  between  the  cells,  has  this  pe** 
culiar  to  itfelf,  that  it  includes  a greater  fpace  within 
the  fame  furface  than  any  other  figure. 

It  is  a grand  queftion.  Is  there  any  part  of  a plant 
•without  iron  ? It  is  cei&ain  honey  is  not.  And  if  fo 
delicate  an  extradl  from  the  fineft  part  of  flowers,  and 
' that  farther  elaborated  in  the  bowels  of  the  infedt : if 
this  be  not  without  iron  we  may  defpair  of  feeing  any 
j>art  fo. 

The  trunk  of  a working  bee, . is  not  formed  in  the 
manner  of  a tube  by  which  the  fluid  is  to  be  fucked 
up;  but  like  a befom  to  fweep,  or  .a  tongue  to  lick  it 
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away.  The  animal  is  furnifhed  alfo  with  teeth,  which 
ferve  in  making  wax.  This  fubilance  is  gathered  from 
flowers  like  honey : it  confifts  of  that  duft  or  farina 
which  contributes  to  the  formation  of  plants.  Every 
bee  when  it  collets  this,  enters  into  the  cup  of  the 
flower,  particularly  fuch  as  have  the  greateft  quantity 
of  this  yellow  farina.  As  the  animal’s  body  is  co- 
vered over  with  hair,  it  rolls  itfelf  within  the  flower, 
and  is  foon  covered  over  with  duft,  which  it  brufhes 
off  with  its  two  hind  legs,  and  kneads  into  two  little 
balls. 

The  habitation  of  bees  ought  to  be  very  clofe ; and 
what  their  hives  want,  from  the  negligence  or  unlkil- 
fulnefs  of  man  they  fupply  by  their  own  induftrv  : fo 
that  it  is  their  principal  care,  when  firft  hived,  to  flop 
up  all  the  crannies.  For  this  purpofe  they  make  ufe  of 
a refinous  gum,  which  is  more  tenacious  than  wax. 
When  they  begin  to  work  with  it,  it  is  foft,  but  it  ac- 
quires a firmer  confidence  every  day.  The  bees  carry 
it  on  their  hinder  legs,  and  plaifter  the  infide  of  their 
hives  therewith.  Their  teeth  are  the  inftruments  by 
which  they  model  and  faftiion  their  various  buildings, 
and  give  them  fuch  fymmetry.  Several  of  them  work 
at  a time,  at  the  cells  which  have  two  faces.  If  they 
are  ftinted  in  time,  they -give  the  new  cells  but  half  the 
depth,  which  they  ought  to  have  j leaving  them  im- 
perfect, till  they  have  (ketched  out  the  cells  neceflary 
for  the  prefent  occafxoo.  The  conftruflion  of  their 
combs,  cofts  them  a great  deal  of  labour : they  are 
made  by  infenfible  additions,  and  not  caft  at  once  into 
a mould  as  fome  are  apt  to  imagine.  There  feems  no 
end  of  their  fhaping,  finifhing,  and  turning*  them 
neatly  up;  The  cells  for  their  young  are  moft  care- 
fully formed?  thofe  defigned  for  drones,  are  larger 
than  the  reft,  and  that  for  the  queen  bee,  the  largeft 
©f  all.  Honey  is  not  the  only  food  on  which  they  fub- 
fift.  The  meal  of  flowers  is  one  of  their  favourite 
-repafts.  This  is  a diet  which  they  live  upon  during 
the  fummer,  and  of  which  they  lay  up  a large  winter 
provifion.  The  wax  is  no  more  than  this  meal  digefted 
and  wrought  into  a pafte.  When  the  flowers  are  not 
fully  blown,  and  this  meal  is  not  offered  in  fuficient 
quantities,  the  bees  pinch  the  tops  of  the  ftamina  in 
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which  it  is  contained,  with  their  teeth  ; and  thu*  an- 
ticipate the  progrefs  of  vegetation.  In  April  and 
May  the  bees  are  buiy  from  morning  to  evening,  in 
gathering  this  meal : but  when  the  weather  becomes 
too  hot,  they  work  only  in  the  morning.  The  bee  is 
furniihed  with  a ftomach  for  its  wax,  as  well  as  for  its  , 
honey.  In  the  former  their  powder  is  altered,  digefted, 
and  concodted  into  wax ; and  is  then  ejedted  by  the 
fame  paflage  by  which  it  was  fwallowed.  Befide,  the  . 
wax  thus  digefted,  there  is  a large  portion  of  the 
powder  kneaded  up  for  food  in  every  hive,  and  kept 
in  feparate  cells  for  winter  provifion.  This  is  called 
by  the  country  people  bee-bread  ; and  contributes  to 
the  health  and  ftrength  of  the  bee.  during  the  winter.  ' 
We  may  rob  them  of  their  honey,  and  feed  them 
during  the  winter  with  treacle,  but  no  proper  fubfti- 
tute  has  yet  been  found  for  the  bee-bread  ; without  it 
the  animal  becomes  confumptive  and  dies. 

Honey  is  extradted  from  that  part  of  the  flowers  . 
called  the  nedtareum.  From  the  mouth  it  pafles  into 
the  firft  ftomach,  or  honey-bag,  which  when  filled,  . 
appears  like  an  oblong  bladder.  When  a bee  has 
filled  its  firft  ftomach,  it  returns  back  to  the  hive, 
where  it  difgorges  the  honey  into  one  of  the  cells.  It 
often  happens  that  the  bee  delivers  its  (tore  to  fome 
other  at  the  mouth  of  the  hive,  and  flies  off  for  a frefl* 
fupply.  Some  honey-combs  are  left  open  for  com-  . 
mon  ufe,  many  others  are  flopped  up,  till  there  is  a 
neceffity  of  opening  them.  Each  of  thefe  are  covered 
carefully  with  wax  ; fo  clofe  that  the  cover  feems  to 
be  made  at  the  very  inftant  the  fluid  is  depofited  within 
them.  ' 

It  was  formerly  thought  that  bees  do  not  colledt  ho- 
ney in  the  form  we  fee  it,  but  lodge  it  in  their  ftomachs, 
till  its  nature  is  changed.  But  we  now  know  that  they  , 
merely  colledt  it.  Many  flowers  afford  it ; but  befide  . 
this,  there  are  two  kinds  of  honey  dews.  The  one 
does  not  fall,  but  is  a mild  fweet  juice,  which  having 
circulated  in  the  veflels  of  plants,  is  feparated  by  pro- 
per ftrainers,  and  exiudes  on  the  leaves,  though  fome- 
times  it  is  depofited  on  the  pith,  or  in  the  fugar  canes. 

So  the-  leaves  of  the  holm-oak  are  frequently  co- 
vered with  thoufands  of  fmall  drops,  which  point  out 
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€he  feveral  pores  from  which  they  proceeded,  and  are 
no  other  than  pure  honey.  But  it  .is  found  only  on  the 
old  leaves,  which  are  ftrong  and  firm,  not  on  the  tender 
ones,  which  are  newly  come  forth  : although  the  old 
are  covered  by  the  new  ones,  and  fo  flickered  from 
any  thing,  that  could  fall,  from  above.  Mean  time  the 
leaves  of  the  neighbouring  trees,  have  no  rnoifture 
upon  them : whereas,  if  it  falls  as  a dew,  it  would 
neceflarily  wet  all  the  leaves  without  diftindlion. 

The  other  kind  of  honey-dew,  fprings  from  a finaU 
infedt  called  a vine-fretter : the  excrement  of  which  is 
the  mod  delicate  honey  in  nature.  They  fettle  on 
branches  of  trees  that  are  a year  old;  the  juice  of 
•which,  however  harlh  at  firft,  becomes  in  the,  bowels 
of  the  infedl  equal  in  fweetnefs  to  any  honey  whatever. 

There  are  two  fpecies  of  thefe  flies,  the  fmaller  is 
green  ; the  other,  twice  as  large,  is  blackifli.  Hear- 
ing many  bees  buzzing  in  a tuft  of  a holm-oak,  upon 
obferving,.  I found  the  tuft  of  leaves  and  branches  co.- 
.yered  with  drops  which  the  bees  collected.  Each  of 
the  drops  was  not  round,  but  of  a longilh  oval.  I foon 
perceived  from  whence  they  proceeded,.  The  leaves  ■ 
covered  with  them,  were  juft  beneath  a fwarm  of  the 
larger  vine-fretters  ; which  from  time  to  time  raifed 
their  bellies,  and  ejedled  fmall  drops  of  an  amber  co- 
lour. I catched  fome  of  them  on  my  hand,  and  found 
they  had  the  very  fame  flavour  with  what  had  before 
fallen  on  the  leaves,  I afterwards  faw  the  fmaller 
yine-fretters  ejedt  their  drops  in  the  fame  manner. 
This  is  the  only  honey  dew  that  falls  : and  this  never 
falls  from  a greater  height  than  a branch,  where  a 
flufter  of  thefe  infedts  can  fix  themfelves.  . 

Ants  are  as  fond  of  this  honey  as  bees.  The  large 
black  ants  follow  the  infedt  which  lives  on  oaks  and 
chefnut-trees ; the  lefler  attend  thofe  on  the  elder.  But 
as  ants  cannot  fuck  up  fluids  like  bees,  they  wait  juft 
under  the  vine-fretters,  in  order  to  fuck  the  drop  juft 
as  it  falls. 

The  vine-fretters  afford  moft  honey  about  midfum- 
mer,  as  the  trees  are  then  fulleft  of  juice.  The  .trees 
neverthelefs,  though  pierced  to  the  fap  in  a thoufand , 
places,  do  not  feem  to  be  hurt  at  all. 

The  fting  of  a bee  or  wafp  is  a curious  piece  of 
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workmanfhip.  It  is  a hollow  tube,  within  which,  as 
in  a fheath,  are  two  (harp  bearded  fpears.  A wafp’s 
(ling  has  eight  beards  on  the  fide  of  each  fpear,  fome- 
what  like  the  beards  of  fifti-hooks.  Thefe  fpears  in 
the  (heathy  lie  one  with  its  point  a little  before  that  of 
the  other.  One  is  firft  darted  into  the  fie(h,  which 
being  fixed,  by  means  of  its  foremoft  beard,  the  other 
ftrikes  in  too,  and  fo  they  alternately  pierce  deeper, 
the  beards  taking  more  and  more  hold  in  the  fle(h  : af- 
terward the  (heath  follows,  to  convey  the  poifon  into 
the  wound.  When  the  beards  are  lodged  deep  in  the 
flefh.  Bees  often  leave  their  flings  behind  them,  if 
they  are  difturbed  before  they  have  time  to  withdraw 
their  fpears  into  the  fcabbard. 

. The  queqn-bee  is  fomewhat  larger,  confiderably 
longer,  and  of  a brighter  red  than  others.  Her  office 

is,  to  direct,  and  lead  the  fvvarm,  and  to  raife  a new 

breed.  She  brings  forth  ten,  fifteen,  or  twenty  thou- 
fand  young~  ones  in  a year : fo  that  (he  may  literally  be 
faid,  to  be  the  mother  of  her  people.  In  a hive  of 
eight  or  ten  thoufand,  there  is  ufualty  but  one  queen- 
bee.  •*  s . ' _ ; 

Drones,  or  males  have  no  (lings,  and  are  larger  and  * 
darker-coloured  than  the  working  bees.  The  eggs  for 
them  are  placed  in  a larger  fort  of  cells.  They  are  alfa 
nurfes  to  the  young  brood.  ' „ 

It  is  certain  bees  forefee  rain,  though  we  know  not 
how.  Hence  no  bee  is  ever  caught  in  a fudden  (bower : 
unlefs  it  be  far  diftant  from  the  hive,  or  any  way  hurt 
$r  fickly. 

Thus  much  may  be  feen  on  the  outfide  of  the  hive. 
But  when  we  look  within,  how  is  the  wonder  increafed  ! 
to  fee  fo  many  thoufands  all  fo  bufily  at  work,  and 
with  fuch  admirable  regularity ! Nor  is  there  lefs  wonder 
in  obferving  the  clufters  of  them,  when  they  take  fome 
ted.  Their  method  then  is,  to  get  together  and  hang 
one  to  another  in  vaft  numbers.  When  thefe  clufters 
are  large,  they  are  only  (hapelefs  heaps  ; when  fmaller 
they  are  a fort  of  feftoon  or  garland,  each  end  being 
fattened  to  the  branch,  and  the  middle  dropping  from 

it.  The  manner  in  which  they  hang  is  this.  Each 
with  one  or  both  of  his  fore-legs  lays  hold  of  one  or 
both  of  the  hinder-legs  of  the  bee  that  is  next  above  it. 
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Through  a glafs  hive  we  fee,  that  as  the  combs  are  * 
carried  down  from  the  top  to  the  bottom  of  the  hive, 
each  is  placed  parallel  to  the  former,  but  not  touching 
it,  there  being  a fpace  between  for  the  bees  to  walk. 
Thefe  are  the  public  ftreets,  and  by  means  of  thefe  , 
they  can  make  ufe  of  every  cell.  There  are  likewife 
alleys  cut  from  ftreet  to  ftreet,  through  the  fubftance 
of  the  feveral  combs.  < - i 

All  the  cells  are  ufed  in  common.  Some  of  them 
contain  only  honey,  and  are  covered  with  a lid  of* 
wax.  Thefe  are  never  touched  by  any  bee.  * But  other 
cells  are  open,  and  a bee  is  often  feen  fo  lodged  in. one 
of  thefe,  that  only  its  hinder  part  appears.  The  mean- 
ing hereof  is,  each  of  thefe  open  cells  contains  at  the 
bottom  a bee-worm.  Certain  bees  daily  vifit  thefe, 
plunging  their  heads  into  the  feveral  cells,  one  after 
another.  ‘ / 

The  fruitfulnefs  of  the  female  is  the  lefs  ftrange, 
when  we  confider  the  number  of  the  males,  fn  any 
hive  there  are,  atthefeafon,  feveral  hundreds ; in  feme 
two  or  three  thoufand.  Thefe  are  the  joint  fathers  of 
the  numerous  offspring,  and  when  they  have  done 
their  work,  are  all  killed.  ^The  wings  of  the  female 
reach  only  to  the  third  ring  of  her  body ; whereas 
thofe  of  all  other  bees  cover  the  whole  body.  But 
though  fhe  is  thus  eafy  to  be  diftinguifhed,  yet  few. 
have  ever  feen  a queen-bee : as  fhe  is  always  clofe  co- 
vered in  the  hive.  _ 

Mr.  Reaumur,  defiring  to  try  how  far  the  accounts 
given  of  the  homage  paid  by  others  to  the  queen-bee* 
was  true,  caufed  a fwarm  of  bees  to  be  fwept  down 
into  a glafs  hive.  Among  thefe  there  was  one  female. 
She  was  foon  diftinguifhed  by  her  fhape,  and  the  fhort- 
nefs  of  her  wings.  For  awhile  fhe  walked  alone  at 
the  bottom  of  the  hive;  the  reft  feeming  to  regard  no- 
thing but  their  own  fafety.  The  female  after  going 
twice  or  thrice  up  the  fide  of  the  hive,  to  the  top  of 
it,  where  they  were  hung,  at  laft  going  in  among  the 
clufter,  brought  down  about  a dozen  with  her.  At- 
tended with  thefe,  fhe  walked  along  flowly  at  the  bot- 
tom of  the  hive.  But  the  reft  continuing  at  the  top, 
flie  went  again  and  again,  till  they  all  came  down  and 
formed  a circle  about  her,  leaving  her  a free  paflage 
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wherever  file  turned  to  walk,  and  feeding  her  with  the 
honey  they  had  gathered  for  themfelves. 

Toe  hive  was  large  enough  for  more  than  their 
number-  However  the  female  feemed  to  find,  it 
would  not  be  large  enough  for  the  family  fhe  was  to 
produce.  So  gathering  them  all  about  her,  (he  went 
out  and  flew  to  : a neighbouring  tree.  All  followed 
her,  and  formed  a clufter  about  her  in  the  common 
way. 

The  bees  follow,  their  queen  wherever  fhe  goes; 
And  if  fhe  be  tied  by  one  of  the  legs  to  a flick,  all  th,e 
fwarm  will  gather  in  a cltifler  about  her,  and  by  re- 
moving the  flick  may  be  carried  any  where. 

Nature  feems  to  have  informed  the  common  bee$, 
that  they  are  to  bring  up  the  offspring  of  this,  female, 
therefore  they  ferve  her  in  every  thing.  If  by  any 
- means  fhe  is  dirtied,  all  the  reft  try  who  fhall  clean 
her.  And  in  cold  weather  they  clufter  together  about 
.her  to  keep  her  warm.  Nor  do  they  (hew  this  refpeft 
to  one  female  only.  Mr-  Reaumur,  at  ieveral  times, 
put  feveral  females  marked  with  different  colours,  in- 
to the  fame  fwarm.  And  all  thefe  were,  for  a time, 
received  as  well  as  the  proper  female. 

The  fwarm  which  leaves  an  old  hive,  have  often 
three  or  more  females.  Thefe  have  their  ieveral  fol- 
lowers.- And  each  with  her  followers,  were  the  num- 
ber fufficient,  would  form  a diftinct  fwarm.  As  it  is 
not,  they  all  go  into  the  fame  hive.  But  all,  excgypt 
one,  are  foon  deftroyed.  The  reafon  is,  the  working 
bees  of  a hive  have  enough  to  do  to  prepare  cells,  for 
lodging  the  eggs  of  one  female,  and  it  would  be  im- 
poffibie  for  them  to  prepare  twice  or  thrice  that 
number.  * 

Sometimes  in  two  parts  of  a fwarm,  there  are  more 
than  two  female  bee§.  In  this  cafe  too,  as  foon  as  they 
are  lodged  in  the  hive,  all  are  killed  but  one.  Nature 
defigns  but  one  female  for  each  fwarm.  But  as  many 
things  may  deftroy  the  egg  or  worm  of  this  Angle  fe- 
male, it  was  needful,  that  provifion  fhould  be  made 
for  accidents.  So  that  there  are  often  twenty  females 
which  live  to  maturity  with  the  bees  of  one  fwarm. 
But  one  only  is  then  fpared,  whether  they  go  out  of 
the  fwarm,  or  remain  within.- 
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As  foon  as  the  fwarm  5s  gone  out,  the  firft  work  of 
the  remaining  bees,  is  to  deftroy  the  young  females. 
Thefe  are  all  immediately  killed  and  carried  out  of  the 
hive;  and  it  is  common,  the  morning  after  the  going 
out  of  a fwarm,  to  fee  fix,  eight,  or  more  female  bees, 
lying  dead  at  fome  diftance  from  the  hive.  What  de- 
termines the  bees  in  favour  of  one,  is  her  having  eggs 
ready  to  be  hatched.  Accordingly,  if  new  made  cells 
be  examined,  fhe  will  be  found  the  very  next  day,  to 
have  laid  eggs  in  many,  if  not  all.  Whereas  if  the  bo- 
dies of  the  reje&ed  females  be  examined,  there  will  be 
found  either  no  eggs  at  all,  or  eggs  fo  extremely  mi- 
nute, that  it  muft  have  been  a long  time  before  any 
could  have  been  laid. 

It  is  not  at  all  times,  however,  that  the  bees  are 
thus  cruel  to  the  fupemumeraty  females ; but  only 
at  the  time  when  they  are  newly  eftabliflied  in  their  ha- 
bitation, and  in  want  of  all  things.  At  other  times 
they  are  a3  kind  to  flrange  females  as  to  their  own. 
Mr.  Reaumur  tried  the  experiment,  by  putting  a ftrange 
female  into  a hive,  where  the  combs  were  perfe<ft,  and 
filled  with  honey.  And  the  bees  (hewed  the  fame  re-  • 
fpe<5t  to  her,  as  to  their  proper  fovereign. 

The  bee  that  comes  loaded  to  any  cell,  foon  di£ 
charges  his  honey  into  it.  No  fooner  is  he  gone,  than 
another  comes,  and  fo  on,  till  the  whole  cell  is  filled. 
But  that  which  lies  uppermoft  is  always  of  a different 
appearance  from  the  reft  of  the  honey.  It  is  a kind  of 
cream,  which  both  keeps  the  honey  moift,  and  prevents 
its  running  out  by  accident. 

This  cruft  or  cream  was  not,  as  one  would  think, 
voided  laft,  but  was  gathering  from  the  firft.  For 
the  bee  which  comes  loaded  to  the  cell,  does  not 
at  once  difcharge  his  honey,  but  entering  into  it  as 
deep  as  maybe,  thrufts  out  his.  fore-legs,  and  pierces 
a hole  through  the  cruft.  Keeping  this  open  with  his 
feet,  he  difgorges  the  honey  in  large  drops  from  his 
mouth.  He  then  clofes  the  hole,  and  this  is  regularly 
done  by  every  bee  that  contributes  to  the  common 
ftore.  f 

But  every  bee  that  comes  loaded  to  the  hive,  does 
not  depofit  his  honey  in  the  cell.  They  often  difpofe 
of  it  by  the  way.  Inftead  of  going  to  any  cell,  they 
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often  go  to  thofe  that  are  at  work,  and  call  theiti  i& 
feed  upon  the  honey  they  have  brought,  that  they  may 
not  be  obliged  to  iig^rmit  their  work,  on  account  of 
hunger,  Thefe  feed  on  the  (lore  of  the  friendly  beef 
by  putting  their  trunk  into  her  mouth,  exactly  in  the 
feme  manner  as  they  do  into  the  bottom  of  flowers. 

Some  cells  in  every  hive  contain  honey  for  inline-* 
diate  confumption,  as  in  cafe  of  bad  weather.  And 
thefe  are  always  open  at  the  top.  Others  contain  their 
proviflon  for  the  winter.  Thefe  are  all  clofed  down 
with  a ftrong  lid;  not  eafily  to  be  removed.  Such  isc 
the  wifdom  which  the  great  Author  of  Nature  has  im- 
parted to  forae  of  the  mod  inconfiderable  of  his  crea-^ 
lures. 

9 

24*  The  kind  of  fea-{hrub$v  as  they  were  formerly 
accounted,  ufually  termed  corallines,  are  in  reality  no 
other  than  cafes  for  various  fpecies  of  infers.  A French 
gentleman  was  the  firfl  who  difcovered  this.  Obferv- 
mg  a great  number  of  infects  lodged  in  feveral  parts 
of  theie  marine  productions,  he  fo on  inferred,  that 
thefe  were  only  cafes  made  by  thefe  creatures  for  their 
habitations  r and  many  of  them  have  fmce  been  found 
to  be  the  covers  of  marine  polypi  : a ftrange  kind  of 
animal,  fo  nearly  partaking  of  the  nature  of  feme  ve- 
getables, that  new^,  perfect  polypi,  perpetually  grow 
Tike  branches  from  the  trunk  of  the  parent.  Yea,  if  a 
polypus  be  cut  in  pieces,  every  piece  will  grow  into  a 
perfect  polypi. 

A late  writer  informs  us,  “ At  the  i{le  of  Sheppey* 
I had  the  opportunity  of  feeing  ieveral  branched  coral- 
lines, alive  in  fea-wTater,  by  the  help  of  a commodious, 
niicrofcope,  and  was  fully  afTured,  that  thefe  apparent 
plants  wrere  real  animals,  in  their  proper  cafes,  which 
were  fixed  to  the  fhells  of  oyfters  and  other  fmall  fliell- 
fifh.  And  at  Brighthelmftone,  I few  thofe  corallines 
in  motion,  vvhofe  polypi  are  contained  in  cups  fupport- 
* ed  by  a long  Item  that  appears  full  of  rings,  or  twifled 
in  form  of  a fcrew.  In  the  middle  of  the  tranfparent 
ftems  or  cafes,  I could  eafily  difeern  the  thread  like  a 
tender  part  of  the  animals.  On  feveral  parts  of  thefe 
corallines  there  are  little  bodies,  which  through  the 
, microfcope  appear  as  fo  many  bladders.  To  the  ufe 
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m thefe  I was  quite  a ftranger  before : but  I now  dif- 
covered,  they  are  habitations  of  young  polypes,  which 
are  produced  here  and  there  0®the  Tides  of  the  pa- 
rent, as  in  the  frefh-water  polypus  ; only  in  the  ma- 
rine ones  they  are  protected  by  this  veficular  covering. 
Thefe  veficles  appear  at  a certain  feafon  of  the  year, 
according  to  the  different  fpecies  of  corallines,  and  fall 
off,  like  the  blo/Toms  * of  plants,  as  foon.  as  the  polypi 
arrive  at  maturity. 

Hut  corallines  are  cafes,  not  of  polypes  only,  but  of 
various  forts  of  animals:  which  occafion  their1  being 
made  of  various  materials,  and  in  great  variety  of 
forms.  Some  are  united  clofely  and  compadtly  toge- 
ther, forming  irregular  branches,  like  trees.  Others 
rife  in  tufts,  like-the  tubular  fort  of  plants,  diflindi:  from 
one  another.  Some  Maltefe  Corallines  are  of  a pecu- 
liar kind.  The  animals  enclofed  in  thefe,  refemble  the 
many-legged  fpiders,  ufually  known  by  the  name  of 
feolopendrse,  Their  outfide  coats  are  formed  of  an 
afh-coloured  earthly  matter,  and  clofely  united  to  an 
inner  coat,  which  is  tough,  horny,  tranfparent,  and 
extremely  fmooth.  The  cavity  of  the  tube  is  quite  • 
round,  though  the  animal  is  of  a long  figure,  like  a 
leech  extended.  * It  can  turn  itfelf  in  this  tube,  and 
move  up  and  down,  the  better  to  attack  and  fecure  its 
prey.  - , 

It  has  two  remarkable  arms.  The  left  much  larger 
than  the  right.  Thefe  are  doubly  feathered.  The  ' 
number  of  its  feet  on  each  fide  of  the  body,  exceeds  a 
hundred  and  fifty.  . . . 

As  barnacles  feem  to  be  a medium  between  birds 
and  fifhes,  although  they  more  properly  befong  to  the 
former,  fo  is  a polypus,  (although  it  is  doubtlefs  an 
animal)  between  animals  and  plants. 

In  a polypus,  life  is  preferved,  after  it  is  cut  into 
feveral  pieces,  fo  that  one  animal  is  by  fedtion  imme- 
diately divided  into  two,  three,  or  more  complete  ani- 
mals, each  enjoying  life,  and  continuing  to  perform 
the  proper  offices  of  its  fpecies. 

The  common  operations  both  of  the  animal  and 
vegetable  world,  are  all  in  themfelves  aftonifhing.  No* 
thing  but  daily  experience  makes  us  fee  without 
amazement,  an  animal  bring  forth  young,  or  a tree 
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bear  leaves  and  fruit.  The  fame  experience  makes  It 
familiar  to  us,  that  vegetables  are  propagated,  not  on V 
from  the  feed,  butTrom  cuttings.  So  the  willow-twig 
cutoff,  and  only  (luck  indie  ground,  prefently  takes 
root,  and  is  as  perfeft  a tree  as  that  whence  it  is  ta- 
ken. This  is  common  in  the  vegetable  kingdom,  and 
we  have  a rare  example  of  it  in  the  animal. 

One  fort  of  polypus  is  an  aquatic  animal*  to  he 
found  in  ditch-water.  It  is  very  {lender,  and  has  on 
the  fore  part  feveral  horns,  which  ierve  it  for  legs  and 
arms.  Between  thefe  is  the  mouth  ; it  opens  into  the 
ftomach,  v which  takes  up  the  whole  length  of  the 
body:  indeed  the  whole  body  is. but  one  pipe,  a fort 
of  gut  which  open^atbdth  ends. 

The  common  polypus  is  about  three  quarters  of  an 
inch  long  : but  there  are  many  fpecies  of  them  : fome 
of  which  can  extend  tbemfelves  to  the  length  of  fix  62* 
feven  inches.  Even  in  the  fame  fpecies,  the  number 
of  legs  and  arms  is  not  always  the  fame:  but  they 
have  feldom  fewer  than  fix*  Both  the  body  and  arms* 
may  be  inflated  all  manner  of  ways,  and  hence  it  is, 
that  they  put  themfelves  into  fo  great  a' variety  of 
figures..  ; 

They  do  not  fwim,  but  crawl  on  the'  ground,  or  on-' 
any  body  they  meet  with  in  the  waters.  They  ufually 
fix  their  pofterior  end  to  fomething,  and  ftretch  their 
bodies  and  arms  into  the  water.  With  thefe  arms  they 
catch  numberlefs  infedls,  which  are  fwlmming  up 
and  down..  A polypus,  having  feized  its  prey,  ufes 
one  or  more  arms  to  bring  it  to  his  mouth.  He  can 
matter  a worm  thrice  as  long  as  himfelf,  which  he 
fwallows  whole  : and  having  drawn  all  that  is  nutri- 
tive from  it,  then  throws  out  the  fkin. 

“ I have  cut  a polypus  in  two,  between  feven  and 
eight  in  the  morning,  and  before  three  in  the  after- 
noon, each  part  was  a complete  animal,  able  to  eat 
a worm  as  long  as*  itfelf.  If  a polypus  be  cut 
lengthways,  beginning  at  the  head,  but  not  quite  to  ‘ 
the  tail,  there  is  a polypus  with  two  heads,  two 
bodies,  and  one  tail.  Some  of  thefe  heads  and  bo- 
dies may  foon  be  cut  lengthways  again.  Thus  I have 
produced  a polypus  with  feven  heads,  feven  bodies  and 
one  tail.  I cut  off  the  heads  of  this  new  hydra,  feven- 
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others  grew  tip,  and  each  of  thefe  cut  off  became  a 
polypus. 

“ I cut  a polypus  croft-ways  into  two  parts ; put 
them  together  again,  and  they  re-united.  I.  put  the 
pofterior  part  of  one  to  the  anterior  of  another,  they 
foon  united  into  one  polypus,  which  ate  the  next  day, 
and  fbon  put  forth  young  ones  from  each  part. 

w As  the  body  of  a polypus  is  but  one  gut,  I have 
turned  it  infide  out.  The  infide  foon  after  became  the 
outfide,  and  it  fed  and  multiplied  as  before.  They  do 
not  copulate  at  all  ; but  each  polypus  has  the  faculty 
of  multiplying  itfelf ; yea,  before  it  is  fevered  from  its 
parent.  I have  feen  a polypus  while  growing  out  of 
the  fide  of  its  parent,  bring  forth  young  ones  ; nay, 
and  thofe  young  ones  themfelves  have  alfo  brought 
forth  others.” 

Cut  a polypus  acrofs,  and  the  fame  day  the  anterior 
end  lengthens  itfelf,  creeps  and  eats.  The  lower  part 
which  has  no  head,  gets  one,  forms  itfelf  a mouth,  and 
puts  forth  arms.  It  is  all  one,  in  whatever  part  the 
body  is  cut:  cut  it  into  three  or  four  parts,  and  each 
becomes  a complete  polypus.  > 

Cut  one  lengthways,  flitting  it  quite  in  two,  fo  as  to  . 
Torm  two  halfpipes.  It  is  not  long  before  the  two 
fides  of  them  clofe,  they  begin  at  the  pofterior  part, 
and  clofe  upward,  till  each  half  pipe  becomes  a whole 
^ne.  All  this  is  done  in  lefs  than  an  hour,  and  the 
polypus  produced  from  each  of  thefe  halves,  differs 
nothing  from  the  firft,  only  it  has  fewer  arms.  But 
thefe  two  are  foon  fupplied  ! 

But  as  ftrange  animals  as  all  polypi  are,  the  clutter- 
ing polypi  are  more  ftrange  than  the  reft.  One  fpe- 
cies  of  thefe  are  of  a bell-like  form.  Their  anterior 
part,  in  which  is  their  mouth,  is  hollowed  inward,  and 
refemble^  the  open  end  of  a bell.  Their  other  extre- 
mity ends  in  a point,  to  which  is  fixt  a ftalk  or  pe- 
dicle. The  polypus  when  it  is  ready  to  divide,  firft 
draws  in  its  lips  into  the  cavity  : it  then  by  degrees 
grows  round,  and  prefently  after  divides  itfelf  into 
two  other  round  bodies.  Thefe  in  a few  moments 
open,  lofe  their  fpherical  form,  and  put  on  that  of  a 
bell,  or  complete  polypus.  This  is  the  manner  in 
which  cluttering  polypi  are  multiplied.  The  whole 
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operation  is  performed  in  three  quarters  of  an 
hour.  The  clufter  which  they  fo  rm,  refts  upon  a 
ftem,  which  is  fixt  to  feme  other  body  at  its  lower 
extremity,  and  from  it  arife  other  branches : other 
branches  again  (hoot  out  from  thefe  in  different  places  ; 
from  thefe  Taft  other,  new  ones,  and  fo  on.  At  the- 
extremity  of  each  branch,,  is  a polypus.  The  aflem- 
blage  of  all  thefe  branches,  with  the  polypi  at  their 
extremities,  form  a clufter  much  refembling  a tuft  of 
flowers.  The  ftem  which  carries  all  the  clufter,  is  ca- 
pable of  a remarkable  motion,  each  branch  contracts* 
when  it  is  touched  : each  can  contrail  itfelf  alone* 
though  this  feldom  happens,  for  in  contracting  it  com- 
monly touches  another,  which  then  immediately  con- 
tracts with  it.  When  the  main  ftem  which  bears  the 
whole  clufter  contracts,  all  the  branches  contract  toge-r 
ther,  and  the  whole  becomes  entirely  clofed.  A mo- 
ment after,  the  branches  and  the  ftem  again  extend 
themfelves,  and  the  whole  clufter  recovers  its  ordinary* 
figure.  A clufter  is  formed  thus  : a Angle  polypus  de- 
taching from  the  clufter,  fwims  about  in  the  water,  till 
it  meets  with  fome  proper  body,  to  fix  itfelf  upon.  It 
then  has  a pedicle,  but  which  is  no  longer  than  the  po- 
lypus  itfelf  ; but  it  becomes  eight  or  nine  times  as  long 
in  four  and  twenty  hours,  and  is  to  be  the  main  ftem  of 
the  new  clufter.  In  a day  after  it  is  fixt,  it  divides  it-  * 
felf  into  two,  each  of  which  in  a few  hours  divides  into 
two  more.  Thefe  foon  after  put  out  branches,  and  ail 
this  is  reiterated  feveral  times.-  Thus  a principal 
branch  is  formed,  provided  with  feveral  lateral  ones* 
which  afterwards  become  principal  ones,  with  regard 
to  others  that  fpring  from  them. 

When  a clufter  is  nearly  ftript  of  its  polypi,  the 
branches  are  no  longer  able  to  contract.  When  but  a - 
few  polypi  remain,  none  can  contract  but  thofe  to  • 
which  they  are  fixed.  Hence  it  appears,  that  this  mo- 
tion in  the  ftem  and  branches  of  a clufter,  is  entirely 
derived  from  the  polypi.  Indeed  at.firft  fight  one 
would  imagine,  that  the  polypi  fixed  to  the  branches  6f 
a clufter,  fpring  from  them,  in  the  fame  manner  as  the' 
leaves,  the  flowers  and  the  fruit  of  a vegetable  fpring 
from  it.  On  the  contrary  the  branches  compofing  the 
clutters  of  polypi,  fpring  from  the  polypi*  which  are  at 
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their  extremities,  and  thefe  polypi,  which  at  firft  ap- 
pear to  he  fruits,  may  rather  be  termed  the  roots  of 
them. 

The  nature  of  corallines, h and  the  mechanifm  of 
their  polypi,  (fays  Peylfonnel)  made  me  conje&ure, 
that  it  was  the  fame  with  refpeCi  to  fponges ; that  ani- 
mals nefted  in  the  inteftines  of  their  fibres,  and  gave 
them  their  origin  and  growth  : but  I had  not  yet  feen 
the  infeCts.  Sponges  appeared  to  me  only  as  fkeletons, 
and  I at  length  difcovered  the  worms  which  form 
them.  They  are  of  four  fpecies.  1.  The  tube-like 
fponge.  2.  The  cord-like  fponge.  3.  The  fingered 
fponge.  4.  They  honey-comb  fponge. 

Thefe  four  kinds  only  differ  in  form  ; they  have  the 
fame  qualities,  and  are  made  by  the  fame  kinds  of 
worm  ; they  are  all  compofed  of  hard,  firm,  dirty  fi- 
bres, fometimes  brittled,  feparated  one  from  another, 
having  large  hollow  tubes  difperfed  through  their  fub- 
ftance  : thefe  tubes  are  fmooth  within.  Thefe  fibres, 
which  confift  of  the  twifted  doubles  of  the  fponge,  form 
as  it  *were  a labyrinth  filled  with  worms,  which  are  ea-‘ 
eafily  crufhed  : but  haifing  carefully  torn  the  fponges, 
and  their  grofs  fibres,  1 difcovered  the  living  worms. 

Thefe  fpecies  of  fponge  commonly  grow  upon  fandy 
bottoms.  At  their  origins  we  perceive  a nodule  of  land, 
©r  other  matter,  almoft  petrified,  round,  which  the 
worms  begin  to  work,  and  round  which  they  retire,  as 
to  their  laft  refuge,  where  1 had  the  pleafure  of  feeing 
them  play,  exercife  themfelves,  and  retire,  by  examin- 
ing them  with  the  microfcope. 

The  worms  are  about  one  third  of  a line  thick,  and 
two  or  three  lines  in  length.  They  are  fo  tranfparent 
that  one  may  difcern  their  vifcera  through  their  fub- 
ftance,  and  the  blood  may  be  feen  to  circulate.  They 
have  a fmall,  black  head,  furnifhed  with  two  pincers  ; 

- the  other  extremity  is  almoft  fquare,  and  much  larger 
than  the  head.  Upon  the  hack  may  be  feen  two  white 
ftreaks,  as  if  they  contained  the  chyle:  thefe  two  canals 
are  parallel  to  each  other  from  the  head  to  the  other 
extremity,  where  they  come  together.  In  the  middle 
where  the  belly  and  vifcera  ought  to  be  placed,  a black- 
ifh  matter  is  perceivable,  which  has  a kind  of  circula- 
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tion  ; fometimes  it  fills  all  the  body  of  the  worm, 
fometimes  it  gathers  towards  the  Lead,  or  at  die  other 
end,  and  fometimes  it  follows  the  motion  of  the  ani- 
mal. This  vermicular  motion  being  at  the  pofterior 
extremity,  and  ends  at  the  head.  They  have  no  par- 
ticular lodge,  they  walk  indifferently  into  the  tubular 
labyrinth.  Thefe  fponges  are  attached  to  fome  folid 
body  in  the  fea.  Some  kinds  are  fixed  to  rocks,  others 
to  heaps  of  fand,  or  to  pieces  of  petrified  matter  : and 
the  fea  putting  in  motion  the  fand,  and  the  little  par- 
cels of  broken  (hells,  forces  them  into  the  holes  of  the 
fponge. 

So  far  the  Do&or.  But  ftill  I doubt,  whether  the 
worms  form  the  fponge,  or  only  lodge  therein,  though 
1 think,  the  former  more  probable. 

The  fame  doubt  1 have  with  regard  to  what  follows, 
u The  belemnites  is  a foffile,  a kind  of  ftony  "(hell, 
which  has  hitherto  perplexed  the  naturalifts  of  all 
countries.  Strait  ones  are  common  in  Sweden,  .Livo- 
nia and  Germany,  thofe  that  are  curved  are  more  com- 
mon in  France  and  England.  The  nucleus  of  it  feems 
to  be  a (trait  concamerated  (hell,  which  is  furrounded 
by  a huge  folid  fubftance.  Now  how  was  this  formed  ? 

And  how  is  it  that  fome  have  a nuclus,  others  not? 
Again,  how  is  it  that  in  fome,  the  cavities  containing 
it,  are  very  fmall,  in  others  not  vifible  ? 

In  order  to  underftand  this,  we  may  confider,  that 
many  bodies  which  we  always  took  for  vegetable,  are  * 
really  animal.  So  thefeveral  coralline  fubftances,  hither- 
to reputed  marine  plants,  are  now  generally  believed, 
to  be  the  (hells  of  polypi.  Is  it  not  then  highly  pro- 
bable, that  the  teftaceous  tribe  in  general  are  generat- 
ed like  flies,  the  latter  from  a maggot,  the  former 
from  a polypus  ? It  muff  be  fo  with  many  : and  as 
corals  in  general  feem  to  be  conftruCted  by  polypi,  are 
they  not  the  primary  (late  of  all,  or  moil  of  the  tefta- 
ceous tribe  ? If  fo,  it  is  almoft  beyond  a conjecture, 
that  the  body  called  a belemnites,  (which  on  being 
put  into  acids  is  found  to  ferment  in  like  manner  as  co- 
rals) is  formed  likewife  by  a polypus,  from  which  the 
nucleus  feems  to  be  the  laft  (late.  And  does  not  this 
. concamerated  body,  of  which  the  Belemnites  is  only 
the  habitation,  lead  us  into  the  connection  and  manner 
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of  generation,  (perhaps  particular  to  theteftaceous  tribe) 
by  remaining  within  Its  nidus  all  its  life,  whereas  the 
generality  quit  their  nidi  as  foon  as  they  are  able  to 
ftiift  for  themfelves. 

The  polypus  is  an  animal  of  the  vermicular  kind  : 
the  bodies  of  fome  are  long  and  flender,  like  a fine  fi- 
bre, extremely  tender,  and  from  the  head  proceed  a 
variety  of  claws  or  arms,  with  which  it  catches  its 
food,  and  prepares  its  habitation.  They  are  of  vari- 
ous fhapes  and  textures  ; according  to  the  fpecies  of 
the  animal  that  is  to  proceed  from  them,  and  very 
wonderful  it  is,  how  fo  fmall  an  animal  fhould  form  fo 
large  a body  as  the  belemnites  ! Some  animals  in  the 
terreftrial  parts  of  the  creation,  naturally  alTociate  to* 
gether,  others  feek  folitude.  The  fame  difpofitions  we 
find  in  the  aquatic,  then  why  not  among  the  polypi  ? 
Is  not  this  evidently  feen  from  the  variety  of  coral  bo- 
dies ? It  feems  in  fome  as  if  thoufands  a<5ted  in  concert 
togethers  ; in  others  each  a<5ts  for  itfelf  ; of  wh;ch  latter 
is  the  belemnites.  The  fhape  of  the  belemnites  is  ge- 
nerally conic,  terminating  in  a point,  and  ( f various 
colours,  according  to  the  juice's  of  the  ftratum  in  which 
it  lay  ; it  has  ufually  a feam  running  down  the  whole 
length  of  it.  Its  interior  conftitution  feems  compofed 
of  feveral  crufts,  which  when  broken  tranfverfely  pro- 
ceed on  rays  from  the  feam  to  the  centre.  This  feam  I 
take  to  have  been  the  habitation  of  the  animal  in  its  po- 
lypus ftate,  and  in  which  the  body  was  affixed.  The 
animals  of  the  teftaceous  tribe  in  general,  as  they  in- 
creafe  in  age,  increafe  their  fhells  in  thicknefs,  until 
they  have  lived  their  ftated  time,  and  that  is  done  by 
adding  a new  cruft  to,  as  feveral,  if  not  all  the  tubuli, 
the  oy  fters,  and  the  nautili,  witnefs.  By  length  of  time 
they  grow  inaftive  and  dead,  the  effeft  of  extreme  old 
age  fufFering  other  marine  bodies,  as  worms  and  oyf- 
ters, to  affix  themfelves  to  their  outer  coat.  The  like  ap- 
pearance we  frequently  meet  with  on  belemnitse,  when 
the  animal  within  was  either  waxed  old,  or  dead. 


One  might  enlarge  upon  the  analogies  which  maybe 
found,  between  the  origin  of  thefe  minute  animals,  the 
origin  of  plants,  and  that  of  thofe  other  animals* 
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which  we  are  mere  acquainted  with.  Bat  we  fhall  be 
better  able  to  judge  of  thofe  analogies,  when  we  come 
to  know  more  both  of  plants  and  animals. 

The  furprifmg  fafts  which  the  ftudy  of  natural  hif- 
tory  lays  before  us  day  by  day,  may  convince  us,  that 
the  nature  of  plants  and  animals,  is  as  yet  but  very  iiti- 
* perfectly  known  : indeed  much  more  imperfectly,  than 
many  have  been  apt  t©  imagine.  All  we  know  is  very* 
little,  in  comparison  of  what. remains  unknown.  And 
this  consideration,  as  it  fhould  prompt  us,  dill  more 
diligently  to  inquire  after  truth,  So  it  {hould  make  us 
exceeding  cautious  how  we  judge  of  the  nature  of 
things  from  fo  few  principles  as  we  are  at  prefent  maf- 
ters  of. 


25.  One  circumftance  more  is  worthy  our  obferra- 
tion,  with  regard  not  only  to  infeCts,  but  in  fome  mea- 
fure  to  the  whole  animal  creation,  namely  the  various 
transformations  they  undergo.  Thofe  kinds  of  animals 
which  are  viviparous,  which  produce  their  young  alive, 
undergo  the  {lighted  alteration ; yet  even  tliefe  have 
Some.  Growth  itfelf  is  the  lowed  dep  of  this  ladder  : 
and  this  is  common  to  all  animals.  Man  himfelf, 
lordly  as  he  is,  at  his  perfect  growth,  is  not  only  the 
mod  helplefs  at  his  birth,  but  continues  fo  longer  than 
any  other  member  of  the  animal  world.  However, 
except  that  of  growth,  he  undergoes  no  confiderable 
alteration  in  this  life. 

Quadrupeds  undergo  a greater  change  yearly,  by 
the  • lofs  and  renovation  of  their  outward  covering. 
This  change  hoWever  is  gradual,  and  almod  infenfible, 
the  latter  beiijg  of  the'  fame  fubdance,  and  even  colour 
as  the  former.  But  there  is'  an  exception  to  this,  in 
thofe  which  undergo  this  change  twice  in  the  year,  as 
do  the  bears,  hares  and  foxes  in  Greenland,  and  other 
extremely  cold  countries  : and  the  ermins,  which  are 
frequent  in  Yorkfhire,  and  feveral  other  parts  of  Eng- 
land, their  hair  changes  white  at  the  approach  of  win- 
ter, and  in  fpring  refumes  its  former  colour. 

One  clafs  however  of  viviparous  animals  undergo  a 
more  fudden  alteration,  namely,  the  ferpent-kind. 
Thefe  having  n©  hair  or  fur  to  lofe  gradually,  caft 
their  whole  covering  at  once,  and  are  fo  dexterous 
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therein,  though  they  have  neither  feet  nor  claws,  that 
their  whole  fkins  are  frequently  found  entire,  without 
even  the  cornea  or  outward  cafe  of  the  eyes,  which  ac- 
companies the  other  exuviae,  being  broken. 

Next  to  thefe  are  oviparous  animals.  Thefe  make 
their  firft  appearance  in  a ftate  of  entire,  ina&ion,  but 
being  gradually  ripened  by  natural  or  artificial  heat, 

• burft  out,  fome  in  their  complete  ftate,  as  lizards,  fpi- 
ders,  and  fifh  in  general : and  others,  as  birds,  re- 
quiring like  viviparous  animals,  the  addition  of  the 
extrementitious  parts.  Almofi  all  the  fpecies  of  thefe 
which  we  know,  need  the  fame  farther  change  with 
the  viviparous.  All  birds  moult  their  feathers,  and 
many  in  cold  countries  change  the  colour  of  them  in 
the  winter.  * Lizards  drop  their  fkins  like  fnakes  ; one 
kind  of  them,*  water  newts,  every  two  or  three  weeks. 

Spiders,  crabs,  and  all  whofe  outward  covering  is 
cruftaceous,  and  therefore  incapable  of  diftenfion,  caft 
their  ftiells  once  a year,  at  which  time  nature  provides 
them  with  fuch  fupplementary  juices,  by  a kind  of 
exudation  from  their  pores,  as  form  a new  fheli  be- 
neath. 


Proceed  we  to  thofe  animals,  whofe  transformations 
are  more  complete,  which  being  fully  poffeft  of  life  in 
one  figure,  afterwards  affume  another,  or  being  firft 
in  one,  afterwards  inhabit  a quite  different  element. 

To  give  an  inftance  of  each,  the  egg  of  a frog  being 
laid  in  the  water,  produces  a lively  animal  which  we 
call  a tadpole.  He  has  a thin  flimy  tail,  wThich  fleers 
him  in  the  water,  in  which  he  wholly  refides.  But  af- 
ter awhile,  legs  and  feet  burft  through  the  {kin ; the 
tail  drops  off,  he  is  a perfect  quadruped.  He  leaps  up- 
on the  earth,  and  ranges  over  that  ground,  on  which 
fome  time  fince  it  would  have  been  death  to  him  to  be 
caft.  . ■*  ^ 

The  beetle-clafs  is  an  inftance  of  the  other  change 
and  particularly  the  cock-chaffer.  - The  female  depo- 
fites  her  egg  below  the  furface  of  the  earth,  which 
hatches  into  a grub,  with  two  or  three  pair  of  ftrong 
forceps,  whereby  it  is  enabled  to  force  its  way  through 
the  mould  where  it  was  lodged,  and  to  cut  and  tear  in 
pieces  for  its  nourifhment  any  fmall  roots  which  come 
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in  its  way.  After  ftaying  here  two  whole  years,  a 
fhelly  covering  forms  over  its  foft  body,  a pair  of  fine 
wings  grow  on  its  back,  to  fectire  which  from  danger, 
when  not  ufed,  a pair  of  ftrong  cafes  are  provided. 
And  now  forcing  his  way  out  of  the  ground,  he  be- 
comes a lively  inhabitant  of  the  air. 


CHAP.  VI. 

General  Observations  and  Reflections. 


1.  A S to  the  number  of  animals,  the  fpecies  of 
beads,  including  alfo  ferpents,  are  not  very 
numerous.  Such  as  are  certainly  known  and  clearly 
defcribed,  are  not  above  a hundred  and  fifty.  And 
yet  probably  not  many  that  are  of  any  confiderable 
bignefs,  have  efcaped  the  notice  of  the  curious. 

The  fpecies  of  birds,  known  and  defcribed,  are  near 
five  hundred,  and  the  fpecies  of  fifties,  fecluding  ftiell-  . 
fifti,  as  many  : but  if  the  (liell-fifti  are  taken  in,  above 
. fix  times  the  number.  How  many  of  each  genus  re- 
main undifcovered,  we  cannot  very  nearly  conjecture. 
But  we  may  fuppofe,  the  whole  fum  of  beafls  and 
birds  to  exceed  by  a third  part,  and  fifties  by  one  half, 
thole  that  are  known. 

The  infeCts,  taking  in  the  exfanguious,  both  terref- 
trial  and  aquatic,  may  for  number  vie  even  with  plants 
themfelves.  The  exfanguious  alone  by  what  Dr.  Lif- 
ter has  obferved  and  delineated,  we  may  conjecture 
cannot  be  lefs  (if  not  many  more)  than  three  thoufand 
fpecies.  Indeed'  this  computation  feems  to  be  much 
too  low : for  if  there  are  a thoufand  fpecies  in  this  lf- 
land  and  the  fea  near  it  ; and  if  the  fame  proportion 
, hold  between  the  infeCts  native  of  England,  and  thofe  of 
the  reft  of  the  world  (about  a tenth  : j the  fpecies  of  in- 
feCts. on  the  whole  globe*,  will  amount  to  ten  thoufand. 

Now  if  the  number  of  creatures  even  in  this  lower 
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world,  be  fo  exceeding  great:  how  great,  how  im- 
mense rauft  be  the  power  and  wifdom  of  Him  that 
formed  them  all  ! For  as  it  argues  far  more  fltill  in 
an  artificer,  to  be  able  to  frame  both  clocks,  and 
watches,  and  pumps,  and  many  other  forts  of  ma- 
chines, than  he  could  difplay  in  making  but  one  of 
thofe  forts  of  engines:  fo  the  Almighty  declares  more 
of  his  wifdom,  in  forming  fuch  a multitude  of  different 
forts  of  creatures,  and  all  with  admirable  and  unre- 
proveable  art,  than  if  he  had  created  but  a few. 

2.  Again,  the  fame  fuperiority  of  knowledge  would 
be  difplayed,  by  contriving  engines  for  the  fame  pur- 
pofes  after  different  fafhions,  as  the  moving  clocks  or 
other  engines  by  fprings  inftead  of  weights  : and  the 
infinitely  wife  Creator,  has  fhewn  by  many  inftancesr 
that  he  is  not  confined  to  one  only  inftrument,  for  the 
working  one  effeCt,  but  can  perform  the  fame  thing  by 
divers  means.  So  though  moft  flying  creatures  have  • 
feathers,  yet  hath  he  enabled  feveral  to  fly  without 
them,  as  the  bat,  one  fort  of  lizard,  two  forts  of  fifties,* 
and  numberlefs  forts  of  infeCts.  In  like  manner,  al- 
though the  air-bladder  in  fiflies  feems  neceffary  for 
fwimming  r yet  are  many  fo  formed  as  to  fwhn  without 
it,  as  firft,  the  cartilaginous-kind,  which  neverthelefs  af« 
cend  and  defcend  at  pleafure,  although  by  what  means 
we  cannot  tell.  Secondly,  the  cetaceous-kind  : the 
air  which  they  receive  into  their  lungs,  in  fome  mea- 
fnre  anfwering  the  fame  end. 

Yet  again,  though  God  has  tempered  the  blood  and 
bodies  of  moft  fifties  to  their  cold  element,  yet  to  fliew 
he  can  preferve  a creature  as  hot  as  beafts  themfelves 
in  the  coldeft  water,  he  has  placed  a variety  of  thefe 
cetaceous  fiflies  in  the  northermoft  feas.  And  the  co- 
pious fat  wherewith  their  bodies  are  enclofed,  by  re- 
flecting the  internal  heat,  and  keeping  off  the  external* 
cold,  keeps  them  warm  even  in  the  neighbourhood  of 
the  pole. 

Another  proof  that  God  can  by  different  means  pro-  ' 
duce  the  fame  effeCt,  is  the  various  ways  of  extracting 
the  nutritious  juice  out  of  the  aliment  in  various  crea- 
tures. * 

In  man  and  beafts  the  food  firft  chewed,  is  received 
into  the  ftomach,  where  it  is  concoCted  and  reduced  in- 
to 
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to  chyle,  and  fo  evacuated  into  the  inteftines,  where 
being  mixed  with  thecholer  and  pancreatic  juice,  it  is 
farther  ftibtilized,  and  rendered  fo  fluid,  that  its  finer 
parts  eafily  enter  the  mouth  of  the  lafteal  veins. 

In  birds  there  is  no  chewing  : but  in  fuch  as  are 
not  carnivorous,  it  is  immediately  fwallowed  into  the 
crop,  or  anti-ftomach  (which  is  obferved  in  many,  ef* 
pecially  pifcivorous  birds  (where  it  is  moiftened  by  iome 
proper  juice,  and  then  transferred  to  the  gizzard,  by 
the  working  of  whofe  mufcles,  affifted  by  fmall  pebbles 
which  they  fwallow  for  that  purpofe,  it  is  ground  fmall, 

and  fo  tranfmitted  to  the  inteftines. 

In  oviparous  reptiles,  and  all  kind  of  ferpents,  there 

is  neither  chewing  nor  comminution  in  the  ftomach, 
but  as  they,  fwallow  animals  whole,  fo  they  void  the 
(kins  unbroken,  having  extradled  the  nutritious  juices.  , 
.Here,  by  the  bye,  we  may  obferve  the  wonderful  di- 
latability  of  the  throats  and  gullets  of  ferpents.  Two 
entire  adult  mice  have  been  taken  out  of  the  ftomach 
of  an  adder,  whofe  neck  was  no  bigger  than  one's  lit- 
tle finger. 

Fillies,  which  neither  chew,  nor  grind  their  meat, 
do,  by  means  of  a corrofive  juice  in  their  ftomach,  re- 
reduce fkin,  bones,  and  all  into  chyle.  And  yet  this 
juice  (hows  no  acidity  to  the  tafte.  But  how  mild 
foever  it  taftes,  it  corrodes  all  animal  fubftances,  as 
aqua  fortis  does  iron. 

3.  Several  eminent  men  have  been  of  opinion,  that 
all  brutes  are  mere  machines.  This  may  be  agreeable 
enough  to  the  pride  of  man  ; but  it  is  not  agreeable  to 
daily  obfervation.  Do  we  not  continually  obierve  in 
the  brutes  which  are  round  about  us,  a degree  of  rea- 
fon  ? Many  of  their  actions  cannot  be  accounted  for 
without  it  : as  that  commonly  noted  of  dogs,  that 
runniug  before  their  matters,  they  will  ftop  at  the 
parting  of  the  road,  till  they  fee  which  way  their  maf* 
ters  take.  And  when  they  have  gotten  what  they  fear 
will  be  taken  from  them,  they  run  away  and  hide  it. 
Nay,  what  account  can  be  given,  why  a dog  being  to 
leap  on  a table,  which  he  fees  he  cannot  reach  at  once, 
if  a ftool  or  chair  ftands  near  it,  firft  mounts  that,  and 
thence  proceeds  to  the  table  i If  he  were  mere  clock- 
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work,  and  his  motion  caufed  by  a material  fpring* 
that  fpring  being  once  fet  to  work,  would  carry  the 
machine  in  a right  line,  towards  the  objedt  that  put  it 
in  motion.  " T & 

Were  it  true,  that  brutes  were  mere  machines,  they 
could  have  no  perception  of  pleafure  or  pain.  But 
how  contrary  is  this,  to  the  doleful  fignifications  they 
give,  when  beaten  or  tormented?  How  contrary  to 
the  common  fenffe  of  mankind  ? For  do  we  not  all  na- 
turally pity  them,  apprehending  them  to  feel  pain  juft 
as  we  do  ? Whereas  no  man  is  troubled  to  fee  a plant 
torn,  or  cut,  or  mangled  how  you  pleafe.  And  how 
contrary  to  fcripture  ? “ A righteous  man  regardeth 

the  life  of  his  beaft  : but  the  tender  mercies  of  the 
wicked  are  cruel, ” Prov.  xi.  10.  The  former  claufe  is 
ufually  rendered,  “ a good  man  is  merciful  to  his 
beaft.”  And  this  is  the  true  rendering,  as  appears  by 
the  oppofite  claufe,  that  the  wicked  is  cruel.  Cruelty 
then  may  be  exercifed  toward  beafts*  .But  this  could 
not  be*.  were  they  mere  machines.  *. 

• • > 5 '*  J } 

: 4.  The  natural  mftindl  of  all  creatures,  and  the  fpeci- 
• al  provifion  made  for  fome  of  the  moll  helplefs,  do  in^a 
particular  manner  demonftrate  the  Creator’s  care. 

Firft,  what  an  admirable  principle  is  the  natural  af- 
fection of  all  creatures  toward  their  young  ! By  means 
of  this,  with  what  care  do  they  nurfe  them  up,  think- 
ing no  pains  too  great  to  be  taken  for  them,  no  danger 
too  great  to  be  ventured  upon,  for  their  guard  and  fe- 
curity  ! How  will  they  carefs  them  with  their  affec- 
tionate notes,,  put  food  into  their  mouths,  fuckle  them, 
cherifh  and  keep  them  warm,  teach  them  to  pick  and 
eat,  and  gather  food  for  themfelves  : and  in  a word, 
perform  the  whole  part  of  fo  many  nurfes,  deputed  by 
the  fovereign  Lord  of  the  world,  to  help  fuch  young 
and  fhiftlefs  creatures  till  they  are  able  to  fhift  for  them- 
felves. 

Other  animals,  infers  in  particular,  whofe.  off- fpring 
is  too  numerous  for  the  parent’s  provifion,  are  fo  gene- 
rated, as  to  need  none  of  their  care.  For  they^arrive* 
immediately  at  their  perfedt  ftate,  and  fo  are  able  to 
fhift  for  themfelves.  Yet  thus  far  the  parental  inftinfl, 
(equal  to  the  mod  rational  fore-fight),  extends,  that 
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they  do  not  drop  their  eggs  any  where,  but  in  commo- 
dious places,  fuitable.to  their  fpecies.  And' fome  in- 
clude, in  their  nefts,  fufficient  and  agreeable  food,  to 
ferve  their  young  till  they  come  to  maturity. 

And  for  the  young  themfelves.  As  the  parent  is  not 
able  to  carry  them  about,  to  clothe  them  and  dandle 
them,  as  man  doth;  how  admirably  is  it  contrived, 
that  they  can  foon  walk  about,  and  begin  to  fliift  for 
themfelves  1 How  naturally,  do  they  hunt  for  their 
teat,  fuck,  pick  and  take  in  their  proper  food  ! 

On  the  other  hand,  the  young  of  man,  (as  their  pa- 
rent’s reafon  is  fufficient,  to  help,  to  nurfe,  feed  and 
dothe  them)  are  born  utterly  helplefs,  and  are  more 
abfolutely  than  any  creature,  caft  upon  their  parents> 
care. 


. Secondly,  what  admirable  provifion  is  made  for 
fome  of  the  mofc  helplefs  creatures,  at  a time  when 
they  mud  otherwife  utterly  perifh  ! The  winter  is  an 
improper  feafon  to  afford  food  to  infers  and  many 
other  animals.  When  the  fields,  trees,  and  plants 
are  naked,  and  the  air  is  chilled  with  froft ; what 
would  become  of  fuch  animals,  whofe  tender  bodies 
are  impatient  of  cold,  and  who  are  nouriflied  only  by 
the  produce  of  the  fpring  or  fummer  ? To  prevent  their 
total  deftrudion,  the  Wife  Preferver  of  the  world  has 
fo  ordered,  that  in  the  firft  place,  thofe  which  are  im- 
patient of  cold,  fhould  have  fuch  a peculiar  llrudure  of 
body,  as  during  that  feafon,  not  to  fuffer  any  wafte, 
nor  confequently  need  any  recruit.  Hence  many  forts 
of  birds,  and  almoft  all  infeds,  pafs  the  whole  winter 
without  any  food.  And  moil  of  them  without  any  re- 
fpiration.  It  feems  all  motion  of  the  animal  juices  is 
extindt.  For  though  cut  in  pieces  they  do  not  awake, 
nor  does  any  fluid  ooze  out  at  the  wound.  This  fleep 
therefore  is  little  lefs  than  death,  and  their  waking,  than 
a refurredion : when  the  returning  fun  revives  them 
and  their  food  together. 

The  next  provifion  is  for  fuch  creatures  as  can  bear 
the  cold,  but  would  want  food.  This  is  provided 
again  in  fome,  by  a long  patience  of  hunger  ; in  others 
by  their  wonderful  inftind,  in  laying  up  food  before 
Japnd,  againft  the  approaching  winter.  By  fome  of 
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thefe,  their  little  treafuries  are  at  the  proper  feafon  well 
flocked  with  provifions.  Yea,  whole  fields  are  here 
and  there  befpread  with  the  fruits  of  the  neighbouring 
trees  laid  carefully  up  in  the  earth,  and  covered  fafe  by 
provident  little  animals. 

S.  And  what  a prodigious  aft  is  it  of  the  Creator’s 
indulgence  to  the  poor,  fhiftlefs  irrationals,  that  they 
are  already  furnifhed  with  fuch  clothing,  as  is  proper 
to  their  place  and  bufinefs  ! With  hair,  with  feathers, 
with  fhells,  or  with  firm  armature,  all  nicely  accom- 
modated, as  well  to  the  element  wherein  they  live,  as 
to  their  feveral  occafions  there.  To  beafts,  hair  is  a 
commodious  clothing  : which  together  with  the  apt 
texture  of  their  Ik  in,  fit  them  in  all  weathers  to  lie  on 
the  ground,  and  to  do  their  fervice  to  man.  The 
thick  and  warm  fleeces  of  others,  are  a good  defence 
againft  the  cold  and  wet,  andalfo  a foft  bed  : yea,  and 
to  many  a comfortable  covering  for  their  tender  young. 

All  the  animals  near  Hudfon’s-Bay,  are  clothed 
with  a clofe,  foft,  warm  fur.  But  what  is  (till  more 
furprifing,  and  what  draws  all  attentive  minds  to  ad- 
mire the  wifdom  and  goodnefs  of  Providence,  is,  that 
the  very  dogs  and  cats  which  are  brought  thither  from 
England,  on  the  approach  of  winter  change  their  ap- 
pearance, and  acquire  a much  longer,  fofter,  and 
thicker  coat  of  hair  than  they  originally  had. 

' And  as  hair  is  a commodious  drefs  for  beafts,  fo  are 
feathers  for  birds.  They  are  not  only  a good  guard 
againft  wet  and  cold,  but  nicely  placed  every  where  on 
the  body,  to  give  them  an  eafy  paflage  through  the 
air,  and  to  waft  them  through  that  thin  medium. 
How  curious  is  their  texture  for  lightnefs,  and  withal 
clofe  and  firm  for  ftrength  1 And  where  it  is  neceJfa- 
ry  they  fhould  be  filled,  what  a light,  medullary  fub- 
ftance  are  the  filled  with  ? So  that  even  the  ftrongeft 
parts,  far  from  being  a load  to  the  body,  rather  help 
to  make  it  light  and  buoyant.  And  how  curioufly  are 
the  vanes  of  the  feathers  wrought,  with  capillary  fila- 
ments, nearly  interwoven  together,  whereby  they  are 
fufficiently  clofe  and  ftrong,  both,  to  guard  the  body 
againft  the  injuries  of  the  weather,  and  to  impower  the  ' 
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Vwags,  tike  fo  many  foils,  to  make  ftrong  impnlfes  oa 
the  air  in  their  flight. 

No  lefs  curious  is  the  clothing  of  reptiles.  How 
well  adapted  are  the  rings  of  feme,  and  the  contortions 
of  the  fkin  of  others,  not  only  to  fence  the  body  fuffi- 
ciently,  but  enable  them  to  creep*  to  perforate  the 
earth,  and  to  perform  all  the  offices  of  their  ftate,  bet- 
ter than  any  other  covering  ? 

Obferve,  for  inftance,  the  tegument  of  the  earth- 
worms, made  in  the  completed;  manner,  for  making 
their  paflage  through  the  earth,  wherever  their  occa- 
sions lead  them.  Their  body  is  made  throughout  of 
/mall  rings,  which  have  a curious  apparatus  of  mufcles, 
that  enable  them  with  great  ftrength  to  dilate,  extend, 
or  contraft  their  whole  body.  Each  ring  is  likewife 
armed  with  ftiff,  fharp  prickles,  which  they  can  open  at 
pleafure,  or  fhut  clofe  to  their  body.  Laftly,  under 
their  fkin  there  is  a flimy  juice,  which  they  emit  as  oc- 
cafion  requires,  to  lubricate  the  body,  and  facilitate 
vtheir  paflage  into  the  earth.  By  all  thefe  means  they 
are  enabled,  whith  eafe  and  fpeed,  to  work  themfelves 
into  the  earth,  which  they  could  not  do,  were  they  co- 
hered with  hair,  feathers/  fcales,  or  fuch  clothing  like 
any  of  the  other  creatures. 

How  wifely  likewife  are  the  inhabitants  of  the  wa- 
ters clothed  ! The  fhells  of  fome  fifhes,  are  a ftrong 
guard  to  their  tender  bodies,  and  confiftent  enough 
with  their  flow  motion  : while  the  fcales  and  fins  of 
others  afford  them  an  eafy  and  fwift  paflage  through 
the  waters. 

, - 6.  Admirable  likewife  is  the  fagacity  of  brute-ani- 
mals in  the  conveniency  and  method  of  their  habitati- 
ons. Their  architectonic  ffeill  herein,  exceeds  all  the 
fkill  of  man.  With  what^  Inimitable  art  do  fome  of 
thefe  poor,  untaught  creatures,  lay  a parcel  of  rude  ug- 
ly flicks  or  draws  together  1 with  what  curiofitydo  they 
line  them  within,  yea,  wind  and  place  every  hair,  fea- 
ther, or  lock  of  wool,  to  guard  and  keep  warm  the  tender 
bodies,  both  of  themfelves  and  their  young  ? And  with 
what  art4o  they  thatch  over  and  coat  their  nefts  without, 
to  deceive  the  eye  of  the  fpettators,  as  well  as  to  guard 
and  fence  them  againft  the  injuries  of  the  weather  ? 
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Even  infe&s,  thofe  little,  weak,  tender  creatures, 
what  artifts  are  they  in  building  their  habitations?  How 
does  the  bee  gather  its  comb  from  various  flowers,  the 
wafp  from  folid  timber  ? With  what  accuracy  do  othqr 
infedts  perforate  the  earth,  wood,  yea,  ftone  itfelf  ? 
Farther  yet,  with  what  care  and  neatnefs  do  moft  of 
them  line  their  houfes  within,'  and  feal  them  up  and  - 
fence  them  without  ? How  artificially  do  others  fold  - 
up  the  leaves  of  trees  ; others  glue  light  bodies  toge- 
ther, and  make  floating  houfes,  to  tranfport  them- 
felves,  to  and  fro,  as  their  various  occafions  require  ! 

7.  Another  inftance  of  the  wifdom  of  Him  that 
made  and  governs  the  world,  we  have  in  the  balance 
of  creatures.  The  whole  furface  of  the  terraqueous 
globe,  can  afford ' room  and  fupport,  to  no  more  than 
a determinate  number  of  all  forts  of  creatures.  And 
if  they  fliould  increafe  to  double  or  treble  the  number, 
they  muft  ftarve  or  devour  one  another.  To  keep  the 
balance  even,  the  great  author  of  nature  has  determined 
the  life  of  all  creatures  to  fuch  a length,  and  their  in- 
creafe to  fuch  a number,  proportioned  to  their  ufe  in 
the  world.  The  life  indeed  of  fome  hurtful  creatures 
is  long  ; of  the  lion  in  particular.  But  then  their  in- 
creafe is  exceeding  fmall  : and  by  that  means  they  do 
not  overllock  the  world.  On  the  other  hand,  where  . 

• the  increafe  is  great,  the  lives  of  thofe  creatures  are 
generally  fliort.  And  befide  this,  they  are  of  great « 
ufe  to  man,  either  for  food  or  on  other  occafions.  This  - 
indeed  fhould  be  particularly  obferved,  as  a fignal  in- , 
ftance  of  divine  providence,  that  ufeful  creatures  are 
produced  in  great  plenty  ; others  in  fmaller  numbers. 
The  prodigious  increafe  of  infers,  both  in  and  out  of 
the  waters  may  exemplify  the  former  oblervation.  For 
innumerable  creatures  feed  upon  them,  and  would  pe- 
rilh,  were  it  not  for  this  fupply.  And  the  latter  is  con- 
firmed by  what  many  have  remarked ; that  creatures 
of  little  ufe,  or  by  their  voracioufnefs,  pernicious,  ei- 
ther feldom  bring  forth,  or  have  but  one  or  two  at  a 
birth.  • 


8.  How  remarkable  is  the  deftru&ion  and  reparation 
of  the  whole  animal  creation  ? The  furface  of  the 
..  . earth 
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earth  is  the  inexhauftible  fource  whence  both  man  and' 
beaft  derive  their  fubfifterice.  Whatever  lives,  lives  on 
what  vegetates,  and  vegetables  in  their  turn,  live,  on 
whatever  has  lived  or  vegetated  : it  is  impoffible  for 
any  thing  to  live,  without  deftroying  fomething  elfe. 
It  is  thus  only  that  animals  can  fubfift  themfelves,  and 
propagate  their  fpecies.  < 

God,  in  creating  the  ftrfl  individual  of  each  fpecies, 
animal  qf  vegetable,  not  only  gave  a form  to  the  dull 
of  the  earth,  but  a principle  of  life,  inclofing  in  each, 
a greater  or  fmaller  quantity  of  original  particles,  in-; 
deftru&ible  and  common  to  all  organized  beings. 
Thefe  pafs  from  body  to  body,  fupporting  the  life, 
and  miniftering  to  the  nutrition  and  growth  of  each. 
i And  when  any  body  is  reduced  to  allies,  thefe  original 
particles,  on  which  death  hath  no  power,  lurvive  and 
pafs  into  other  beings,  bringing  with  them  nourifh- 
ment  and  life.  Thus  every  production,  every  renova-' 
tion,  every  increafe  by  generation  or  nutrition,  fup- 
pofes  a preceding  deftruCtion,  a converfion  of  fubftance, 
an  acceflion  of  thefe  orgaoical  particles,  which  ever 
fubfifting  in  an  equal  number,  render  nature  always 
equally  full  of  life. 

The  total  quantity  of  life  in  the  univerfe  is  therefore 
perpetually  the  fame.  And  whatever  death  feems  to 


deftroy,  / it  deftroys  no  part  of  that  primitive  life, 
which  is  diffufed  through  all  organized  beings.  In- 
ftead  of  injuring  nature,  it  only  caufes  it  to  fliine  with 
the  greater  luftre.  If  death  is  permitted  to  cut  down 
individuals,  it  is  only,  in  order  to  make  of  the  univerfe, 
by  the  reproduction  of  beings,  a theatre  ever  crowded, 
a fpeCtacle  ever  new.  But  it  is  never  permitted  to  de- 
ftroy the  moft  inconfiderable  fpecies.  < 

. That  beings  may  fucceed  each  other,  it  is  neceffary 
that  there  be  a deftruCHon  among  them.  Yet  like  a 
provident  mother,  nature  in  the  midft  of  her  inexhauf. 
tible  abundance,  has  prevented  any  wafte,  by  the  few 
fpecies  of  carnivorous  animals,  and  the  few  individuals 
> of  each  fpecies.;  multiplying  at  the  fanie  time  both  the 
fpecies  and  individuals  of  thofe  that  feed  on  herbage. 
In  vegetables  fhe  feems  to  be  profufe,  both  with  re- 
gard to  the  number  and  fertility  of  the  fpecies. 

In  the  fea  indeed  all  the  fpecies  are  carnivorous. 
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JJut  though  they  are  perpetually  preying  upon,  they 
never  deftroy  each  other,  becaufe  their  fruitfulnefs  is  , 
equal  to  their  depredations. 

“ Thus  through  fucceffive  ages  ftands 
Firm  fixt  thy  providential  care  ! 

Pleas’d  with  the  works  of  thine  own  hands 
Thou  doll  the  waftes  of  time  repair.*’ 

9.  I add  a few  more  refleXions  on  the  wo^l  in  ge» 
neral.  The  fame  wife  Being,  who  was  pleafed  to 
make  man,  prepared  for  him  alfo  an  habitation  i'o  ad- 
vantageoufly  placed,  that  the  heavens  and  the  reft  of 
the  univerfe  might  ferve  it  both  as  an  ornament  and  a 
covering.  He  conftruXed  likewife  the  air  which  man 
was  to  breathe,  and  the  fire  which  was  to  fuftain  his 
life.  - He  prepared  alfo  metals,  falts,  and  all  terref- 
trial  elements  to  renew,  and  maintain  throughout  all 
ages,  whatever  might  be  on  any  account  neceffary  for 
the  inhabitants  of  the  earth.  - _ ~ 

The  fame  Divine  Ruler  is  manifeft  in  all  the  objects 
that  compofe  the  univerfe.  It  is  he  that  caufed  the  dry 
land  to  appear,  above  the  furface  of  the  ocean,  that 
guaged  the  capacity  of  that  amazing  refervoir,  and 
proportioned  it  to  the  fluid  it  contains;  He  colleXs 
the  riling  vapours,  and  caufes  them  to  diftil  in  gentle 
(howers.  At  his  command  the  fun  darts  his  enlivening 
rays,  and  the  wind  fcatters  the  noxious  effluvia,  which 
if  they  were  collected  together  might  deftroy  the  hu- 
man race. 

He  formed  thofe  hills  and  lofty  mountains  which  re- 
ceive and  retain  the  water  within  their  bowels,  in  order  „ 
to  diftribute  it  with  ceconomy  to  the  inhabitants  of  the 
plains,  and  to  give  it  fuch  an  impulfe,  as  might  enable 
it  to  overcome  the  unevennefs  of  the  lands,  and  convey 
it  to  the  remote!!  habitations. 

He  fpread  under  the  plains,  beds  of  clay,  or  compaX 
earths,  there  to  ftop  the  waters,  which  after  a great 
rain,  make  their  way  through  innumerable  little  paf- 
fages.  Thefe  (beets  of  water  frequently  remain  , in  a 
level  with  the  neighbouring  rivers,  and  fill  our  wells 
with  their  redundancy,  or  as  thofe  fubfide,  flow  into 
them  again. 

He 
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He  proportioned  the  variety  of  plants  in  each  coun- 
try, to  the  exigencies  of  the  inhabitants,  and  adapted 
the  variety  of  the  foils,  to  the  nature  of  thofe  plants. 

He  endued  numerous  animals  with  mild  difpofiti- 
ons,  to  make  them  the  domeftics  of  man  : and  taught 
the  other  animals  to  govern  themfelves,  with  an  averfi- 
on  to  dependence,  in  order  to  continue  their  fpecies 
without  loading  man  with  too  many  cares. 

If  we*more  nearly  furvey  the  animal  and  vegetable 
world,  we  find  all  animals  and  plants  have  a certain 
and  determined  form,  which  is  invariably  the  fame. 
So  that  if  a monfter.ever  appear,  it  cannot  propagate 
its  kind,  and  introduce  a new  fpecies  into  the  univerfe. 
Great  indeed  is  the  variety  of  organized  bodies.  But 
their  number  is  limited;  Nor  is  it  poffible  to  add  a 
a new  genus  either  of  plants  or  animals,  to  thofe  of 
which  God  has  created  the  germina,  and  determined 
the  form. 

The  fame  Almighty  power  has  created  a precife 
number  of  Ample  elements,  effentially  different  from 
each  other,  and  invariably  the  fame.  By  thefe  he  va- 
ries the  fcene  of  the  univerfe,  and  at  the  fame  time 
prevents  its  deftruCtion,  by  the  very  immutability  of 
the  nature  and  number  of  thefe  elements.  So  that  the 
whole  is  for  ever  changed,  and  yet  eternally  the  fame. 

Yet  if  we  would  account  for  the  origin  of  thefe  ele- 
ments, we  are  involved  ill  endlefs  uncertainty.  Wd 
can  only  fay,  he  who  has  appointed  their  different 
ufes  in  all  ages,  has  rendered  thofe  ufes  infallible,  by 
the  impofiibility  of  either  deftroying  or  increafing 
them. 

Herein  we  read  the  characters  of  his  power,  which 
is  invariably  obeyed ; of  his  wifdom,  which  has  abun- 
dantly provided  for  every  thing  ; and  of  his  tender 
kindnefs  toward  man,  for  whom  he  has  provided  fer- 
vices  equally  various  and  infallible.  It  is  an  additional 
proof  of  his  continual  care  of  his  creatures,  that  though 
every  thing  be  compofed  of  Ample  elements,  all  placed 
within  our  reach,  yet  no  power  is  able  to  deftroy  the 
leaft  particle  of  them.  Nothing  but  the  fame  caufe 
which  was  able  to  give  them  birth,  can  annihilate 
them,  or  change  their  nature.  In  truth,  the  defign 
and  will  of  the  Creator,  is  the  only  phyfical  caufe  of 
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■*$e  general  ceconomy  of  the  world  : the-  only  phyfical 
qaufe  of  every  organized  body,  every  germin  that  flou- 
rifties  in  it  ; the  only  phyfical  caufe  of  every  minute, 
elementary  partidle,  which  enters  into  the  compofition 
of  all. 

We  muft  not  then  expert  ever  to  have  a clear  and 
full  conception  of  effects,  natures,  and  caufes.  For 
where  is  the  thing  which  we  can  fully  conceive  ? We 
can  no  more  comprehend,  either  what  body  in  general 
is,  or  any  particular  body,  fuppofe  a mafs  of  clay,  or 
a ball  of  lead,  than  what  a fpirit,  or  what  God  is.,_ 

If  we  turn  our  eyes  to  the  minuteft  parts  of  animal 
life,  we  (hall  be  loft  in  aftopifhment  ! And  though 
every  thing  is  alike  eafy  to  the  Almighty,  yet  to  us  it 
is  matter  of  the  higheft  wonder,  that  in  thofe  fpecks  of 
life,  we  find  a greater. number  of  members  to  be  put  in , 
motion,  more  wheels  and  pullies  to  be  kept  going,  and 
a greater  variety  of  machinery,  more  elegance  and 
workmanftiip  (fo  to  fpeak)  in  the  compofition,  more 
beauty  and  ornament  in  the  finifhing,  that  are  feen  in 
the  enormous  bulk  of  the  crocodile,  the  elephant,  or 
the  whale.  Yea,  they  feem  to  be  the  eft'efts  of  an  art, 
as  much  more  exquifite  as  the  movements  of  a watch 
are,  than  thofe  of  a coach  or  waggon. 

Hence  we  learn,  that  an  atom,  to  God,  is  as  a 
world:  and  a world  but  as  an  atom:  juft  as 'to  him, 
one  day  is  as  a thoufand  years  j and  a thoufand  years 
but  as  one  day.  Every  fpecies  likewife  of  thefe  ani- 
malcula  may  ferve  to  correct  our  pride,  and  {hew  how 
inadequate  our  notions  are,  to  the  real  nature  of  things. 
How  extremely  little  can  we  poffibly  know,  either  of 
the  largeft  or  fmalleft  part  of.  the  creation  ? We  are 
furnifhed  with  organs  capable  of  difcerning,  to  a cer- 
tain degree,  of  great  or  little  only.  AU  beyond  is  as 
far  beyond  the  reach  of  our  conceptions,  as  if  it  had 
- .never  exifted.  • . 

Proofs  of  a wifej  a good  and  powerful  Being  are  in- 
deed deducible  from  every  thing  around  us : but  the 
extremely  great,  and  the  extremely  fmall,  feem  to 
furnifti  us  with  thofe  that  are  moft  convincing.  And 
pefhaps,  if  duly  confidered,  the  fabric  of  a world",  and 
the  fabric  of  a mite,  may  be  found  equally  llriking  and 
jconclufiye. 
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Crlaffes  difcover  to  us  numberlefs  kinds  of  living 
Creatures,  quite  indifcernible  to  the  naked  eye.  And* 
How  many  thoufand  kinds  may  there  be,  gradually  de- 
ereafing  in  fize,-  which  we  cannot  fee  by  any  help  what-* 
ever  ? Yet  to  all  thefe  we  mull  believe  God  has  not* 
only  appointed  the  mod  wife  means  for  prefervation 
and  propagation,  but  has  adorned  them  with  beauty’ 
equal  at  lea  ft  to  any  thing  our  eyes  have  feen. 

In  fliort,  the  world  around  us  is  the  mighty  volume  • 
wherein  God  hath  declared  himfelf.  Human  lan- 
guages and  characters  are  different  in  different  nations. 
And  thofe  of  one  nation  are  not  underftood  by  the  reft,' 
But  the  book  of  nature  is  written  in  an  univerfal  cha- 
racter,* which  every  man  may  read  in  his  own  language. 

It  confifts  not  of  Words,*  but  things,  • which  picture  out 
the  Divine  perfections.  The  firmanent  every  where 
expanded,  with  all  its  (tarty  hoft,  declares  the  immen- 
fity  and  magnificence,  the  power  and- wifdom  of  its  - 
Creator.  Thunder,  lightning,  (forms,  earthquakes 
aftd  volcanos,  fhew  the  terror  of  his  wrath.  Seafona- 
ble  rains,  ftm-ihine  and  harveft,  denote  his  bounty 
and  goodnefs,  and  demonftrate  how  he  opens  his  hand, 
and  fills  all1  living  things  with  plenteoufnefs.  The 
conftanfly  fucceedirig  generations  • of  plants  and  ani- 
mals, imply  the  eternity  of  their  firft  caufe.  Life 
fubfifting  in  millions  of  different  forms,  fhews  the  vaft 
diffufion  of  this  animating  power,  and  death  the  infi- 
nite difproportion  between  him  and  every  little  thing. 

Even  the  actions  of  animals  are  an  eloquent  and  a 
pathetic  language.  Thofe  that  want  the  help  of  man 
have  a thoufand  engaging  ways,  which,  like  the  voice" 
of 'God  fpeaking  to  his  heart,  command  him  to  pre- 
ferve  and  cherifh  them.  In  the  mean  time  the  moti-  4 
ons  or  looks  of  thofe  which  might  do  him  harm,  ftrike ; 
him  with  terror,  and  warn  him,  either  to  fly  from  or 
arm  himfelf  againft  them.  Thus  it  is,  ^hat  every  part- 
of  nature  directs  us  to  nature’s  God. 


10.  The  reader  will  eafily  excufe  my  concluding 
this  chapter  alfo,  with  an  extract  from  Mr.  Hervey.  * 1 
In  all  the  animal  world,  we  find -no  tribe,  no  indi- 
vidual neglected  by  its  Creator*  Even  the  ignoble 
/ . . . " ' creatures ; 
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creatures  are  moft  wifely  circumftanced  and  mod  libe* 
rally  accommodated. 

They  all  generate  in  that  particular  feafon,  wdiich 
fupplies  them  with  a flock  of  provifions,  fufficient  not 
only  for  themfelves,  but  for  their  increafing  families. 
The  fheep  yean,  when  there  is  herbage  to  fill  their  ud- 
ders, and  create  milk  for  their  lambs, , The  birds  hatch 
their  young,  when  new-born  infe&s  fwarms  on  every 
fide.  So  that  the  caterer,  whether  it  be  male  or  fe- 
male parent,  needs  only  to  alight  on  the  ground,  or 
make  a little  excurfion  into  the  air,  and  find  a feaft  rea- 
dy drefled  for  the  mouths  at  home. 

Their  love  to  their  offspring,  while  they  are  help- 
lefs,  is  invincibly  ftrong  2 whereas  the  moment  they 
are  able  to  fhift  for  themfelves,  it  vanifhes  as  though 
it  had  never  been.  The  hen  that  marches  at  the  head 
of  her  little  brood,  would  fly  at  a maftiff  in  their  de- 
fence. Yet  within  a few  weeks,  (he  leaves  them  to  the 
wide  world,  and  does  not  even  know  them  any  more. 

If  the  God  of  lfrael  infpired  Bezaleel  and  Aholiah 
“ with  wifdom  and  knowledge  in  all  manner  of  work- 
manftiip,”  the  God  of  nature  has  not  been  wanting,  in 
his  inftru&ions  to  the  fowls  of  the  air.  The  (kill  with 
which  they  eredt  their  houfes,  and  adjuft  their  apart- 
ments is  inimitable.  The  caution  with  which  they  hide 
their  abodes  from  the  fearching  eye,  or  intruding 
hand,  is  admirable.  No  general,  though  fruitful  in 
expedients,  could  build  fo  commodious  a lodgment. 
Give  the  moft  celebrated  artificer  the  fame  materials, 
which  thefe  weak  and  inexperienced  creatures  ufe.  Let 
a Jones  or  a Demoivre  have  only  fome  rude  (tones  or 
ugly  flicks,  a few  bits  of  dirt  or  fcraps  of  hair,  a lock 
g^of  wool,  or  a coarfe  fprig  of  mofs,  and  what  works 
could  they  produce  ? 

We  extol  the  commander,  who  knows  how  to  take 
advantage  of  the  ground  ; who  by  every  circumftance 
embarrafles  the  forces  of  his  enemy,  and  advances  the 
fuccefs  of  his  own-  -Does  not  this  praife  belong  to  the 
feathered  leaders  ? Who  fix  their  penfile  camp,  on 
the  dangerous  branches  that  wave  aloft  in  the  air,* or 
dance  over  the  ftream.  By  this  means  the  vernal 
gales  rock  their  cradle,  and  the  murmuring  waters  lull 
the  young,  while  both  concur  to  terrify  their  enemies, 
5.  and 
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and  keep  them  at  a diftance.  Some  hide  their  Mttle 
houfhold  from  view,  amidft  the  (belter  of  entangled 
furze.  .Others  remove  it  from  difcovery,  in  the  cen- 
tre of  a thorny  thicket.  And  by  one  ftratagem  or 
another  they  are  generally  as  fecure,  as  if  they  in* 
trenched  themfelves  in  the  earth. 

If  the  fwan  has  large  fweeping  wings,  and  a copious 
(lock  of  feathers,  to  fpread  over  his  callow  young,  the 
wren  makes  up  by  contrivance  what  is  wanting  in  her 
bulk.  Small  as  (he  is,  (he  will,  be  obliged  to  nurfe 
up,  a very  numerous  ifTne.  Therefore  with  furprilmg 
judgment  ihe  defigns,  and  with  wonderful  diligence  fi* 
nifties  her  neft.  It  is  a neat  oval,  bottomed  and  vaulted 
over  with  a regular  concave : within  made  foft  with 
down,  without  thatched  with  mofs,  only  a fmall  aper- 
ture left  for  her  entrance.  By  this  means  the  enliven- 
ing heat  of  her  body  is  greatly  increafed  during  the 
time  of  incubation.  And  lier  young  no  fooner  burft 
the  (bell,  than  they  find  themfelves  fcreened  from,  the 
annoyance  of  the  weather,  and  comfortably  repofed* 
till  they  gather  ftrength  in  the  warmth  of  a bagnio. 

Perhaps  we  have  beerv  accuftomed  to  look  upon  in* 
fefls,  as  fo  many  rude  fcraps  of  creation,  But  if  we 
examine  them  with  attention,  they  will  appear  fome  of 
the  moft  polUhed  pieces  of  divine  workmanfhip.  Ma- 
ny of  them  are  decked  with  the  richeft  finery.  Their 
eyes  are  an  aflemblage  of  microfcopes : the  common 
fly,  for  inftance,  who  furrounded  with  enemies,  has 
neither  ftrength  to  refill,  nor  a place  of  retreat  to  fe- 
cure herfelf.  For  this  reafon  (he  has  need  to  be  very 
vigilant,  and  always  upon  her  guard.  But  her  head  is 
fo  fixed  that  it  cannot  turn  to  fee  what  palfes,  either 
behind  or  around  her.  Providence  has  therefore  gi- 
ven her,  not  barely  a retinue,  but  more  than  a legion 
of  eyes.  Infornuch  that  a Angle  fly  is  fuppofed  to  be 
the  miftrefs  of  no  lefs  than  eight  thoufand.  By  the 
help  of  this  truly  amazing  apparatus,  fhe  lees  on  every 
tide,  with  the  utmoft  eafe  and  ipeed,  though  without 
any  motion  of  the  eye,  or  flexion  of  the  neck. 

The  drefs  of  infedts  is  a vefture  of  refplendent  colours, 
fet  with  an  arrangement,  of  the  brighteft  gems.  Their 
wings  are  the  fineft  expanfion  imaginable,  compared 
to;  which,  lawn-  is  as^  coarfe  as  fackcloth.  The  cafes 
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which  enclofe  their  wings,  glitter  with  the  fineft  var* 
toifti,  are  fcooped  into  ornamental  flutings,  are  ftudded 
With  radiant  fpots,  or  pinked  with  elegant  holes.  Not 
one  but  is  endued  with  weapons  to  feize  their  prey,  and 
dexterity  to  efcape  their  foe,  to  difpatch  the  bufinefs 
of  their  flation,  and  enjoy  the  pleafure  of  their  condi- 
tion. 

What  if  the  elephant  is  diftinguifhed  by  his  huge 
. probofcis  ? The  ufe  of  this  is  anfwered  in  thefe  his 
meaner  relations,  by  the  curious  feelers,  remarkable, 
if  not  for  their  enormous  fize,  yet  for  their  ready  flex- 
ion and  quick  fenfibility.  1 By  thefe  they  explore  their 
way  in  the  darkeft  road : by  thefe  they  difcover  and 
avoid,  whatever  might  defile  their  neat  apparel,  or 
endanger  their  tender  lives. 

Every  one  admires  the  majeftic  horfe.  With  how 
rapid  career  does  he  bound  along  the  plain  ? Yet  the# 
grafs-hopper  fprings  forward  with  a bound  abundantly" 
more  impetuous.  The  ant  too,  in  proportion  to  its 
fize,  excels  him  both  in  fwiftnefs  and  ftrerigth  : and 
will  ^ climb  precipices,  which  the  moft  courageous 
courier  dares  not  attempt  to  fcale.  If  the  fnail  moves  * 
more  flov/ly,  flie  has  however  no  need  to  go  the  fame 
way  twice  over  : becaufe  whenever  flie  departs,  where- 
everfhe  removes,  fhe  is  always  at  home. 

The  eagle  it  is  true,  is  privileged  with  pinions  that 
cut-ftrip  the  wind.  Yet  neither  is  that  poor  outcaft, 
the  groveling  mole,  difregarded  by  divine  providence. 
Becaufe  flie  is  to  dig  her  cell  in  the  earth,  her  paws 
ferve  fora  pick -axe  and  fpade.  Her  eye  is  funk  deep 
into  itsfocket,  that  it  may  not  be  hurt  by  her  rugged 
fituation.  And  as  it  needs  very  little  light,  flie  has  no 
feafon  to  complain  of  her  dark  abode.°  ' So  that  her 
fubt<?rranean  habitation,  which  feme  might  call  a dun- 
geon, yields  her  all  the  fafety  of  a fortified  caftle,  and 
all  the  delights  of  a decorated  grot. 

Even  the  fpider,  though  abhorred  by  man,  is  the 
care  of  all-fu  framing  heaven.  < She  is  to  fupport  her- 
felf  by  trepanning  the  wandering  fly.  Suitable  to  her 
employ,  Ihe  has  bags  of  glutinous  moifture.  From 
this  fhe  fpins  a clammy  thread,  and  weaves  it  into  a . 
tenacious  net.  This  (he  fpreads  i$  the  moft  opportune 
place.  But  knowing  her  appearance  would  deter  him 
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from  approaching,  fhe  then  retires  out  of  fight,  Vet, 
fhe  conftantly  keeps  within  diftance  ; fo  as  to  receive' 
immediate  intelligence  when  any  thing  falls  into  her 
toils,  ready  to  fpring  out  in  the  very  inftant.  And  it  i ; 
obfervable,  when  winter  chills  the  air,  and  no  more 
infe&s  rove  through  it,  knowing  her  labour  would  be 
in  vain,  fhe  leaves  her  Hand,  ■*  and  difcontinues  her 
work. 

I muft  not  forget  the  inhabitants  of  the  hive.  The" 
bees  fubfift  as  a regular  community.  And  their  indul-' 
gent  Creator  has  given  them  all  implements  neceflary 
either  for  building  their  combs,  or  compofing  their  ho-'f 
ney.  They  have  each  a portable  veffel,  in  which  they  ' 
bring  home  their  collected  fweets : and  they  have  the- 
moft  commodious  ftore-honfes,  wherein  they  depofit 
them.  They  readily diftingnifh every  plant,  which  af-- 
fords  materials  for  their  bufinefs  ^ and  are  complete 
praftitioners  in  the  arts  of  reparation  and  refinement. 
They  are  aware  that  the  vernal  bloom  and  fummer- 
fun  continue  but  for  a feafon.  Therefore  they  im-^ 
prove  to  the  utmoft  every  filming  hour,  and  lay  up* 
a flock  fuflicient  to  fupply. the  whole  ftate,  till  their  *’ 
•flowery  har  veil  returns.  • ^ 

If  the  mailer  of  thisioWer  creation  is  ennobled  with  1 
• the  powers  of  ration,  the  meaneft  clafles  of  fenfitive  “ 
beings,  are  endued  with  the  faculty  of  inftindt : faga^ 

. city  which  is  neither  derived  from  obfervation,  nor 
waits  the  finifhing  of  experience  : which  without  a tu-  * 
tor  teaches  them  all  neceflary  fkill/and  enables  them  - 
without  a pattern  to  perform  every  needful  operation. 
And  what  is  more  remarkable,  it  never  mifleads  them, 
either  into  erroneous  principles,  or  pernicious  prao 
tices  : nor  ever  fails  them  In  the  moft  nice  and  difficult  - 
of  their  undertakings.  N M > 

Let  us  ftep  into  another  element,  and  juft  vifit  the 
watry  world.  ^There  is  nbt  one  among* the  innumera- 
ble myriads,  that  fwim  the  boundlefs  ocean,  but  is 
watched  over  by  the  Sovereign  eye,  and  is  fupported  by 
his  Almighty  hand.  He  has  condefcended  even  to 
beautify  them.  He  has  given  the  moft  exact  propor- 
tion to  their  fhape,  the  gayeft  colours  to  their  fkin,  and 
-a  poli (bed  furface  tp  their  feales.  The  eyes  of  fome 
are  furrounded  with  a fcarlet  circle  : the  back  of- 
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others  ‘diverfified  with  crrmfen  ftains.  View  them 
when  they  glance  along  the  ftream,  or  when  they  are 
frefh  from  their  native  brine,  the  filver  is  not  more 
bright,  nor  the  rainbow  more  glowing  than  their  vivid, 
glofty  hues. 

But  as  they  have  neither  hands  nor  feet,  how  can  - 
they  help  themfelves  or  efcape  their  enemies  ? By  the 
beneficial,  as  well  as  ornamental  furniture  of  fins. 
Thefe  when  expanded,  like  malls  above,  and  ballaft 
below,  poife  their  floating  bodies,  and  keep  them  ftea- 
dily  upright.  They  are  likewife  greatly  aflifted  by  the 
flexibility  and  vigorous  activity  of  their  tails:  with 
which  they  (hoot  through  the  paths  of  the  fea,  fwifter 
than  a veffel  with  all  its  fails.  But  we  are  loft  in  won- 
der at  the  exquifite  contrivance  and  delicate  formation- 
of  their  gills  : by  which  they  are  accommodated,  even 
in  that  denfe  medium,  with  the  benefits  of  refpiration  ! 
A piece  of  mechanifm  this,  indulged  to  the  raeaneft  of 
the  fry  : yet  infinitely  furpafling,  in  the  finenefs  of  its 
ftrufture  and  operation,  whatever  is  curious  in  the 
works  of  art,  or  commodious  in  the  palaces  of  princes. 
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v . -i,  . ; 

1.  T)  Y plants  we  mean  organized  bodies,  deftitute 
JO  of  fenfe  and  motion,  fixed  m the  earth,  and 
drawing  their  'liouriihment  front  it  by  their  roots.* 
Touching  thefe,  we  may  confider,  firft  the  ftrudture 

of  their  parts,  and  then  their  nutrition  and  generation. 

- ^ ^ . 4 j • - - * "•  , . > 

2.  The  parts  of  which  they  are  compofed  are  either 
liquid  or  folid.  The  liquid  are  ufually  divided  into 
juices  and  tears.  The  juice  is  to  the  plant,  what  blood 
is  to  an  animal,  and  is  various  in  the  various  kinds  of 
plants;^  Tears  are  liquors  which  are  emitted  from 
them,  whether  they  fweat  out  of  them  naturally  : or 
are  drawn  out  of  them,  either  by  art,  or  by  the  heat  of 
the  fun.  Some  of  thefe  remain  liquid  ; others  grow 
by  degrees  into  a firm  confiftence. 

3.  Plants  confift  of  three  diffimilar,  folid  parts,  the 
root,  the  trunk,  and  the  branches.  In  each  of  thefe 
we  may  obferve  three  fimilar  parts,  the  bark,  the  wood* 
and  the  pith. 

4.  To  begin  with  the  trunk.  Here  we  may  firft  ob- 
ferve the  bark ; whofe  furface  confifts  of  little  blad- 
ders, which  furround  the  trunk  like  a ring.  Theft, 
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which  are  commonly  filled  with  fome  kind  of  juice,  be" 
ing  removed,  there  occur  various  ranks  of  woody  fi- 
bres, curioufly  wrought  in  a kind  of  net-work,  one 
row  above  another.  The  intervals  alfo  between  thofe 
fibres,  are  all  filled  with  little  veffels.  The  ufe  of  the 
bark  fecms  to  be,  not  only  like  fkin,  to  cover  the 
wood  and  pith,  but  alfo  to  cqncodt  the  nutritive  juice, 
and  forward  the  growth  of  the  plant,  it  is  probable  the 
juice  afcends  from  the  root,  through  the  fibres,  and  is 
fuftained  by  the  unevennefs  therein,  till  it  is  lodged  in 
the  vcffels.  In  thefe  the  new  juice  being  mixed,  with 
that  they  contained  before,  is  fermented  and  ratified 
to  fuch  a degree,  as  is  needful  for  its  nourishment* 7 

It  has  been  a common  opinion,  that  trees  only  live 
by  the  afcent  of  the  fap  in  the  bark,  or  between  the 
bark  and  the  wood.  \ But  this  evidently  appears  to  be 
a vulgar  error,  from  the  infiance  of  a large,  old  elm, 
in  Magdalen  College  drove  at  Oxford,  which  .was 
quite  difbarked  all  round,  at  mod  places  two  feet,  at 
fome  four  feet  from  the  ground.  Nctwithftanding 
this,  it  grew  and  flourifhed  many  years,  as  well  as  any 
tree  in  the  grove.  What  is  more,  it  was  likewise, 
without  all  pith,  being  hollow  within  .is  a drum.  > Add 
-to  this,  that  the  plane  and  cork-trees,  diveft  themfelves 
every  year  of  all  their  old  bark,  (as  fnakes  do  of  their 
/kins)  and  acquire  a new  one.  Now  during  the  change 
from  one  to  the  other,  it  is  clear  they  are  not  nourifhed 
by  the  bark.  Therefore  there  mu  ft  be  other  veffels,  be- 
fides  thofe  of  the  bark,  capable  of  conveying  the  fap. 
It  is  probable,  the  bark  may  ordinarily  do  this  ; but 
that  when  the  ordinary  conveyance  fails,  feme  of  the 
woody  parts,  (which  were  all  fap-veffels  oi^ce)  refume 
their  ancient  office : fo  far,  at  leaft,  as  to  keep  the 
tree  alive,  though  not  to  increafe  its  bulk.  Perhaps 
this  is  the  ufe  of  the  fop- veflels  in  the  wood  different 
from  that  of  thofe  in  the  bark.  Thefe  are  defigned  for 
the  continuation  of  the  tree  ; thofe  in  the  bark  for  its 
augmentation.  , . 

it  ieems  the  baric,  in  fruit-trees  is  principally  defigned 
vfbr  the  augmentation  of  the  tree  itfelf,  while  the  finer 
veffels  of  the  woody  part,  ftrain  and  prepare  the  juices 
for  the  fruit.  A gentleman  near  Cork,  obfe.rving  that 
Jhis  peach-tree  grew  exceedingly,  but  bore  no  fruit,  cut 
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off  the  bark  almoft  quite  round,  for  the  breadth  of  two 
fingers.  , The  next  year  the  tree  hardly  grew  at  all,  but 
bore  abundance  of  fruit. 

Again.  As  animals  are  furnifhed'  with  the  cellular 
membrane,  which  inverts  and'  covers  all  the  flefliy 
parts,  and  fcreens  them  from  external  cold  ; fo  plants 
are  encompaffed  with  a bark,  replete  with' -flefliy juices, 
by  means  whereof  even  the  winter  cold  is  kept  off,  and 
hindered  from  freezing  the  juices  in  the  veffels.  And 
thofe  forts  of  trees,  whofe  bark  abounds  with  oil,  re- 
main green  all  the  year  round. 

5.  In  the  wood  likewife  there  are  obferved  concave 

fibres,  woven  as  it  were  of  various  veiicles,  and  ftretch- 
ing  all  the  length  of  the  wood,  as  do  the  fibres  of  the 
bark.  Thefe  have  intervals  between  them,  in'  which 
are  tranfverfe  veficles,  reaching  to  the  very  pith. 
There  are  other  fibres,  which  run  obliquely,  and  are 
fat  larger,  but  not  fo  numerous  as  the  former.  In 
fome  trees  there  are  alfo  feveral  rows  of  tubes,  which 
emit  a thick  milky  liquor.  ' * 

6.  The  pith  is  the  middle  of  the  wood.  It  confifts 
of  various  rows  of  hollow  globules,  covered  with  a fine 
membrane.  In  fome  trees  it  contains  a peculiar  juice, 
which  fometimes  hardens,  or  grows  black.  In  tender 
fhoots  the  pith  (which  is  frequently  hexagonal)  is  not 
exactly  in  the  middle  : but  is  fearer  the  bark;  on  the 
ioiith-fide,  than  on  the  north-fide  of  the  plant.  It  is 
a conftant  obfervation,  that  the  pith  leffens  as  the  tree 
grows.  Some  have  imagined  it  to  be  the  heart  of  the 
plant:  but  this  cannot  be.  For  fome  trees  will 
flourifli  and  bear  fruit  after  the  pith  is  taken  out.  Be- 
fides  this,  there  is  in  fome  trees  a blea,  a white  and  a 
tender  fubftance,  between  the  bark  and  the  wood. 

7.  The  root  has  nearly  the  fame  veffels  as  the  trunk. 
Through  it  the  juice  paffes  that  nourilhes  the  plant. 
The  roots  of  fome  plants  * are  full  of  hollow  threads, 
which  tranfmit  nourifhment  to  the  upper  parts.  This 
in  other  plants*  infinuates  itfelf  through*fche  pores  that 
are  in  the  bark  of  the  root*  The  branches  of  a plant 
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agree  with  the  trunk,  in  all  the  effential  parts  of  its 
ftruudhe. 

If  no  moifture  comes  to  the  roots  of  trees  they  can- 
not grow  ; but  if  it  comes  only  to  the  points  of  the 
r«ot,  though  all- the  reft,  remain,  dry,  they  grow  well. 
For  the  root  (hoots  out  yearly  a (harp  pointed  tender 
part,  fomewhat  like  the  lharp  bud  on  the  end  of  a fprig, 
by  which  it  not  only  enlarges  itfelf  in  breadth,  as  the 
branches  do  abqve,  but  alfo  receives  its  nourifhment. 
And  that  tender  part  moves  toward  the  foft  and  rooift 
earth.  So  that  toloofen  the  earth  at  the  points  of  the 
roots,  >much  helps  the  growth  of  all  plants. 

8.  On  the  fmalleft  part  of  the  branches  grow  the 
leaves  ; of  thefe  we  may  obferve,  1.  The  fibres  of  the 
leaf  ftand  not  on  the  ftalk  in  an  even  line,  but  always 
in  an  angular  or  circular  pofture  ; and  their  vafcular 
fibres  or  threads,  are  three,  five  or  feven.  The  rea- 
fon  of  this  pofition  is,  for  the  moreeredt  growth,  and 
for  the  greater  ftrength  of  thejeaf  : as  alfo  for  the  fe- 
curity  of  its  fap.  2.  The  accurate  pofition  of  thefe  fi- 
bres, which  often  take  in  the  eighth  part  of  a circle,  as 
in  mallows ; in  fome  plants  a tenth  ; but  in  rnoft  a 
twelfth.  3.  The  art  in  folding  up  the  leaves  before 
the  eruption,  is  incomparable  both  for  elegance  and 
iecurity.  They  take  up  the  leaft  room  their  form  will 
bear ; and  are  fo  conveniently  couched,  as  to  be  capa- 
ble of  receiving  protection  from  other  parts,  and  of 
giving  it  to  each  other.  - 

Leaves  confift  of  fibres  continued  from  the  trunk  of 
the  tree.'  They  are  clothed  with  an  extremely  thin 
pellicle  which  is  covered  with  the  fineft  down.  Their 
lkin  or  coat  is  only  that  of  the  branches  extended,  as 
gold  is  by  beating.  In  the  bud  they  are  folded  up,  al- 
mofl  in  the  manner  of  a fan,.  fomettmes  in  two,  fome- 
times  in  feveral  plaits.  But  if  they  are  too  thick  to  plait 
commodioufly  in  two,  and  to  be  ranged  againft  each 
other,  or  if  they  are  too  fmall  a number,  or  their  fi- 
bres too  delicate  ; inftead  of  being  plaited,  they  are 
rolled  up,  and  form  either  a fingle  roll,  or  two  roljs, 
which  begin  «at  each  extremity  of  the  leaf,  and  meet 
in  the  middle.  There  are  alfo  fome  plants*  as  fern  in 
particular,  which  form  three  rolls. 
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The  chief  ufe  of  leaves  feems  to  be,  1.  To  catch  the 
dew  and  rain,  and  fo  convey  more  nourifhment  to  the 
plant,  than  the  root  alone  co**ld  do.  2.  To  take  in 
air  ; (of  which  more  hereafter  ;)  and  3.  To  minifter 
to  a kind  of  infenfible  perfpiration,  by  which  redun* 
dancies  may  be  thrown  off. 

9.  The  nutrition  of  plants  feems  to  be  performed 
thus.  As  the  earth  abounds  with  particles  of  every 
fort,  thofe  which  fuit  each  plant,  being  diflblved  by 
moifture  and  agitated  by  heat,  enter  the  root  through 
its  threads  or  pores,  afcend  through  the  woody  fibres, 
and  being  in  the  veficles  of  the  plant  mixed  with  its  na- 
tive-juice,  and  fubtilized  by  fermentation,  infinuate 
tfaemfelves  into  all  parts  of  it.  Part  of  this  nourifties 
the  plant  and  forms  the  fruit ; the  refidue  tranfpires. 
But  as  all  particles  are  not  equally  fit  to  enter  the 
pores  of  every  plant,  neither  can  all  be  fermented  into 
a juice  proper  to  nourilh  it:  the  reafon  is  plain,  why 
every  plant  will  not  flourifli  in  every  foil. 

It  is  remarkable,  that  trees  of  very  different  kinds, 
draw  their  whole  fuftenance  from  the  moifture  they 
find  in  the  fame  piece  of  ground,  and  from  the  am- 
bient air  and  dews.  Hence  we  may  infer,  that  the  ve- 
ry contexture  of  their  bodies  form  the  firft  feed,  are  the* 
natural  limbecs,  where  the  common  water  and  air,  ase* 
digefted  into  fo  many  different  leaves  and  fruits. 

We  fee  alfo,  that  a handful  of  mofs,  fometimes 
above  a fpan  long,  grows  out  of  a fmall  oyfter-fhell, 
without  any  earth,  as  4®  trees  out  of  bare  rocks. 
Hence  we  eafily  learn,  that  the  feeds  firft,  and  then. 
, the  roots,  ftems,  and  leaves  of  trees,  are  the  ftrainers 
which  fecrete  and  generate  their  peculiar  faps  and 
juices.  Thefe  are  at  firft  little  elfe  than  pure  air  and 
water,  till  they  are  concreted  in  peculiar  falts,  by  more 
curious  ftrainers,  and  more  fubtile  boilers  than  art  has 
ever  advifed. 

10.  The  ancients  generally  fuppofed  the  earth  to 
produce  vegetables  many  of  the  moderns  afcribe  k to 
water  alone.  But  it  is  a doubt  whether  the  experiment 
was  made  with  the  nicety  that  is  requifite.  And  it 
proves  nothing,  unlefs  that  water  be  quite  pure  from 
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any  terreflrial  mixture.  For  if  it  be  not,  the  plant" 
may  ov/e  its  whole  growth  to  that  terreflrial  matter. 

Who  can  find  any  water,  newly  taken  out  of  the 
fpring,  which  does  not  exhibit  even  to  the  naked  eye, 
great  numbers  of  fmall  terreflrial  particles,  dlfperfed 
through  every  part  of  it  i Thefe  are  of  two  general 
kinds.  Some  are  of  a mineral  nature,  others  of  a ve- 
getable. Of  the  latter  fome  are  fit  to  nourifli  one 
plant,  or  one  part  of  it,  and  fome  another.  All  wa-* 
ter  is  much  charged  with  vegetable  matter,  which  is ' 
fine,  light,  and  eafily  moveable.  Spring  water  con- 
tains lefs  of  it  than  river  water,  river  water  more  than” 
rain  water. 

To  which  of  thefe  waters,  or  the  matter  fuftainedv 
therein,  do  vegetables  owe  their  growth  ? In  order  to 
decide  this,  the  following  experiments  were  made.  Se^. 
veral  phials  of  the  fame  fhape  and  fize  were  filled  with 
equal  quantities  of  water.  Over  each  was  tied  a piece 
of  parchment,  with  a hole  in  it  juft  large  enough  for 
the  ftem  of  the  plant,  to  prevent  the  water  from  eva- 
porating, or  afcending  any  way  but  through  the  plant. 
Several  plants  being  exa<5lly  weighed,  were  then  placed 
in  thefe  phials,  and  as  they  imbibed  the  water,  more 
was  added  from  time  to  time.  Each  glafswas  marked 
with  a different  letter,  and  all  fet  in  the  fame  window, 
from  July  20,  till  Odtober  1.  Then  they  were  taken 
out,  the  water  in  each  phial  weighed,  and  the  plant 
with  the  leaves  that  had  fallen  off.  It  then  appeared 
how  much  each  plant  had  gained,  and  how  much  wa- 
ter had  been  expended  upon  it. 
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The  water  afcends  through  the  veffels  of  plants,  as 


through  a filtre.  And_a  larger  filtre  draws  more  wa- 
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ter  than  a fmaller.  Therefore  plants  that  have  more 
or  larger  vefTels,  draw  more  than  thole  that  have  few- 
er and  fmaller. 

But  the  greateft  part  of  the  water  imbibed  by  plants, 
pafTes  through  their  pores,  into  the  atmofphere.  Hence 
the  leaft  proportion  of  water  expended  is  to  the  increafe 
of  the  plant,  as  46  or  50  to  one  In  fome  it  is  100, 
200,  nay  in  one,  700  times  as  much  as  the  increafe  of 
the  plant. 

Nor  does  this  water  pafs  off  alone,  but  bears  with  it 
many  particles  of  the  plant.  The  groffer  indeed  are 
not  fo  eafily  borne  up  into  the  atmofphere,  but  are  ufu- 
ally  depofited  on  the  furface  of  the  flowers,  leaves,  or 
other  parts  of  the  plant.  Hence  our  honey-dews,  and  ' 
other  gummous  exudations.  But  the  finer  eafily  af- 
cend  into  the  atmofphere,  and  are  conveyed  to  our  or- 
gans for  fmell. 

Great  part  of  the  terreftrial  matter  mixt  with  llie  wa- 
ter afcends  ; into  the  plants.  After  the  experiment, 
there  was  much  more  of  it  in  the  glafles  which  had  no 
plants  in  them,  that  in  thofe  that  had.  Indeed,  this 
Y )s  matter, 
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matter,  being  fo  fine  and  light,  attends  water  in  all  Its 
motions : fo  that  filtre  it  ere r fo  often,  fome  will  re«* 
main. 

The  plant  increales  more  or  lefs  as  the  water  it 
(lands  in,  contains  more  or  lefs  of  this  matter.  So  the 
mint  in  the  glafs  C.  was  of  much  the  fame  bulk  and 
weight  with  thofe  in  A.  and  B.  But  (landing  in  river- 
water,  which  contained  more  terreftrial  matter,  than 
the  fpring  or  rain  water  wherein  they  (load,  it  increafed 
almoft  double  to  either  of  them,  yea,  and  with  lefs  ex- 
penfe  of  water. 

But  all  vegetable  matter  is  not  proper  for  the  nou- 
rifliment  of  every  plant.  Although  fome  parts  in  all 
may  owe  their  fupply  to  die  fame  common  matter,  yet 
others  require  a peculiar  fort  of  matter,  and  cannot  be 
formed  without  it.  Yea,  different  ingredients  go  to 
the  compofition  of  one  and  the  fame  plant.  If  there- 
fore the  foil  wherein  a plant  is  fet,  contains  all,  or  moft 
of  thofe  ingredients,  it  will  grow  there,  otherwife  not* 
If  there  be  not  as  many  forts  of  particles,  as  aie  re- 
quifite  for  the  eflential  parts  it  will  not  grow  at  allr 
If  they  be  there,  but  not  enough  of  them,  it  will  not 
grow  to  its  natural  ftature.  It  the  lefs  eflential  parti- 
cles be  wanting,  it  will  be  defe&ive  in  fmell,  taftc  or 
fome  other  way.  .But  though  fome  land  may  not  con- 
tain matter  proper  for  fome  plants,  yet  it  may  for 
others.  All  this  (hews,  that  plants  owe  their  increafe, 
not  to  water  only,  but  to  a particular  terreftrial  mat- 
ter : elfe  there  would  be  no  need  of  manure,  or  of  tranf- 
planting  them  from  place  to  place.  The  rain  falls  on 
all  pi  ices  alike  : on  this  field  and  that,  this  garden  or 
orchard  and  another.  Vegetables  therefore  are  not 
formed  of  water.  One  plant  drew  up  2501  grains  of 
this  ; yet  increafed  only  three  grains  and  a half.  The 
mint  in  B.  took  thirty-nine  grains  of  water  a day, 
which  was  much  more  than  the  whole  weight  of  the 
original  plant.  And  yet  it  gained  not  one  fourth  of  a 
grain  in  a day  and  night. 

Water  then  is  only  a vehicle  to  the  terreftrial  matter* 
whicbsTorms  vegetables.  Where  this  is  wanting,  the 
plant  does  not  increafe,  though  ever  fo  much  water  aft- 
cend  into  it;.  This  is  only  the  agent  which  conveys 
that  matter  to  them,  and  diftributes  it  to  their  feveral 
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parts  for  their  nourifliment.  It  is  fitted  For  this  office 
by  the  figure  of  its  parts,  which  are  exa&ly  fpherical  | 
therefore  eafily  fufceptible  of  motion,  and  confequent- 
ly  capable  of  conveying  other  matter  that  is  not  fo  vo- 
luble. Befide,  the  conftituent  particles  of  water  are 
abfolutely  folid,  and  do  not  yield  to  the  greateft  exter- 
nal force therefore  their  intervals  are  always  alike. 
By  this  quality  water  is  difpofed  to  receive  matter  into 
it : by  the  former,  to  bear  it  along  with  it. 

It  is  fartner  qualified  to  be  a vehicle  of  this  matter, 
by  the  finenefs  of  its  particles.  We  fcarce  know  a 
fluid  in  nature,  except  fire,  whofe  conftituent  parts  are 
fo  exceeding  fmall.  They  pafs  pores  which  air  itfelf 
cannot  pafs.  This  enables  them  to  enter  the  fineft  vef- 
fels  of  plants,  and  to  introduce  the  terreftrial  matter  to 
all  parts  of  them  ; each  of  which,  by  means  of  pecu- 
liar organs,  afiumes  the  particles  fuitable  to  its  own 
nature,  letting  the  reft  pafs  on  through  the  common 
du&s.  ' ... 

•V.  ' «»  ' 

lL  As  to  tha  motion  of  the  nutritive  juice  foma 
think  it  afcends  by  the  wood,  and  defcends  by  the  bark. 
But  it  is  not  eafy  to  (hew,  by  what  particular  tubes  it 
either  afcends  or  defcends.  Neither  after  all  our  re* 
fearches  does  it  appear,  what  is  the  principle  of  this- 
motion.  Whether  there  be  any  fuch  thing  as  an  at*, 
tra&ive  force  in  the  plant  itfelf  : or  whether  it  be  per* 
formed  on  the  mere  principles  of  mechanifm,  by  the 
expanfion  of  the  air  contained  in  the  juice,  which 
moves  and  propels  the  particles  of  it  into  every  part  of 
the  plant. 

However,  that  the  fap  in  plants  does  circulate  is 
made  probable  by  an  eafy  experiment.  On  a branch 
of  a plain  jeftamine,  whofe  Hem  fpreads  into  two  or 
three  branches,  inoculate  in  Autumn,  a bud  of  the 
yellow  ftriped  jefiamine.  When  the  tree  (hoots  the 
next  fummer,  fome  of  the  leaves  will  be  ftriped  with 
yellow,  even  on  the  branches  not  inoculated.  And 
by  degrees,  the  whole  tree  will  be  ftriped,  yea,  the  ve- 
ry wood  of  the  young  branches. 

It -is  probable  the  circulation  is  performed  thus.  The 
wood  of  plants  confifts  of  fine,  capillary  tubes,  which 
run  parallel  with  each  other  from  the  roott,  and  may 
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be  looked  upon'  as  arteries.  On  the  outfide  of  theft#, 
between  the  wood  and  the  inner  bark,  are  larger  tubes, 
which  may  do  the  office  of  veins.  Now  the  root  hav-’ 
ing  imbibed  juice  from  the  earth,  this  is  put  into  mo- 
tion by  the  heat.  Hereby  it  is  rarified  and  caufed  ter 
afeend  in  the  form  of  a fleam  or  vapour  ; till  meeting 
the  mouths  «of  the  arterial  veflels*,  it  paffes  through' 
them  to  the  top,  and  to  the  extreme  parts'  of  the  tree* 
with  a force  anfwerablc  to  the  heat  whereby  it  is1 
moved.  When  it  arrives  there,  meeting  with  the  cold 
of  the  external  air,  it  condenfes  into  a liquor,  and  in* 
that  form  returns  by  it  own  weight  to  the  root  of  the" 
venal  veffels. 

12.  That  the  fap  does  circulate,  appears  farther' 
from  hence,  that  the  graft  will  either  corrupt  or  heal1 
the  flock.  Nay,  it  changes  the  very  way  of  the  grow-' 
ing  of  the  root,  which  it  could  not  do,  but  by  fending1 
down  its  fap  thither.  Crab-ftoeks  grafted  with  fruit/ 
which  the  foil  does  not  like,  will  canker,  not  only  in 
the  graft,  but  the  flock  alfo;  But  graft  them  again 
with  fruit  it  does  like,  and  it  will  quickly  heal.-  Far-" 
ther : graft  twenty  young  pear- flocks  with  one  fort  of 
pear,  and  twenty  with  another;  The  roots  -of  one  fort 
will  grow  all  alike,  and  fo  will  tftofe  of  the  other.  Yet* 
ever-greens  grafted  on  trees  which  drop  their  leaves,  as 1 * 
the  ever-green  oak  of  Virginia  upon  the  common  Eng-; 
IHh  oak,  hold  their  leaves  all  the  winter.  Does  not 
this  fhew*  that  the  juices  circulate  in  winter,  as  well  as ; 
fummer,  even  in  the  plants' which  drop  their  leaves  ? 
Other  wife  thole  grafted  on  them  mud  foon  die. 

It  feems  that  the  fap  does  not  rile  by  the  pith  : be- 
caufe  fome  large  trees  are  without  that  part,  and  yet' 
continue  to  put  forth  branches;  Indeed  no  pith  is- 
•found  in  thofe  branches  of  a tree,  which  exceed  two  or 
three  years  growth.  And  the  pith  which  is  in  a branch 
of  this  year,  isdiflributed  into  thole  boughs  which  are  * 
formed  the  next  feafon. 

Many  believe, , the  tree  does  not  receive  its  nourifh- 
ment  by  the  bark  ; becaufe  trees  that  have  loft  that  pa^t, 
continue  to  grow.  But  they  fuppofe  a tree  has  but 
one  bark  : whereas  every  branch  has  four  diftinft  co- 
verings. The  two  outermoft  of  thefe  may  be  taken1 
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from  a tree  without  much  damage.  But  if  the  two 
ethers  be  taken  off,  it  will  infallibly  kill  the  tree. 

Some  affirm,  that  the  fap  neither  rifes  nor  falls  in 
the  woody  part  of  the  tree,  became  when  a branch  is 
cut,  they  cannot  difcern  any  fap  iffiie  out  of  it.  Cer- 
tainly they  cannot;  becaufe  thofe  tubes  are  not  large 
enough,  to  receive  any  thing  more  grofs  than  vapour.  ' 

The  root  receives  chiefly  in  autumn  its  proper  juices, 
which  the:  warmth  in  fpring  raifes  into  a vapour,  that 
gradually  afcends  through  thofe  fine  tubes,  and  by 
that  means  caufes  vegetation. 

13.  Some  have  obje&ed  to  our  Lord’s  fpeaking  of 
corn  increafing  a hundred  fold,  that  this  is  impoflible. 

So  far  from  it,  that  a grain  of  barley,  has  been  known 
to  produce  two  hundred  and  forty-nine  (talks,  contain- 
ing above  eighteen  thoufand  grains. 

A (till  more  curious  experiment  was  made  with  tur- 
nip feed,  at  Sutton-Coldfield,  in  Warwickfhire.  In 
lefs  than  three  days  after  it  was  fown,  the  turnips 
were  above  ground.  In  three  weeks  the  roots  were 
as  frig  as  walnuts  : in  lefs  than  five  weeks,  as 
large  as  apples.  Auguft  12th,  one  of  them  weighed 
two  pounds  fourteen  ounces.  At  the  fame  time 
was  weighed  an  ounce  of  the  feed,  which  had  been 
fown,  and  it  Was  found  to  contain  fourteen  thoufand 
fix  hundred  Angle  grains.  * This  being  multiplied  by 
forty-fix  (the  ounces  that  the  turnip  weighed)  produces 
fix  hundred  and  feventy-one  thoufand  fixhundred,  viz> 
the  number  of  Angle  grains  required  to  equal  the 
weight  of  the  turnip.  Hence  it  follows,  that  (fuppofi 
ing  the  increafe  was  uniform)  the  grain  when  it  was  * * 
fown,  weighing  but  y^-goo-th  of  an  ounce,  increafed  in 
the  following  proportions : 

*»  - 4%  v.  • 

Infix  weeks  - 671600 

A week  - - - 111933 

A day  - - - 15990 

An  hour  - - 660 

A minute  - - - 1 1 

■»-  \ . i f 
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In  June  1766,  Mr.  Miller  Towed  Tome  grains  ofcoOT- 
jnon  red  wheat.  On  Auguft  8,  a plant. was  taken  up 
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and  divided  into  eighteen,  parts.  Each  of  thefe  was 
placed  feparately.  Thefe  plants  having  (hot  out  feve- 
ral  fide  (hoots,  by  the  middle  df  September,  they  were 
taken  up  and  divided  again.  Thisfecond  divifion  pro- 
duced fixty-feven  plants.  Thefe  remained  through  the 
winter.  Another  divifion  of  them  made  in  the  fpring, 
produced  5000  plants.  They  were  then  divided  no 
farther. 

The  whole  number  of  ears,  which  by  the  procefs 
were  produced  from  one  grain,  was  21109.  And 
from  a calculation  made,  by  counting  the  whole  num- 
ber of  grains  in  one  ounce,  might  be  about  576840. 

14.  Some  plants  are  male  and  fome  female.  Mr. 
Miller  feparated  the  male-plants  of  Spinach,  from  the 
female.  The  feed  fwelled  as  ufual,  but  did  not  grow 
when  he  fowed  it.  Yet  it  might  have  been  impreg- 
nated another  way,  as  appeared  from  another  experi- 
ment. He  fet  twelve  tulips  about  fix  yards  from  any 
other,  and  as  foon  as  they  flowered,  carefully  took 
out  the  (lamina.  Two  days  after  he  faw  bees  working 
on  other  tulips,  and  coming  out  loaded  with  the  duft. 
They  flew  into  the  firtt  tulips,  and  left  therein  duft 
enough  to  impregnate  them,  which  accordingly  bore 
good  feed.  Thus  we  fee  the  farina  may  be  carried  by 
infefls,  and  lodged  on  flowers,  which  it  is  fit  to  im- 
pregnate. 

Afterwards  he  bought  and  fowed  fome  favoy  feed, 
and  planted  out  the  plants,  but  was  furprifed  at  the 
production.  For  lie  had  fome  red  cabbage,  feme  white, 
fome  favoys  with  red  ribs,  and  fome  a mixture  of  all 
together  in  one  plant.  The  gardener  allured  him,  he 
had  carefully  faved  the  feed.  Being  afked,  where  he 
had  fet  the  plants  for  feed,  he  (hewed  him,  and  faid, 
he  planted  firft  a dozen  white  cabbages,  next  a dozen 
favoys,  and  then  a dozen  red  cabbages.  Is  it  not 
plain  that  here  the  effluvia  of  one  fort,  impregnated  the 
other  ? For  did  each  grain  of  the  farina  impregnate 
only  its  own  kind,  this  mongrel  fort  could  never  be 
produced. 

An  inftance  of  the  fame  kind  has  been  obferved  with 
regard  to  Indian  com  : this  is  of  leveral  colours,  as 
white,  red  and  yellow.  If  each  of  thefe  be  planted  by 
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themfelves,  they  produce  their  own  colour;  But 
you  plant  the  blue  corn  in  one  row,  and  the  white  or 
yellow  in  the  next,  they  will  interchange  colours; 
fome  of  the  ears  in  the  blue  corn-rows,  are  white  or 
yellow,  and  fome  in  the  white  or  yellow  rows,  are  blue. 
That  this  is  caufed  by  the  effluvia  of  one  impregnating 
the  other,,  is  manifeft  from  hence.  Place  a clofe,  high 
fence,  between  the  corn  of  different  colours,  and  there 
is  no  change  of  colour  in  any  of  them.  * 

The  holly  is  defcribed  by  all  naturalifls,  as  bearing 
hermaphrodite  flowers.  But  by  late  obfervations  it 
has  appeared,  that  fome  trees  bear  male,  fome  female 
flowers.  Yet  there  is  a vaft  variety.  In  Chellea-gar- 
den,  fome  hollies  bear  female,  fome  hermaphrodite  31 
flowers.  But  lome  trees  bear  only  male  flowers  ; fome 
only  female,  fome  only  hermaphrodite.  Others  bear 
both  male  and  female,  both  male  and  hermaphrodite, 
or  female  and  hermaphrodite.  And  others  bear  male* 
female,  and  hermaphrodite,,  all  at  the  fame  time. 

15.  That  the  leaves  of  certain  plants  affume  at  night 
a difpofition  different  from  that  of  the  day,  is  well 
known.  This  has  been  ufually  termed,  the  deep.  But 
to  what  is  this  owing  ? Not  to  the  variation  of  heat  or 
cold,  moifture  or  drynefs.  For  however  thele  are  va- 
ried, the  fame  thing  happens  with  equal  regularity.  It 
is  light  alone  that  occafions  this  change,  which  by  the 
fmallnefs  of  its  particles,  is  capable  of  entering  bodies* 
and  by  its  a&ivity,  of  producing  great  changes  in  them. 
It  changes  the  pofition  of  the  leaves  of  plants,  by  a mo- 
tion it  excites  among  the  fibres.  The  natural  pofition 
of  the  lobes  in  thefe  leaves  is  drooping.  This  is  their 
pofture  of  repofe.  But  vegetation  is  very  imperfectly 
performed,  while  they  remain  in  it.  It  is  light  which 
alters  that  pofition,  by  its  quick,  vibrations. 

In  the  evening,  Auguft7,  (in  order  to  make  a full 
experiment)  Dr.  Hill  placed  a plant  of  Abrus,  in  a 
room  where  it  had  moderate  day-light,  without  the  fun 
fhining  upon  it.  The  lobes  of  the  leaves  were  then  fal- 
len perpendicularly  from  the  middle  rib,  and  clofed 
together  by  their  under  fides.  Thus  they  continued 
all  night..  Half  an  hour  after  day-break,  they  began 
to  feparate,  and  a^quarter  of  an  hour  after  fun-rife, 
were  perfectly  expanded.  Long  before  fun-fet  they  be- 
gan 
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gan  to  droop  again,  and  toward  evening  were  clofed 
as  at  fir  ft. 

Next  day  the  plant  was  fet,  where  there  was  lefs, 
light.  The  lobes  were  raifed  in  the  morning,  but  not 
fo  much.  And  they  drooped  earlier  at  evening. 

The  third  day  it  was  fet  in  a fouth  window,  open  to 
the  full  fun.  Early  in  the  morning  the  leaves  had  at- 
tained their  horizontal  fituation : by  nine  o’clock  they 
were  raifed  above  it,  and  continued  fo  till  evening. 
Then  they  fell  to  the  horizontal  fituation,  and  thence 
gradually  to  the  ufual  ftate  of  reft. 

The  fourth  day  the  plant  flood  in  the  fame  place, 
but  the  fun  did  not  appear.  The  lobes  early  attained 
their  horizontal  fituation,  but  did  not  rife  beyond  it, 
and  in  the  evening  clofed  as  ufual.* 

Thefe  experiments  prove,  that  the  whole  change  is 
occasioned  by  light  only.  To  put*  this  beyond  dif- 
pute,  in  the  evening  of  the  fixth  day,  the  plant  was  fet 
'in  a book-cafe,  on  which  the  morning 'fun  fhone*  the 
doors  ftanding  open.  The  next  day  was  bright.  The 
lobes  which  had  clofed  in  the  evening,  began  to  open 
early  in  the  morning,  and  by  nine  o’clock  they  were 
raifedin  die  ufual  manner.  I then  (hut  the  doors  of 
the  foook-cafe ^ on  opening  them  an  hour  after,/ the 
lobes  were  all  clofed  as  at  midnight.  On  opening  the 
doors,  they  opened  again,  and  in  twenty  minutes  they 
were  fully  expanded.  This  has  fince  been  many  times 
repeated,  and  always  with  the  fame  fuccefs.  We  can 
therefore,  by  admitting  or  excluding  the  light,  make 
the  plant  put  on  all  its  changes.  Hence  we  are  cer- 
tain, that  what  is  called  the  fleep  of  plants,  is  caufed 
by  the  abfence  of  light  alone,  and  that  their  various 
intermediate  ftates  are  owing  to  its  different  degrees. 

It  has  been  fuppofed  that  the  daily  motions  of  the 
fenfitive  plant,  were  likewife  owing  to  light  and  dark- 
nefs ; becaufe  it  expands  itfelf  in  the  morning,  and 
clofes  again  in  the  evening.  From  the  main  branches 
of  this  plant  fpring  feveralfmaller  ones,  and  from  thefe  . 
others  Hill  lefs,  which  fupport  the  leaves  ranged  on 
each  fide,  in  pairs  over  againft  one  another.  Several 
other  plants  are  of  the  fame  form,  and  all  thefe  clofe 
their  leaves  in  the  evening,  and  open  them  in  the 
morning,  which  therefore  is  not  Peculiar  to  the  fen- 
fitive 
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fitive  plant.  But  this  clofes  them  at  any  time  of 
the  day,  if  touched,  and  foon  after  opens  them  again. 
You  can  fcarce  touch  the  leaf  of  a vigorous  fenfitive 
plant  fo  lightly,  as  not  to  make  it  clofe.  The  larg$ 
rib  which  runs  along  its  middle,  is  as  an  hinge  on 
which  the  two  halves  of  the  leaf  move,  when  they  turn 
upon  being  touched,  till  they  (land  ereCt,  and  by  that 
means  meet  one  another.  The  flighted  touch  gives 
this  motion  to  one  leaf ; if  a little  harder,  it  gives  the 
fame  motion  to  the  leaf  oppofite.  If  the  touch  be  ftill 
rougher,  the  whole  arrangement  of  leaves  on  the  fame 
rib  clofe  in  the  fame  manner.  If  it  J*e  ftronger  ftill, 
the  rib  itfelf  moves  upward  toward  the  branch  on 
which  it  grows.  And  if  the  touch  be  yet  more  rough, 
the  very  branches  fhrink  up  toward  the  main  idem. 
The  motion  which  has  the  greateft  effeCt  of  all  others 
upon  it,  is  the  (baking  one.  Winds  and  heavy  rain 
alfo  caufe  this  plant  to  clofe  its  leaves  ; but  not  gentle 
(bowers  s the  contraction  being  caufed  by  the  agi- 
tation of  the  wind,  and  the  ftrokes  given  by  the 
, large  drops.  N . , 

The  natural  (butting  and  opening  of  its  leaves  at 
night  and  morning,  are  not  fo  fixed,  as  not  to  be  va- 
riable by  many  circumftances.  In  Auguft,  a fenfitive 
plant  was  carried  in  a pot  into  a dark  cave.  The 
lhaking  in  the  carriage  fhut  up  its  leaves,  fo  that  they 
did  not  open  for  four  and  twenty  hours.  And  when 
they  did  open,  they  clofed  no  more  for  three  days  and 
nights.  Being  then  brought  again  into  the  open  air, 
they  recovered  their  natural  motions,  (butting  at 
night  and  opening  in  the  morning,  as  regularly  as 
* ever.  While  in  the  cave,  it  was  as  much  affeCted  by 

the  touch,  as  in  the  open  air. 

By  this  and  many  experiments  it  appears,  that  it  is 
not  the  light  that  opens  thefe  plants,  nor  the  darknefs 
which  (huts  them.  Neither  is  it  owing  to  the  increafe 
of  heat  or  cold.  Indeed,  great  heat  will  affeCt  them 
a little,  but  not  in  any  confiderable  degree.  Concern- 
ing the  real  caufe,  we  may  form  many  conjectures : 
but  nothing  certain  can  be  known. 

Nearly  related  to  the  deep  of  plants,  is  that  which 
Linnaeus  calls  the  awaking' of  flowers.  The  flowers 
of  moft  plants,  after  they  are  once  opened,  continue  fo 
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pight  and  day,  until  they  drop  off,  or  die  away, 
^Others,  which  fhut  in  the  night-time,  :open  in  the 
morning  foon^r  or  later,  according  to  their  fituation  in 
the  fan.  or  (hade,  or  as  they  are  influenced  by  the  ma- 
nifeft  changes  of  the  atmofphere.  There  is  another 
claft  of  flowers,  which  make  the  fubje£t  of  thefe  obfer- 
vationsj  which  obferve  a more  uniform  law  in  this 
particular. 

3/hefe  open  andftiut  confiantly  at  certain  hours,  ex- 
clufive  of  any  manifeft  changes  in  the  atmofphere  j 
and  this  with  fo  little  variation  in  point  of  time,  as  to 
render  die  phdlomenon  worth  obfervation.  Linnaeus^ 
obfervation  extends  to  near  fifty  fpecies  which  are  fub- 
je<9:  to  this  law.  We  will  enumerate  fome  of  thefe,  and 
mention  the  time  when  the  flowers  open  and  (hut.  The 
little  blue  convolvulus,  or  bindweed,  opens  its  .flowers 
between  five  and  fix  in  the  morning,  and  (huts  them  in 
the  afternoon.  The  flowers  of  the  day-lilly  open  about 
five  in  the  morning,  and  (hut  at  feven  or  eight  in  the 
evening.  The  letter  water-plantain,  during  its  flower- 
ing-time, only  opens  its  flowers  each  day  about  noon. 
The  flowers  of  the  proliferous  pink,  expand  about 
eight  in  the  morning,  and  clofe  again  about  one  in 
the  afternoon.  Purple  fpurrey,  expands  between  nipe 
and  ten  in  the  morning,  and  clofes  between  two  and 
three  in  the  afternoon.  This  little  plant  is  common 
among  the  corn  in  fandy  foilsand  flowers,  in  June.  Com- 
mon purflain  opens  its  flowers  about  nine  or  ten  in  the 
morning,  and  clofes  them  again  in  about  an  hour’s 
-time.  The  white  water-lilly  grows  in  rivers,  ponds 
and  ditches,  and  the  flowers  lie  upon  the  furface  of 
the  water.  At  their  time  of  expanfion,  which  is  about 
feven  ip-  the  morning,  the  (talk  is  erected,  and  the 
flower  more  elevated  above  the  furface.  In  this  fitu- 
ation it  continues  till  about  four  in  the  afternoon,  when 
the  flower  finks  to  the  furface  of  the  water,  and  clofes 
again.  Yellow  goatVbeard,  or  go-to*bed-at-noon  (the 
latter  of  thefe  names  was  given  to  this  plant  long  fince, 
on  account  of  this  remarkable  property)  opens  its 
flowers  in  general  about  three  or  four  o’clock,  an# 
clofes  again  about  nine  or  ten  in  the  morning.  Thefe 
flowers  will  perform  their  vigilbe,  if  fet  in  a phial  of 
water,  within  doors,  for  feveral  mornings  faecefllvely. 
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Sometimes  they  are  quite  clofed,  from  their  utmdft 
(late  of  expanfion,  in  lefs  than  a quarter  of  an  hour. 

16.  From  what  has  been  faid  it  plainly  appears, 
that  there  is  a confiderable  agreement  between  plants 
and  animals,  as  well  with  regard  to  their  nutrition, 
as  to  the  ftrinftiire  of  their  parts.  Some  extend  this 
farther,  and  think  there  is  fomething  in  plants  an- 
swerable to  refpiration  in  animals.  They  fuppofe  the 
fpiral  fibres  to  be  in  the  place  of  lungs,  and  to  ferve 
this  very  purpofes  that  in  each  of  thefe  there  is  a 
fpiral  lamina,  which  is  extended  or  .contra&ed,  as  it 
is  impelled  this  way  or  that,  by  the  elaftic  air  it  in- 
cludes : that  thefe  fibres  afcending  ftrait  through  the 
trunk,  are  difperfed  through  all  the  branches,  and 
thence  into  the  leaves,  where  they  are  woven  toge- 
ther in  a kind  of  net-work.  By  this  means  the 
more  fu'btle  parts  of  the  air  are  drained  through  thofe 
fpiral  fibres,  to  keep  the  juices  of  the  plant  fluid, 
and  perhaps  to  fupply  them  with  nitre  or  aether,  to 
affift  their  fermentation. 

The  air -enters  vegetables  various  ways,  by  the 
trunk,  leaves,  roots  and  branches.  For  the  recep- 
tion as  well  as  expulfion  of  it,  the  pores  are  very 
large  in  fome  plants.  So  one  fort  of  walking  canes 
leem  full  of  large  pin-holes,  refembling  the  pores  of 
the  flcin  in  the  ends  of  our  fingers.  In  the  leaves  of 
the  pine,  if  viewed  through  a glafs,  they  make  an 
elegant  (how,  (landing  as  it  were,  in  rank  and  file, 
throughout  the  length  of  the  leaves. 

Air  veffels  are  found  in  the  leaves  of  all  plants,  and 
in  many  are  vifible  to  the  naked  eye.  For  on  break- 
ing the  chief  fibres  of  the  leaf,  the  likenefs  of  a fine 
woolly  fubftance,  or  rather  of  curious,  fmall  cobwebs, 
may  be  feen  to  hang  at  both  the  broken  ends.  Now 
thefe  are  the  fibres  of  the  air  veffels,  loofed  from  their 
fpiral  pofition,  and  drawn  out  in  length. 

The  pores  rin  the  leaves  of  plants  are  almoft  innu- 
merable. Mr.  Lewenhoek  found  above  a hundred  and 
feventy-two  thoufand,  on  one  fide  of  a leaf  of  box. 
The  leaves  of  rue  are  as  full  of  holes  as  a honey- 
comb. Thofe  of  St.  John’s  wort  likewife  appear  full 
of  pin-holes  t©  the  naked  eye.  But  the  places  where 
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' thofe  holes  feem  to  be,  are  really  covered  with  a thin 
and  white  membrane.  Through  a microicope^the 
backfide  of  the  herb  Mercury,  looks  as  if  rough  with 
filver ; and  all  the  ribs  are  full  of  white,  round,  trans- 
parent balls,  fattened  by  flender  flalks,  like  fo  many 
grapes.  A fage-leaf  appears  like  a rug  or  fhag,  full 
of  tufts  of  filver  thrumbs,  and  embellifhed  with  round 
cryftal  beads,  faftened  by  tender  foot-ftalks.  The 
prickles  of  a nettle  are  formed  for  ailing  juft  as  the 
fling  of  animals.  Every  one  of  them  is  hollow,  and 
terminates  in  a fine  point,  -with  an  opening  near  its 
end.  At  the  bottom  of  each  prickle  lies  a pellucid 
bag,’  containing  a clear  liquor,  which  upon  the  leaft 
touching  the  prickle,  is  ejected  at  the  little  outlet,  and 
jf  it  enters  the  (kin,  caufes  pain  and  inflammation  by 
the  pungency  of  its  Salts.- 

The  leaves  of  plants  are  of  great  confequence  to 
their  life.  At  thefe  the  air  paffes  in,  and  goes  through 
the  whole  plant,  and  out  again  at  the  roots.  If  the 
leaves  have  no  air,  the  plant  will  die,  as  is  eaflly 
proved  by  the  air-pump  : whereas  if  the  leaves  be  left 
. on  the  outfide  of  the  receiver  (parted  by  a hole  ce- 
mented by  wax)  while  thefe  have  air,  the  plant  will 
thrive  and  grow,  though,  its  roots  and  flalks  are  kept 
in  vacuo.  The  leaves  likewife  chiefly  perform  the  ne- 
’ ceflary  work,  (but  who  can  explain  the  manner!)  of 
altering  the  water  received  at  the  root,  into  the  nature 
r of  the  juices  of  the  plant.  And  hence  it  is,  that  the 
life  of  plants  depends  fo  immediately  upon  their  leaves. 
The  hufbandman  often  Suffers  for  want  of  this  know- 
; ledge.  A crop  of  faint-foin  is  valuable  ; and  its  roots 
being  perennial,  will  yield  an  increafe  for  many  years. 
Tut  it  is  often  deftroyed  at  fir  ft,  by  Suffering  it  to  be 
fed  upon  by  fheep.  For  if  they  eat  up  all  the  leaves, 
the  root  cannot  be  Supplied  with  air,  and  fo  the  whole 
• periflies.  Leaves  being  fo  neceffary  to  all  perennial 
plants,  a reverfionary  flock  of  them  is  provided.  The 
. leaves  of  thefe  plants  are  always  formed  in  Autumn, 
though  not  unfolded  till  the  following  fpring.  They 
then  open  and  increafe  in  proportion  to  the  motion  of 
the  fap,  and  the  quantity  of  nouriftiment  the  plant  re- 
ceives. Thefe  leaves  alfo,  though  not  yet  appearing 
out  of  the  bud,  may  Suffice  for  the  extremely  Small 

motion. 
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motion,  which  the  fap  of  thofe  perennial  plants,  that 
drop  their  leaves,  has  in  winter. 

But  befrdes  thefe  autumnal  leaves,  there  is  aViother 
fet  formed  in  fprtng  and  expanding  till  mid-fumtner. 
Thefe  are  of  infinite  fervice  to  many  fort  of  trees,  par- 
ticularly t <y  the  mulberry,  as  they  fave  its  life,  when 
the  frrft  fet  of  leaves  have  been  all  eaten  by  the  filk- 
worms. 

The  analogy  between  the  parts  of  plants  and  thole 
of  animals  may  now  more  fully  appear.  The  parts  of 
plants  are,  1.  The  root,  comported  of  abforbent  vef- 
fels,  analogous  to  the  laCteals  in  animals  :•  indeed  per-  • 
forming  the  office  of  all  thofe  parts  of  the.  abdomen, 
that  minider  to  nutrition  : 2.  The  wood  compofed  of ; 
capillary  tubes  running  parallel  from  the  roots,  al- 
though the  apertures  of  them  are  commonly  too  mi- 
nute to  be  Seen.  Through  thefe,  which  are  analo- 
gous to  arteries,  the  fap  afcends  from  the  root  to  the 
top : 3.  Thofe  larger  velfels,  which  are  analogous  to* 
veins.  Through  thefe  it  defcends  from  the  top  to  the 
root.  4‘.  The  bark*  which  communicates  with  the 
pith  by  little  firings,  paffing  between  the  arteries.  5 . 
The  pith,  confiding  of  transparent  globules,  like  the  : 
bubbles  that  compofe  froth. 

The  fap  enters  the  plant  in  the  form  of  pure  water, 
arid  the  neater  the  root,  the  more  it  retains  of  that 
nature.  The  farther  it  goes,  the  more  it  partakes  of 
the  nature  of  the  plant.  In  the  trunk  and  branches  it 
remains  acid.  In  the  buds  it  is  more  concoCted.  It 
is  farther  prepared  in  the  leaves,  (as  blood  in  the 
lungs)  which  being  expofed  to  the  alternate  aCtion  of 
heat  by  day,  and  cold  by  night,  are  alternately  di- 
lated and  contracted. 

Is  not  then  the  'motion  of  the  fap  in  plants,  (like 
that  of  the  blood  in  animals)  produced  chiefly  by  the 
aCtion  of  the  air  ? All  plants  have  the  two  orders  of 
veflels.  1.  Thofe  which  convey  the  nutritious  juices. 
2.  Air-veflels,  hollow  tubes,  within"  which  all  the 
other  veflels  are  contained.  Now  the  lead  heat  rare- 
fies the  air  in  thefe  air-veflels,  thereby  dilating  them, 
and  fo  caufing  a perpetual  fpring*  which  promotes  the 
circulation  of  the  juices.  For  by  the  expanfion  of  the 
air- veflels,  the  fap-veflels  are  preffed,  and  the  fap  con- 
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tinually  propelled.  By  the  fame  propnlfion  it  is  com- 
minuted more  and  more,  and  fo  fitted  to  enter  finer 
and  finer  veffels : while  the  thicker  part  is  depofited 
in  the  lateral  cells  of  the  bark,  to  defend  the  plant 
from  cold,  and  other  injuries. 

Thus  is  every  plant  aCted  on  by  heat  in  the  day- 
time, efpecialiy  in  fummer : the  fap  protruded,  then 
evacuated,  and  then  exhaufted.  In  the  night  the  air- 
veffels  being  contracted  by  the  cold,  the  fap-veflels  are 
relaxed,  and  difpofed  to  receive  frefh  food  for  the 
next  day’s  digeftion.  And  thus  plants  do,  as  it  were, 
eat  and  drink,  during  the  night-feafon— 

The  veflels  themlelves  confxft  of  mere  earth,  ce- 
mented by  oil  and  water : which  being  exhaufted  by 
fire,  air,  or  age,  the  plant  returns  to  its  earth.  Thus 
in  plants,  burnt  by  the  fierceft  fire,  the  matter  of 
the  veflels  is  left  entire ; which  confequently  is  neither 
water,  air,  fait,  nor  fulphur,  but  earth  alone.  The 
fap  eonfifts  of  fome  faline  parts  : others  derived  from 
stir,  rain  and  putrified  plants  or  animals.  Confequently 
in  plants  are  contained,  falts,  oils,  water,  earth : and 
probably  all  metals  too.  In  fa&,  the  aftes  of  all  ve- 
getables yield  fome  thing,  which  the  loadftone  attracts. 

There^is  a confiderable  difference  as  to  the  time 
when  different  plants  revive  after  the  winter.  No 
fooner  does  the  fun  begin  to  warm  the  earth,  than  the 
vernal  flowers  appear,  and  the  trees,  one  after  another, 
open  their  buds,  and  clothe  themfelves  with  leaves.  But 
why  do  many  wood-plants,  as  coltsfoot,  pile-wort, 
violets  ; and  many  garden-plants,  as  fnow-drops,  af- 
fara-bacca,  crocus,  flower  in  the  very  beginning  of 
fpring,  when  we  cannot  by  any  pains  or  care,  bring 
them  to  flower  after  the  fummer  folftice  ? Nay,  thefe 
very  plants,  which  are  fo  patient  of  cold'  in  fpring,  are 
in  the  autumn  fo  very  weak  and  tender,  that  they  die 
on  thefirft  touch  .of  froft.  Why  on  the  contrary,  do 
thirties  and  many  otl^er  plants,  never  flower  before  the 
fummer  folftice? 

In  the  feme  manner  trees  obferve  fixed  laws,  and  a 
certain  order  in  their  leafing.  Does  the  caufe  lie  in 
the  different  depth  of  their  roots  i If  fo,  fhrubs  would 
have  leaves  before  trees  of  the  fame  kind.  But  they 
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ta'Ve  not.  We  can  only  fay,  the  faft  we  know but 
the  reafon  of  it  we  know  not. 

The  order  of  the  leafing  of  feveral  trees  and  ftirubs, 
©bferved  in  Norfolk,  in  1755,  was  as  follows. 


1.  Honey fuckle, 

Goofeberry,  currant,  elder, 

3.  Birch,  weeping-willow,  — . 

4.  Rafberry,  bramble,  — * 

5.  Briar, - 

6.  Plumb,  apricot,  peach,  — 

7.  Filbert,  fallow,  alder,  — ' 

8.  Sycamore,  — — 

9.  Elm,  quince,  — — 

JO.  Marfh-elder,  — — 

H.  Wych-elm,  — • -i— 

12.  Hom-beam,  — — • . 

13.  Apple-tree,  — - — 

14.  Abel,  chefnut,  — 

15.  Willow,'  — * — 

16.  Oak,  lime,  — - — 

17.  Maple,  — — r 

I. 8.  Walnut,  plane,  bFack  poplar,  beech, 
19.  Afli,  Carolina  poplar,  — 


January  15. 
March  11. 
April  1. 
— 3. 


4v 

6. 

7. 

9. 

10; 

11. 

12. 

1 3. 

14. ' 
16.' 

17. 

18. 
19. 
21." 
22.'- 


Indeed  the  leafing  of  feveral  of  thefe  varies  much, 
as  the  fpring  is  earlier  or  later.  But  others  of  them,  be 
the  winter  ever  fo  mild,  do  not  put  out  before  their- 
time.  This  alfo  depends  on  fome  fecret  properties, 
which  man  is  not  able  to  explain. 

17.  As  to  the  generation  of  plants,  firft  the  tree 
produces  buds,  which  afterwards  expand  into  leaves, 
flowers,  or  branches.  In  the  buds,  entire  plants  are 
contained.  A-  fmall  (talk,  confiding  of  woody  and 
fpiral  fibres,  fpring s out  of  the  middle  of  the  plant, 
wherein  the  bud  inheres.  It  is  involved  in  a thin 
bark,  which  may  be  divided  into  various  leaves,  lying 
one  upon  another  like  fcales.  / 

18.  Buds  are  followed  by  leaves  and  flowers.  In 
flowers  we  may  confider,  1 . The  calix  or  outer  cup,  de- 

flgned  to  be  a fecurity- to  the  other  parts  of  the  flower. 

° • Thofe 
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Thofe  whofe  leaves  are  firm  and  ftrong,  as  tulips, 
have  no  calix  at  all.  Carnations,  whofe  leaves  are 
ftrong  but  (lender,  have  a calyx  of  one  piece.  Others 
have  it  confifting  of  feveral  pieces,  and  in  divers 
« rounds.  2.  The  foliation  or  petala,  the  flower-leaves, 
which  are  properly  the  flower  itfelf.  In  thefe,  not 
only  the  admirable  beauty,  and  luxuriant  colours  are 
obfervable : but  alfo  their  curious  folding  in  the  ca- 
lix, before  they  are  expanded. 

It  is  remarkable,  that  many,  if  not  moft  vegeta- 
bles, efpecialiy  thofe  of  a tender  kind*  expand  their 
flowers,  or  down,  every  day,  if  it  be  warm,  funfhiny 
weather.  But  they  clofe  them  as  the  evening  ap- 
proaches : and  fome,  at  the  approach  of  rain.  This  is 
particularly  done  at  the  beginning  of  flowering,  while 
the  feed  is  young  and  tender : as  is  eafily  feen  in  the 
down  of  dandelion,  and  eminently  in  the  flower  of 
pimpernel.  Thefe  ferve  as  a weatherglafs  to  the 
countryman:  by  the  opening  or  (hutting  of  thefe,  he 
can  tell  without  any  danger  of  being  deceived,  whe- 
ther the  weather  will  \ye  foul  the  next  day. 

The  flower  is  as  it  were  the  womb,  which  contains  * 
the  eggs  or  feeds  of  plants,  and  in  due  time  brings 
them  forth.  It  is  near  the  bud,  and  lies  hid  with  it 
during  the  winter,  till  it  is  brought  out  by  the  heat  of 
the  fummer.  The  moft  Ample  plants  bear  a bud, 
which  contains  a feed  of  an  oval  figure.  We  may 
eafily  diftinguifh  from  the  flower  itfelf,  the  leaves  of 
the  covering  which  involves  the  bud.  From  thefe  arife 
the  leaves  of  the  flower,  ferving  for  the  laft  concodtion 
of  the  fap  ; in  which  are  both  woody  and  fpiral  fibres 
with  various  rows  of  utricles.  In  the  middle  of  flowers 
filaments  and  little  pillars  arife,  whofe  extremities  are 


covered  with  a kind  of  duft.  Thefe  pillars  are  hol- 
low, and  have  veficles  full  of  liquor,  and  the  rudi- 
ments of  feeds,  which  gradually  grow  and  harden. 

That  duft  is  of  two  kinds,  male  and  female.  The 
male  duft  is  formed  in  the  top  of  the  filaments,  where, 
when  it  is  ripe,  it  burfts  its  cafe,  and  is  fplit  on  the 
heads  of  the  pillars,  and  thence  conveyed  to  the  utricle 
or  matrix v thereof,  to  impregnate  the  female  duft 
contained  therein. 

/ N This ' 
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This  duft  in  any  one  plant  being  viewed*  with  a mi-* 
erofcope,  every  particle  is  of  the  fame  fize  and  figure^ 
But  in  different  plants,  the  colour,  fize,  and  figure  are 
widely  different.  In  fome  it  is  clear  and  tranfparent, 
as  cryftal:  in  others  white  andopake:;  in  fome  blue,v 
purple  or  red,  and  in  others,,  flefh-coloured.  And  its 
colour  varies  in  the  {k&e  fpecies,  fuppofe  tulips,  ac- 
cording to  the  colour  of  the  flower. 

The  mod  general  figure  is  the  oval,  more  or  lefs 
fliarp  at  the  ends,  with  one  or  more  furrows  running  ' 
lengthways.  But  the  feeds  of  melilot  are  cylinders, 
thofe  of  the  panfy  are  prifms,  with  four  irregular 
fides.  Others  reprefent  two  cryftal  globules  fattened 
together.  Thofe  of  the  jonquille  are  in  the  form  of  a 
kidney.  But  indeed  the  varieties  are  not  poffible  to  be- 
numbered.  The  office  of  the  bloffom  is  partly  to  pro- 
tetf,  partly  to  draw  nourifliment  to  the  embryo,  fruit 
or  feed.  The  gourd,  pumkin,  melon,,  cucumber,  and 
mod  bearing  trees,  have  both  male  and  female  blof- 
lbms  on  the  fame  plant.  Male  bloffom s,  (ufiially  called 
cat-fkins)  may  be  diftingmfhedfrom  female,  by  having 
no  piftil  or  rudiment  of  fruit  about  them;,  but  only  a 
large  thrum,  covered  with  duft  in  their  middle.  The 
female  blolfoms  have  always  a piftil  within  the  floWer-' 
leaves  ; and  the  rudiments  of  the  fruit  are  always  ap- 
parent at  the  bottom  of  the  flower,,  before  it  opens. 

But  there  is  a*  fpecies  of  willow,  which  appears  to* 
change  its  fex  every  year.  One  year  it  produces  mal^ 
bloffoms*  and  female  bloffoms  the  next* 

19i  The  feed,,  whenrit  is  ripe,  is  enclofed  in  a pecu-- 
liar  covering.  In.  fome  plants  it  fo  increafes,  as  to 
become  a fruit.  And  in  thefe  alfo  we  find  fibres  and 
utricles  difperfed  with  endlefs  variety. 

Various'  are  the  methods  which  the  wifdom  of  God 
takes  for  fowing  feeds  of  various  kinds*  Thofe  of  ; 
arum  and  poppy  are  heavy  eno&gh  to  fall  directly  to* 
the  ground.  , Others  that  are  light,  have  hooks  t Or 
flop  them*  from  ftraying  too  far  from  their  proper > 
place.  So  have  agrimony  and  goofe-grafs*  the  one  f 
wanting  a warm  bank,  the  other  a hedge,  for  its  fup-  / 
port- 

Oil  the  other  hand  many  feeds  have  wingsr-thatt 
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the  Wind  may  carry  them  off  the  plant,  and  may 
fcaftter  them  afunder,  that  they  may  not  fall  together, 
and  come  up  too  thick.  The  kernels  of  pines  have 
very  ftiort  wings,  juft  enabling  them  to  flutter  on  the 
ground.  But  fome  feeds  have  many  long  feathers,  by 
which  they  are  wafted  about  every  where. 

Others  are  lodged  in  elaftic  cafes,  which  dart  out 
the  feed  to  the  convenient  djftances  Thus  wood- 
forrel  having  a running  root,  needs  to  have  its  feed 
fown  drftant  from  each  other.  And  this  is  done  by 
means  of  a tendinous  cover,  which  when  it  begins  to 
dry,  burfts  open  an  one  fide  irran  inftant,  and  is  vio- 
lently turned  infide  out.  The  feed  of  harts- tongue  is 
difperled  in  a different  manner.  It  has  a fpring  wound 
round  its  cafe.  When  it  is  ripe,  this  fuddenly  breaks 
the  cafe  in  twcThalves,  and  fo  throws  out  the  feed. 
Equally  remarkable  is, the  way  wherein  fern-feed  is 
fcattered.  It  a quantity  of  this  be  laid  on  a paper,  the 
feminal  vefieles  burft,  and  are  feen  by  a inicrofcope 
projecting  the  feeds  to  a conliderable  diftanee. 

T lie  feeds  of  the  feveral  fpecies  of  fern  were  wholly 
unknown  to  the  ancients.  But  it  is  now  well  known,  • 
that  in  the  female  fern,  the  whole  furface  of  the  leaf 
on  the  underfide  is  covered  within  congeries  of  feeds, 
fo  that  they  guard  one  another,  and  need  no  other  co- 
vering. And  in-  the  common  male  fern,  there  are 
found  at  the  proper  feafon,  feveral  brown  fpots,  placed 
in- a very  regular  manner.  Thefe  are  a fungous  mat- 
ter, round  which  the  fmail  feed  veffelsare  inserted. 

The  fruitfulnefs  of  plants,  in  producing  feeds,  tran- 
scends all  imagination.  An  elm  living  a hundred  • 
years,  ordinarily  produces  thirty-three  millions  of 
feeds*  Addrthat  if  its  head  be  cut  off,  it  puts  forth 
as  many  branches  within  half  an  inch  of  the  place 
where  it  was  cut  as  it  had  before.  And  to  whatever 
height  it  is  cut  off*  the  effeft  wiH  be  the  fame.  Hence 
itappeatsy  that  the  whole  trunk,  from  the  ground  to 
the  rife  of  the  branches,  is  full  of  embryo  branches', 
each  of  Which  will  actually  fpring  forth,  if  the  head 
be  lopped  off  juft  over  it.  Now  if  thefe  had  fpruag  ‘ 
out,  they  would  have  borne  an1  equal  number  of  feeds 

with; 


( 107  ) 

with  thofe  that  did.'  Thefe  feeds  therefore  are  already 
contained  in  them  : and  if  fo,  the  tree  really  contain 
1584-0000000  feeds,  wherewith  to  multiply  itfelf  a 5 
many  times.  But  what  fhall  wr  fay,  if  each  feed  coni 
tains  another  tree,  containing  the  fame  number  of 
feeds?  And  if  we  can  never  come,  either  at  a feed 
which  does  not  contain  trees,  or  a tree  which  does  not 
contain  feed? 

Timber  trees  of  any  kind  might  certainly  be  planted 
to  more  advantage  than  they  generally  are.  There  is 
a foreft  two  miles  from  St.  Leo  in  Normandy,  planted^ 
chiefly  with  oaks,  many  of  which  are  but  of  a mode- 
rate height,  though  of  a large  circumference.  But; 
near  its  entrance  from  St  Leo.,  there  is  a plantation, 
about  twenty-five  years  old,  wherein  none  of  the  oaks 
are  under  fie  verity,  and  fornc  a hundred  feet  high. 
They  are  let  fio  c-lofie,  that  they  almoft  fieem  to  touch- 
one  another,  and  are  no  more  than  four  or  five  inches 
in  diameter.  This  timber  is  of  great  ufe,  both  for 
making  charcoal,  and  many  other  purpofes ; and  the  ' 
owners  may  reap  four  crops  of  them  in  a hundred  ', 
years. 

- This  foreft  belongs  to  the  king  of  France,  who  or- ' 
dered  the  plantation  to  be  made  by  way  of  trial;  and 
his  mini  Iters  have  cattfod  feveral  of  the  trees,  a hun- 
dred feet  high  to  be  tranfplanted,  to  leave  (landing" 
proofs  of  the  wonderful  effe<fls  of  the  experiment. 

As  to  fo  wing,  the  perfection  of  agriculture  confifts  ' 
inferring  plants  at  due  dillances,  and  giving  a fuffi- 
cient  depth  to  the  roots,  that  they  may  fpread  and  re- 
ceive due  nourilhment.  Yet  this  is  little  regarded,  but 
all  forts  of  grain  are  fown  by  handfuls  caft  at  ran-* 
dom.  By  this  means  four  parts  in  five  of  the  feed  is 
utterly  loft.  To  remedy  this,  a Spanifti  gentlemans 
'contrived  an  engine  (deferibed  in  the  Philofophical 
Tranfaflions,  under  the  name  of  the  Spanilh  Sembra- 
dor)  which  being  fattened  to  the  plow,  the  whole  bu- 
finefs  of  plowing,  fowing,  and  harrowing,  is  performed 
at  once ; and  ttee  grain  is  fpread  at  equal  diftances,  and 
equally  deep  >in  the  furrow.  An  experiment  being 
made,  land  which  uAlaliy  produced  five  fold,  by*  this 
_ ^ ^ - means . 
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m'ean%produced  fixty-fold.  One  ftalk  is  all  that  Iprings 
immediately  from  one  grain  : but  on  the  fides  of  this, 
near,  if  not  within  the  ground,  iifue  feveral  lateral  (talks. 
And  fome  of  thefe  fend  forth  roots,  whence  one  or  fe- 
veral other  (talks  fpring,  if  they  are  early  formed,  the 
foil  good,  and  the  weather  favourable.  By  this  means 
one  grain  of  wheat  planted  in  a garden  has  produced 
ninety,  yea  a hundred  ears.  Jf  then  each  ear,  taking 
one  with  another,  contains  fifty  grains,  a (ingle  grain 
may  produce  five  thoufand.  Nay,  a gentleman  in 
Yorkfhire,  who  made  the  expei'iment  in  his  garden 
fome  years  ago,  counted  upwards  of  eight  thoufand 
grains,  which  fprung  from  a (ingle  one. 

After  all  that  has  been  faid  and  wrote  for  fo  many 
centuries,  on  the  generation  or  propagation  of  plants 
and  animals,  a late  author  (to  whom  the  French  natu- 
ralifts  in  general  fubferibe)  totally  denies  the  whole, 
and  cenfures  all  who  pretend  to  difeover  any  animal- 
cula  in  the  i'emen  of  animals.  He  will  by  no  means 
allow,  that  * every  animal  or  plant,  proceeds  from  an 
egg  lodged  in"  the  parent  plant  or  animal.  On  the  con- 
trary, he  fuppofes,  “ there  are  in  matter  certain  orga- 
nieal  parts,  difpoied  for  the  formation  of  animal  and  ve- 
getable fubftances,  which  by  coalition  conftitute  the 
firft  (lamina  of  all  animal  and  vegetable  bodies.  Thefe 
are  fimple,  uniform,  common  to  all,  and  confequently 
to  be.  found  more  or  lefs  in  every  portion  of  the  nutri- 
tive juice.  From  thence  they  are  digefted,  and  when 
the  fubjeft  becomes  adult,  fecreted  for  the  formation 
of  the  feed  of  every  plant  and  animal.  Thefe  organical 
parts,  moving  when  dilengaged,  and  thence  imagined 
to  be  alive,  are  extremely  fimple  in  their  composition, 
being  perhaps,  only  elaftic  fprings,  more  or  lefs  com- 
prefled,  more  or  lefs  diverfified  in  the  dire&ion  of  their 
force.  i 

All  m'icrofcopic  animals,  fo  called,  are  indeed  no 
other  than  ftich  organical  panicles.  • Seeds  macerated 
in  water,  firft  difunite  into  fmall  particles,  which  fooii 
after  move  and  feem  alive,  though  they  are  not  fo. 
The  fame  may -be  obferved  of  thejuices  of  animals,,  as 
mutton-gravy  and  the  like.  And  as  to  the  common 
imagination,  that  the  male  femen,  while 'ip  the  veflels, 
contains  millions  of  animalcula  like  tadpoles,  it  is  cer- 
tain, 
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tain,  they  are  produced,  after  the  evacuation  of  the  fluid, 
and  rife  from  principles  contained  therein*  by  a real  ve- 
getation, and  a fabfequent  change  from  the  vegetable 
to  the  animal  life.  ^ 

“ Semen  immediately  evacuated  is  an  homo  geneous 
fluid..  Inaiew  moments  it  begins  to  feparate,  and  af- 
ter this  a kind  of  vegetable  filaments  grow  in  it,  and 
ihoot  out  ramifications  on  every  fide.  Thefe  open  and 
divide  into  moving  globules,  which  trail  after  them 
fomething  like  long  tails  ; which  are  in  truth  only 
firings  of  the  vifcid  matter,  from  among  which  the 
globules  were  feparated-  By  degrees  the  globules  get 
rid  of  them,  and  then  move  at  eafe.v/ 

“ This  vegetable  power  of  Ihooting  into  filaments*, 
is  in  all  animal  and  vegetable  fubftances,  down  to  the 
lead  microfcopic  point.  And  to  this  is  really  owing,  ail 
that  is  called  animal  life,  in  the  fluids  produced  from 
vegetables.  - , v 

“ In  all  our  obfervations,  on  thefe  fubftances,.  the 
whole  quantity  of  matter,  after  a feparation  of  fome  vo- 
latile and  faline  parts,,  always  divides  into  filaments,, 
and  vegetates  into  numherlefs  zoophytes,  which  after- 
wards yield  all  the  fpecies  of*  microfcopic  animals.  Af-1 
ter  this,,  thofe  fuppofed  animals  themfelves  fubfide  to* 
the  bottom  of  the  liquor,  become  motionlefe,  refolve  ' 
into  a gelatinous,  filamentous  fubftance,  and  then  af- 
ford new  zoophytes  or  animals  of  a fmaller  kind. 

“ Hence  we  may  obferve,  that  every  animal  or  ve- 
getable fubftance,  advances  as  faft  as  it  can,,  to  re* 
folve  into  one  common  principle,  which  is  the  fource 
of  all : a kind  of  univevfal  femen,  from  which  each 
atom  may  again  afcend  to  a new  life-  Thefe  animal- 
cula  then  in  the  femen  of  animals,  and  in  the  infufions 
and  juices  of  animal  and  vegetable  fubftances,  are  not 
of  the  nature  of  any  other  beings,  nor  to  be  ranked, 
with  them.  They  conftitute  a clafs  apart  from  all 
others,  the  chara&eriftic  of  which,  is,  that  they  neither' 
are  generated,  nor  fubfift  by  nutriment,  like  other 
plants  or  animals,  nor  do  they  generate  in  the  ordinary 
way.” 

What  then  becomes  of  this  whole  boafted  branch  of 
modern  philofophy  ? If  this  be  fo,  mofi  of  our  mi- 
crofcopic  difcoveries  vanifh.  into  air... 

' Blue* 
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Blue-flowered  gentianella  requires  wet  weather 
be  fown  in,  Asfoon  as  any  ram  touches  the  feed  ve£ 
fels,  they  burft  open  and  throw  the  feed  on  each  fide, 
cardamines  burft  their  pods  and  dart  out  their  feed  on 
a light  touch  of  the  hand  ; nay,  the  cardamine  impa- 
tiens  does  fo,  even  by  the  approach  of  the  hand.  Other 
feeds  by  their  agreeable  tafte  or  fmell,  invite  birds  to 
feed  upon  them,  who  drop  them  again,  fertilized  bf* 
paffing  through  their  body.  So  miftletoe  is  ufually 
fown. 

The  berries  of  miftletoe  have  within  their  vifcid  pulp, 
a kernel  covered  with  a thin,  whitifh  Ikin.  One  placed' 
thefe  berries  within  the  bark  of  oak,  afh,  beech,  pear, 
and  apple-trees,  by  making  feveral  cuts  in  the  fides  of 
the  trees,  but  the  whole  berries  would  not  ftay  in  any 
of  them.  And  when  he  broke  them,  the  feed  always 
flipt  out  to  the  edge  of  the  cut,  and  there  ftuck  to  the 
bark  by  its  vifpous  covering.  He  ftuck  one  feed 
to  the  bark  without  any  cutting  at  all,  which  fuccceicd 
beft,  and  yielded  two  plants.  The  vifccus  matter  dry- 
ing away,  drew  the  feeds  clofe  to  the  bark,  and  on 
thefe  with  two  more  on  an  apple-tree  and  one  on  a pear- 
tree,'  there  began  in  fpring  to  ftvoot  out  at  the  end  of 
the  feed  next  the  eye  of  the  berry,  a fmall  deep  green 
fhoot,  like  a little  clafper  of  a vine.  At  firft:  it  rofe  up- 
ward, then  turning  again,  fwelled  out  fomewhat  big- 
ger round  the  end : yet  leaving  the  tip  quite  flat, 
forming  as  it  were  a foot  to  ftand  upon.  This  foot  in 
' June  came  to  the  bark,  and  fixed  itfelf  thereon.  Be- 
ing thus  fattened  at  both  ends,  it  formed  a little  arch, 
whofe  diameter  was  as  long  as  the  feed.  Thus  it  re- 
mained till  March  following.  Then  the  other  end  let 
go  its  hold,  and  raifing  itfelf  upward  became  the  head 
of  the  plant,  while  the  end  which  fprung  out  firft,  be- 
came the  root.  It  is  not  uncommon,  for  the  feeds  of 
ever -greens  to  be  two  years  before  they  fpring  out  of 
the  ground.  But  this  was  furpriftng,  the  change  of 
the  ends,  firft  one  fhooting  out,  and  then  the  other. 
Yet  we  find  nature  is  uniform,  and  even  in  this  ftrange 
plant,  a£ts  as  in  other  vegetables,  firft  carrying  the  fapv 
to  form  the  root,  then  turning  the  courfe  of  it  back 
v again,-  to  fend  out  the  upper  part  of  the  plant.  The 

/ ftrangeft  circumftance  is,  that  the  rooting  end  fliould 
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firft  fhoot  into  the  air,  and  theft  turn  down  to  find  a 
place  to  fix  on.  This  it  is,  which  has  kept  the  World 
fo  long  in  ignorance  about  the  growing  of  this  • feed. 
For  by  requiring  a new,  ftnootb  part  of  the  bark 
whereon  to  fix  the  rooting  part,  it  has  fruftrated  all  at- 
tempts of  fowing  it  as  we  do  other  feeds. 

In  ftrawberries  and  rafberries  the  hairs  which  grow 
on  the  ripe  fruit,  are  fo  many  tubes  leading  to  the  feve- 
ral  feeds.  And  therefore  we  may  obferve,  that  in  the 
firft  opening  of  the  flower,  the  whole  inward  area  is 
like  a little  wood  of  thefe  hairs  : and  when  they  have 
received  and  conveyed  their  globules,  the  feeds  fwell 
and  rife  in  a fleftiy  pulp. 


The  manner  wherein  mofles  in  general  feed,  is  ex* 
ceeding  little  under  flood.  But  in  one  fpeeies  at  leaft, 
it  may  be  clearly  explained,  from  a number  of  obfer- 
vations.  The  head  of  this  mols  appears  to  the  naked 
eye,  fmooth  and  of  a pale,  brown-colour.  The  top 
of  this  is  bounded  by  an  orange-coloured  ring,  which 
is  acalix,  containing  lixteen  pyramidal  ftamina,  loaded 
with  a white  farina.  Thefe  bend  towards  each  other, 
and  when  the  head  is  nearly  ripe,  almoft  meet  ifl  -a 
point  at  their  tops.  Immediately  under  the  arch 
formed  by  thefe  ftamina,  is  placed  a {lender,  hollow, 
ptftil,  through  which  the  farina  makes  its  way,  and  is 
difperfed  among  the  feeds  in  the  head.  The  external 
membrane  of  the  head,  is  a continuation  of  the  out- 
ward covering  of  the  ftalk.  A fe&ion  of  the  head 
{hews,  that  this  membrane  includes  a feed^eflel  lb 
large  as  to  fill  it  every  way.  This  is<  filled  with  per 
N f eft  and  beautiful  feeds*.  They  are  round  and  tranfpa- 
rent  when  unripe,  but  afterwards  they  are  opake,-  and 
of  a beautiful  green.  The  number  of  feeds  in  one  of 
thefe  heads,  is  not  lefs  than  13,800. 


The  feed-veffels  of  mahogany  trees  are  of  a curious 
form.  They  confift  of  a large  cone,  which  fplitting 
into  five  parts,  difclofe  their  winged  feedis.  None 
would  think,  that  fo  tall  and^  fo  large  trees*  could 
grow  on  folid  rocks.  They  are  four  feet  and  upwards 
in  diameter.  The  manner  of  their  growth  is  as  fol- 
lows. The  feeds  % along  the  ftirfaee  of  the  ground. 
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and  fome  falling  into  the  chinks  of  the  rocks,  ftriketooty 
then  creep  out  upon  thefurface,  and  feek  another  chink*. 
In  this  they  fwell  to  fuch  a fize  and  ftrength,  that 
the  rock  fplits  and  makes  way  for  the  root  to  fink  deep- 
er. And  with  this  little  nourifhment  the  tree  in  a few 
years  grows  to  that  ftupendous  fize.  . 

* pPhe  progrefs  of  germination  was  accurately  obferv- 
ed  by  Malpighi  in  the  feed  of  a gourd.  The  day  af- 
ter it  was  committed  to  the  ground,  he  found  the  out- 
er coat  a little  1 welled  : and  in  its  tip  a fmall  cleft  ap- 
peared* through  which  the  fperm  was  feen.  vThe  fe* 
cond  day  the  outward  coat  was  much  fofter,  the  inner 
torn  and  corrupted,  the  germ  fomewhat  longer  and 
more  dwelled,  and  the  beginning  of  the  root  appeared. 
The  third  day  the  root  had  made  itfelf  apaffage 
through  the  coat,,  near  the  former  cleft.  The  germ* 
and  feed-leaves  alfo  wrere  now  grown  much  bigger.. 
On  the  fixth  more  of  diedeed-leaves  had  broken  through,, 
and  were  found  thicker  and  harder.  The  root  had 
(hot  out  many  fibres,  and  the  ftem  grown  a finger’s, 
length.  About  the  twenty*  firft  day  the  plant  feemed< 
complete,  from  which  time  the  feed-leaves  began  to? 
droop,  till  they  died  away* 

. t ; ' I ' , . . ' . , 

20.  The  parts  of  different*  fruits  are  different;  but  in> 
all  the  eflential  parts  of  the  fruit,  are  only  continuati- 
ons of  the  fibres,  obferved  in  the  other  parts  of  the  tree. 
And  there  is  a direft  communication  betweemthe  fruit, 
and  the  remoteft  part  of  the  tree*  Thus  an  apple  cut 
crofs-ways  appears  to  confift  of  four  parts.  Firfl  the. 
fkin,  derived  from  the*  outer  bark  of  the  tree.  2.  The 
palp,  which  is  an  expanfion  of  the  inner  bark.  3.. 
Ramifications*  of  the-  woody  part  of  the  tree,  difperfed. 
throughout  the  pulp.  To  thefe  are  fattened  the  coats< 
of  the  kernels.  And  thefe  being  at  fix  ft  extended  to. 
the  flower,  part  of  them  dire&ly,  and  part  obliquely* 
furniflv  it  with  its  nourifhment.  But  the  fruit  increas- 
ing intercepts  the  aliment  : and  then  the  flower  is- 
ftarved  and  falls  off.  4.  The  core,  which  is  a produc- 
tion of  the  pith  of  the  plant,  ftrengthened  by  fibre.%  of 
the  wood  intermixed.  This  is  a cafe  for  the  kernels,  f 
filtrates  the  juice  of  the  pulp,  and  conveys  it  to  them. 

„ Eruit  ferve.  not  only  for  the.  food  of  animals,  but 
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to  guard  and  nourifli  the  feed  enclofed  ; to  filtrate  the 
coarfer  part  of  the  nutritious  juice,  and  tranfmit  only 
the  pure  ft  for  the  fupport  and  growth  of  the  plantule. 

In  every  fort  of  grain,  wheat,  barley,  or  any  other, 
there  are  three  particulars  obfervable,.  t.  The  outer 
coat,  which  contains  all  the  reft.  This  in  the  fame 
fpecies  of  grain,  is  of  a very  different  thicknefs  in  dif- 
ferent years,  as  alfo  in  different  foils.  2*.  The  germ  or 
' bud.  This  is  always  hid  in  the  grain,  and  is  the  plant 
in  miniature.  And  3.  The  meal,  which  is  enclofed 
in  the  fkin,  that  furrounds  the  germ,  and  gives  it  nou- 
riiliment,  when  firft  put  into  the  earth,  before  it  is  ca- 
pable of  drawing  it  from  the  earth  itfelf. 

The  whole  ftru&ure  of  the  plant  which  produces 
thefe  grains  is  equally  admirable.  The  chaffy  hufk  is 
well  adapted  to  defend  the  grain,  as  long  as  that  is  ne- 
ceffary,  and  then  to  let  it  fall.  The  ftalk,  hollow  and 
round,  is  at  once  light  and  ftrong,  capable  of  fuftain- 
ing  the  ear,  without  abforbing  too  much  of  the  juices 
deftined  for  its  nourifhment.  And  the  beards  are  a de- 
fence againft  the  birds,  that  w^ould  otl  *rwife  deftroy 
the  grain  before  it  ripened.  The  covering  of  the  grain 
is  formed  of  fibres,  which  meet  in  a line  and  form  a 
kind  of  furrow.  This  is  the  place  at  which  the  feed* 
when  moiftened,  is  to  burft  open.  Were  not  thefe  means 
prepared  for  tire  germ’s  coming  out,  the  toughnefs  of 
the  outer  coat,  would  have  kept  in  both  the  meal  and 
the  germ,  till  they  had  rotted  together. 

Nor  is  this  the  only  ufe  of  this  place  of  opening.  The 
grain  is  defigned  not  only  for  feed,  but  for  food  alfo. 
Men  have  art  enough  to  ere#  machines,  for  reducing 
it  to  powder.  But  the  birds  eat  it  as  it  is,  and  it  would 
pafs  them  whole  without  doing  them  any  good  were  it  , 
xnot,  that  when  it  is  moiftened,  it  burfts  open  at  the 
furrow  and  yields  them  nourifhment. 

The  meal  is  compofed  of  an  infinite  number  of 
round,  white,  tranfparent  bodies.  Thefe  enclofe  the 
young  plant,  and  by  their  figure  being  eafily  put  in 
motion,  as  foon  as  affefted  by  the  heat  and  moifture  of 
the  earth,  they  infinuate  into  the  veflels  of  the  plant, 
and  give  it  increafe,  till  it  is  in  a condition  to  feed  on 
the  juices  of  the  earth.  The  fame  proeefe  of  nature  is 
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obfervable,  when  ^grains  of  corn  grow  out  of  time, 
on  being  thrown  carelefsly  together,  in  a moift  place. 

• • • ' ’ ' • s~ 

21.  Plants  do  likewife  perfpire.  To  find  the  quan- 
tity imbibed  and  perfpired'by  plants,  Dr.  Hale  took  a 
pot  with  a large  fun-flower  planted  in  it,  and  by  various' 
experiments  found,  the  greateft  perfpiration  in  a very 
warm  day,  to  be  one  pound  fourteen  ounces  ; the  mid- 
dle perfpiration  one  pound  four  ounces.  It  perfpired  • 
three  ounces  in  a warm  night,  when  there  was  ito  dew. 
If  fmall  dew  fell,  it  perfpired  nothing,  if  a large  dew 
it  gained  two  or  three  ounces. 

The  weight  of  the  flowed  was  three  pounds  : the 
weight  of  a well-fized  man  is  one  hundred  and  fixty.- 
The  flower  perfpires  twenty-two  ounces  in  twenty-four 
hours:  the  man  about  twenty-five  ; (befide  fix  ounces* 
which  are  carried  off  by  refpiration  from  the  lungs.) 

. A middling  man  eats  and  drinks  in  twenty-four^ 
hours,  about  four  pounds  ten  ounces.  The  plant  im- 
bibed and  perfpired  in  the  fame  time  twenty-two  ounces. 
But  taking  bu1*  for  bulk,  the  plant  imbibes  feventeen 
times  more  food  than  the  man.  For  deducing  five' 
ounces  for  faeces,  there  will  remain  but  four  pounds*-' 
five  ounces,  which  enter  the  veins,  and  pafs  off  in 
twenty-four  hours.  And  fince  taking  bulk  for  bulk, 
the  plant  imbibes  fo  much  more  food  than  the  man,  it 
was  neceffary  by  giving  it  an  extenfive  furface,  to  pro-- 
vide  for  a plentiful  perfpiration,  fince  it  has  no  other 
way  of  diichargtng  fuperfluities  as  a man  has.  It  was 
neceffary  likewife  that  the  plant  (hould  imbibe  a larg- 
er quantity  of  frefli  fluid  than  the  man,  becaufe  the 
fluid  filtrated  through  its  roots  does  not  contain  fo  rr) a- 
ny  nutritive  particles,  as  the  chyle  which  enters  our 
veins* 

But  there  is  a latitude  of  perfpiration  both  in  men  and 
plants.  In  this  flower  it  varied  from  fixteen  to  eigh- 
teen ounces  during  twelve  hours  aday,  as  it  was  watered 
lefs  or  more  : in  a healthy  man  it  varies  from  a pound 
and  a half  to  three  pounds. 

Ever-greens  perfpire  far  lefs  than  other  plants.  In* 
proportion,  they  need  lefs  nourifliment : hereby  they 
are  better  able  to  bear  the  winter:  like  infeds,  which 
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as  they  perfpire  little,  live  the  whole  winter  without 
food. 

In  order  to  try  whether  any  fap  rofe  in  winter,  he 
made  various  experiments  : from  all  which  if  appear- 
ed, it  does  rife  then  alfo,  but  in  fmall  quantities.  And 
hence  we  fee  why  an  ever-green  grafted  on  an  oak  will 
remain  verdant,  when  the  oak-leaves  drop.  Perfpiring 
lefs,  it  needs  lefs  nonrifhment  than  the  oak,  and  fo  is 
fufficiently  fed  by  the  fap  that  rifes  even  in  winter. 

In  fummer,  when  hot  fun-fhine  follows  a fhower,  the 
vines  in  the  middle  of  a hop-ground,  are  often  all 
fcorched  up,  almoft  from  one  end  of  a large  ground  to 
the  other  2 at  the  fame  time  the  vapours  afoend  plen- 
tifully. The  fcorching  of  the  vines  feems  to  be  caufed 
by  thefe  fcorching  vapours,  which  afcend  moft  in  the 
middle  of  the  ground,  the  air  there  being  more  detife, 
and  confequently  hotter  than  on  the  outfides.  , 

The  white  clouds  likewiie  which  appear  in  fummer- 
tigae,  occafion  a vehement  heat,  by  refle&ing  many  of 
the  folar  rays,  which  otherwife  would  not  touch  the 
earth.  And  if  the  fun  be  on  one  fide,  and  the  clouds 
on  the  other,  they  are  perfect  bufning-giafles. 

Sometimes  there  rS  a kind  of  hollow  clouds,  full  of 
hail  or  fnowv  During  the  continuance  .of  thefe  the 
heat  is  extreme,  fmce  by  fucb  condenfarion  they  reflet 
more  ftrongly.  By  thefe  libewife  thofe  blafts  may  be 
produced,  as  well  as  by  the  reflexion  of  denfe  vapours. 

The  fun-flower  being  tender,  if  the  fun  rifes  clear, 
faces  to  the  eaft.  The  fun  continuing  to  (bine,  at  noon 
it  faces  to  the  fouth,  and  at-  fix  in  the  evening  to  the 
weft.  .The  caufe  is,  that  fide  of  the  Item  which  is  next 
the  fun,  perfpires  the  moft,  and  thereby  (brinks* 

“ What  degree  of  heat  will  plants  bear  i”  The 
common  temperate  point  in  the  thermometer  is  eigh- 
teen degrees.  The  external  heat  of  a human  body, 
will  raife  it  to  fifty-four  degrees.  Very  hot  fun-ftiine 
will  raife  it  to  eighty-eight.  Plants  endure  a confide-  " 
rably  greater  heat  than  this,  near  the  line,  for  fome 
hours  a day.  But  the  hanging  of  the  leaves  of  many 
of  them  (hews,  they  could  not  long  fubfift  under  it. 

The  winter  heat  is  from  the  freezing  point  to  ten  de^ 
grees  ; the  vernal  and  autumnal  from  ten  to  twenty.  The 
* May  and  June  heat  is  from  feventeen  to  thirty,  in  which 
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the  generality  of  plants  fleurilh  beft.  The  heat  of  Ju- 
ly is,  in  the  (hade,  about  thirty-eight  degrees  ; in  the 
fun-fliine,  at  noon,  about  fifty.  The  hqat  of  a hot-bed, 
when  too  hot  for  plants,  is  eighty-five  or  more  : and 
near  this  is  the  heat  of  the  blood  in  high  fevers.  The 
due  heat  of  a hot-bed  is  fifty-fix  degrees  ; and  the  fame 
heat  hatches  eggs. 

A continual  fleam  is  afcending  during  the  fummer  r 
the  fun-beams  giving  the  moifture  of  the  earth,  at  two 
feet  depth,  a briflc,  undulating  motion,  which  rarefied 
by  heat,  afcends  in  the  form  of  vapours.  And  the  vi- 
gour of  warm  and  confined  vapour  (fuch  as  is  that 
which  is  two  or  three  feet  deep  in  the  earth)  muft  be 
great,  and  penetrate  the  roots  with  fome  vigour  ; as 
we  may  reafonably  fuppofe,  from  the  vaft  force  of 
confined  vapour  in  the  engine  for  railing  water  by  fire.v 

Though  vegetables  have  not,  like  animals,  an  engine 
which  by  its  alternate  dilatations  and  contraftions/drives 
their  juices  through  them,  yet  has  nature  contrive®; 
other  means,  powerfully  to  raife  the  fap  and  keep  it  itf 
motion.  And  their  roots  are  covered  with  a very  fine 
thick  (trainer,  that  nothing  may  enter  but  what  can  be  ’ 
readily  carried  off  by  perfpiration. 

That  there  is  a lateral  communication  of  the  fap-vef 
fels  in  plants,  as  of  the  blood-veffels  in  animals,  plain- 
ly appears  from  the  experiment  of  inarching  trees.  For 
when  three  wall-trees  are  thus* incorporated,  the  root 
of  the  middlemoft  may  be  dug  up,  and  the  tree  will 
grow  {till,  as  receiving  nourifhment  from  the  trees 
with  which  it  is  eonne&ed.  And  hence  ' elders,  wil- 
lows, vines  and  moft  fhrubs,  will  grow  with  their  tops 
downward  in  the  earth.  For  the  fame  reafon,  if  you 
frequently,  in  an  evening,  wafh  the  bodies  of  new- 
planted  trees,  they  will  grow  quicker  and  better  than 
any  others  of  the  fame  plantation* 

22.  If  the  top  of  a viburnum  is  planted  in  the  ground, 
it  becomes  roots,  and -the  roots  turned  up  become 
branches ; and  the  plant  grows  exa&ly  as  well  as  it  did 
in  its  natural  pofition  ; whether  the  veffels  which  fed* 
the  branches  have  changed  their  courfe,  or  whether  the 
j uices  go  up  and  down  the  fame  veffels. 

« i 23.  I cannot  - 
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23.  I cannot  better  conclude  this  chapter,  than  by 
tracing  the  analogy  between  the  propagation  of  ani- 
mals and  that  of  vegetables.  The  roes  of  fiihes,  the 
eggs  of  infe&s,  birds,  and  all  other  animals  nearly  re- 
femble  each  other.  'They  are  compadt  bodies  of  fuch 
forms  as  beft  fuit  tlieir  natures.  They  all  have  integu- 
ments nobly  contrived  for  their  prefervation,  with  firm 
coverings  to  fecure  them  from  outward  injuries.  Thofe 
to  be  kept  in  the  body  have  coverings  alfo  ; but  foft 
and  membranous.  Every  kind  contains  its  peculiar 
-fubftance,  differing  from  that  of  every  other  kind. 

. And  all  thefe  characters  belong  alfo  to  feeds  of  every 
kind.  . They  have  their  coverings,  more  or  lefs  com- 
pact, according  to  their  neceflities.  Their  forms  are 
convenient.  The  fubftances  they  contain  are  fpecifi- 
.cally  different  from  each  other : and  their  offspring 
proceeds  from  them  in  the  fame  manner,  as  animals 
. proceed  from  their  eggs. 

/ But  befide  the  fubftances  peculiar  to  each  feed,  there 
. is  a peculiar  organization  treafured  up  in  each,  which 
is  the  rudiment  of  the  future  plant,  capable  of  being 
propagated  into  fuch  a plant  as  it  fprung  from,  and  no 
other.  So  in  every  one  of  the  nut-kind,  there  is  a vifi- 
ble  organization,  peculiar  to  each  fpecies.  And  if 
fuch  an  organization  appear  in  every  feed,  which  is 
large  enough,  to  be  viewed  clearly,  we  cannot  reafona- 
bly  doubt  of  their  exiftence,  even  in  thofe  which  are 
. fo  fmall  as  to  efcape  our  fight.  There  are  multitudes 
of  feeds,  which  produce  large  plants,  and  yet  appear 
only  like  duft,  and, a vaft  number,  which  we  cannot 
fee,  but  by  the  microfcope.  And  yet  thefe  doubtlefs 
have  all  their  peculiar  forms,  and  their  organizations 
, as  well  as  the  larger. 

But  from  what  are  thefe  organizations  produced  ? 
How  does  every  plant  or  animal,  bring  forth  a frefh 
. one  after  its  kind  ? A little  of  this  we  may  underftand, 
if  we  trace  a tree  and  an  animal  through  every  ftage 
from  the  egg  to  their  utmoft  growth. 

. . See  a young  tree  pufliing  out  its  leaves  and  flowers, 
till  it  has  extruded  an  entire  fet  of  boughs  and  branches 
One  part  regularly  opjens  after  another  from  the  firft 
fhoot  till  it  pomes  to  fperfe<ftion.  Then,  and  not  be- 
fore, it  produces  feeds,  containing  the  rudiments  of 
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Other  trees  like  itfelf.  -The  fibres  of  its  general  organi- 
zation grow  into  little  knots,  fome  to  form  leaves,  feme 
the  calix,  fome  the  petals,  feme  the  'piftil  and  utriele, 
fome  again  the  little  feeds,  each  growing  from  its  own 
pedicle’.  For  the  male  parts,  other  fibres  are  formed 
into  ftamina,  and  from  thefe  terminate  into  apices  : 
and  again  from  thefe  others  terminate  intathe  minute 
grains,  commonly  called  the  farina  fecundans  ; each 
grain  growing  on  its  own  pedicle,  juft  as  the  leaves  or 
fruits  of  trees. 

See  an  animal,  exa&ly  in  the  fame  manner,  unfold- 
ing  itfelf  by  degrees,  till  its  parts  are  explicated  en- 
tirely, and  it  is  complete  in  every  organ.  Then,  and  . 
not  before,  each  female  is  capable  of  producing  eggs, 
each  being  a continuation  of  the  general  organization, 
and  growing  upon  its  own  pedicle.  Each  male  like- 
wife,  when  at  its  ftate  of  perfection,  is  capable  of  pro- 
ducing from  itfelf  the  fecundating  matter,  neceflary 
for  the  propagation  of  the  fpecies. 

Let  us  again  view  a full  grown  tree  or  plant,  put- 
ting forth  its  parts  for  fructification.  .Obferve  the  apices 
on  the  ftamina,  loaded  with  the  globules  of  the  farina 
fecundans,  the  pulp  of  each  globule  containing  an  ex- 
alted fluid,  and  conveying  it  to  one  of  the  papillae  of  the 
piftil.  The  utricle  is  now  filled  with  green,  foft  feeds, 
ready  to  be  impregnated  by  the  globule,  and  contain- 
ing a fluid,  which  afterward  becomes  a hard  covering 
to  each.  And  within  this  the  little  organization  gradu- 
ally increafes.  V 

As  then  a refined  fluid  from  the  feminai  matter  of 
the  male,  impregnates  the  organization  in  the  egg  of  a 
female  animal,  mingles  with  the  fubtile  fluids  contained 
therein,  and  promote  its  growth  and  progrefs  : fo  the 
refined  part  of  the  pulpy  fluid  contained  in  the  globule, 
impregnates  the;  organization  in  the  feed  of  a plant, 
mixes  with  its  juices,  and  gradually  promotes  ijts 
growth  into  a perfect  plant.  And  doubtlefs  both  the 
impregnating  effluvia  of  animals  and  vegetables,  and 
the  innate  juices  of  the  organization,  have  qualities  pe- 
culiar to  themfelves.  Hence  the  offspring  of  a black 
and  white  parent,  is  of  a colour  between  both.  And 
thus  if  the  farina  of  one  fort  of  flower  impregnate  the 
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,egg  of  another,  the  colour  of  the  flower  produced  there- 
by is  variegated  proportionably. 

The  juices,  imbibed  by  a plant,  being  compofed  of 
innumerable  various  fub (lances,  after  every  part  has  at- 
tracted its  kindred  particles,  the  fuperfluous  ones  are 
carried  off  by  perfpiration  chiefly  by  the  leaves, 
which  are  the  emun&ories,  that  throw  off  thole  juices 
which  have  no- kindred  particles  in  the  plant.  Accord- 
ingly when  die  warm  fun  begins  to  rarefy  the  fluids, 
which  during  the  winter  were  condenfed  and  inactive, 
the  new  leaves  then  begin  to  put  forth,  from  their  feve- 
,rat  organizations.  When  winter  comes,  as  no  more 
fluids  afcend  in  trees,  fo  there  is  no  perfpiration.  Con- 
fequently  mod  of  them  need  leave  no  longer,  which 
therefore  fall  off.  Nor  are  they  fucceeded  by  others, 
till  the  vegetable  begins  to  receive  frefli  nourifhment, 
and  has  occafion  therefore  for  excretory  veffels  to  car- 
ry off  fuperfluities.  Juft  fo  the  fuperfluous  juices  in 
animals,  are  continually  carried  off  by  perfpiration : 
an  obftruCtion  of  which  is  equally  pernicious  to  animals 
and  vegetables. 

But  is  there  any  thing  in  the  vegetable  kingdom 
analogous  to  that  ftrange  animal  the  polypus,  which 
multiplies  by  being  cut  in  pieces  ? There  is.  View, 
tfor  inftance  a young  willow.  This  is  an  organized  bo- 
t.dy,  capable  of  growing,  till  it  comes  to  its  perfeCl  ' 
.growth  by  means  of  the  vegetative  principle*  The 
polypus  is  an  organized  body,  capable  of  being  ex- 
tended till  it  comes  to  its  perfeCl  growth,  and  of  feed- 
ing and  loco-motion,  by  its  animating  principle.  The 
willow  as  it  grows,  is  gradually  fending  off  new' 
■branches,  which  are  its  faetufes,  proceeding  from  the 
organizations  lodged  in  every  part.  The  polypus  in 
like  manner  gradually  fends  off  new  faetufes ; from  or- 
ganizations placed  in  every  part  of  it.  If  the  willow 
.be  cut  in  pieces  and  plants!,  each  piece  will  be  expli- 
cated into  a tree,  and  then  fend  forth  new  faetufes,  like 
its  parent*  And  if  the  polypus  be  cut  in  pieces,  each 
piece  will  be  explicated  into  a polypus,  and  then  ex- 
trude .new  faetuies.i  fo  that  cutting  it  in  pieces,  is  but 
anticipating  the  propagation  of  thofe  organizations  in  - 
.the  pieces,  which  would,  if  let  alone  for  awhile,  them- 
ftflves  iffue  from  the  fides  of  the  parent. 
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If  we  obferve  the  extreme  tendernefs  of  this  animal, 
liable  to  be  wounded,  nay  torn  in  pieces,  by  any  hard 
body,  which  is  carried  down  the  ftreams,  or  moved  in 
the  ponds,  wherein  they  dwell  : we  fee  the  providen- 
tial reafon,  for  this  contrivance  to  propagate  them  : as 
perhaps  no  other  animal  is  of  fo  tender  a texture,  and 
Jo  eafilv  deftroyed,  having  neither  fagacity  to  avoid 
danger,  nor  ftrength  to  bear  the  lead  violence. 

Other  trees  have  been  propagated  by  a (till  more 
furprifing  way.  One  having  caufed  fome  allien  pipes, 
that  had  brought  water  to  his  fountain  twelve  years  to 
be  taken  up,  they  were  left  in  the  yard,  where  they 
rotted  almoft  entirely.  But  in  their  room  there  Ihot 
up  a young  foreft  of  allies,  which  are  now  about  four 
feet  high.  There  is  no  alb-tree  within  a great  di dance 
of  the  yard.  Where  then  were  the  feeds  from  which 
they  fprung  ? c , 

24.  Mr.  Bonet  of  Geneva  was  inclined  to  try  whe- 
ther plants  would  grow,  when  planted  in  mofs  indead 
of  earth.  So  he  filled  feveral  garden-pots  with  mofs, 
and  compreffed  it  more  or  lefs,  as  he  judged  the  feveral 
plants  might  require,  a clofer  or  a loofer  foil. 

He  then  fowed  therein  wheat,  barley,  oats,  and  peas. 
And  he  found  fird,  that  all  the  grains  thus  fown,  came 
to  maturity  later  than  thofe  of  the  fame  forts,  which 
had  been  fown  in  mould.  2.  That  the  ftems  from  the 
feeds  fown  in  mols,  were  generally  taller  than  thofe 
fown  in  earth.  3.  That  there  came  more  blades  from 
the  grains  fown  in  mofs,  than  from  thofe  fown 
in  the  ground.  4.  The  grains  fown  in  mofs  pro* 
duced  more  plentifully  than  the  others.  5.  The  grains 
gathered  from  the  corn  which  grew  in  the  mofs,  hav- 
ing been  fowrn  again  partly  in  mofs,  and  partly  in 
earth,  fucceeded  well  in  both. 

He  alfo  planted  in  mofs,  pinks,  dailies,  tulips,  jom 
x quilles,  and  feveral  other  forts  of  flowers.  And  all 
thefe  fucceeded  full  as  well,  as  thofe  of  the  fame  fort 
which  he  planted  in  mould.  He  allb  placed  in  mofs, 
cuttings  and  layers  of  vines,  all  which  grew  up  into 
vines.  And  thefe  in  awhile  w^ere  larger  than  thofe 
■which  came  fiom  cuttings  and  layers  planted  at  the 
fame  time  in  the  ground. 

Mr.  Kraft  fowed  oats  and  heinp-feed  in  rich  earth, 
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in  land  thoroughly  dried,  in  flireds  of  paper,  In  pieces 
of  woollen  cloth,  in  xhopt  hay.  He  afterwards  wa- 
tered them  daily,  and  they  grew  near  as  well  in  one 
xfubftance  as  in  another. 

The  hufbandry  of  figs,  as  it  is  ftill  pradtifed  in  ma- 
ny parts,  is  one  of  the  greateft  curioiities  in  nature. 
There  are  two  forts  of  fig-trees,  the  wild  and  the  gar- 
den fig-tree.  The  wild  bear  three  kinds  of  fruit,  for- 
nites, cratitires,  and  orni  : and  all  thefe  are  neceffary 
to  ripen  the  garden-fig.  The  fornites  appear  in  Au- 
guft,  and  hold  to  November  without  ripening.  Herein 
breed  fmall  worms,  which  turn  to  a kind  of  gnats,  no 
-where  to  be  feen  but  about  thefe  trees.  In  November 
thefe  gnats  make  a pundture  in  the  cratitires,  which  do 
not  appear  till  towards  the  end  of  September,  and  the 
fornites  gradually  fall  off,  after  the  gnats  have  left 
them.  The  cratitires  remain  on  the  tree  till  May,  and 
enclofe  the  eggs  depofited  in  them.  #ln  May  the  orni 
appear,  which  after  they  grow  to  a certain  fize,  are 
pricked  by  the  gnat  ifluing  from  the  cratitires. 

None  of  thefe  are. good  to  eat,  but  only  to  ripen  the 
fruit  of  the  garden  fig-tree  in  the  following  manner. 
In  June  and  July,  the  peafants  take  the  orni,  when 
their  gnats  are  juft  ready  to  break  out,  and  carry  them 
to  the  garden  fig-tree.  If  they  do  not  mind  the  time 
exadtly,  the  orni  drop  and  the  garden  fruit  not  ripening 
for  want  ofjts  proper  pundture,  will  likewife  fall  foon 
after.  Therefore  they  carefully  infpedt  the  orni  every 
morning,  and  transfer  fuch  of  them  as  are  proper.  By 
this  means  the  garden-figs  become  ripe,  in  about  fix 
weeks  after  they  have  received  the  pundture  of  the  in- 
fedt.  When  they  have  dried  them  in  the  fun,  they  put 
them  into  ovens,  to  deftroy  the  eggs  of  the  gnats  laid 
in  them,  from  whence  otherwife  worms  would  be  pro- 
duced, which  would  confume  the  fruit. 

What  an  expenfe  of  time  and  pains  is  here  ! Who 
can  but  admire  the  patience  of  the  Greeks,  bulled 
above  two  months  in  carrying  thefe  prickers  from  one 
tree  to  another  ! But  how  do  thefe  contribute  to  the 
ripening  of  the  garden-figs  ? Perhaps  by  caufing  the 
nutritious  juice  to  extravafate,  whofe  veffeh  they  tear 
afunder,  in  depofiting  their  eggs.  Perhaps  too  they 
' leave  with  their  eggs  fome  kind  of  liquor*  proper  to 
ferment  with  the  milk  of  the  fig,  and  make rit  tender. 
^ Vol.  II.  - F Figs 
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^jgs  In  Paris  ripen  fooner,  for  having  their  budspricked 

rjvitha  draw  dipped  in  oil. 
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I^T  remains  to  give  a fliort  account  of  fome  re- 
markable  productions  of  the  vegetable  kind. 

Thegrafs  of  thefubmarine  meadows  is  not  a fpan 
long',  and  is  of  a green  approaching  to  a yellow  colour. 
The  tortoifes  feem  to  live  wholly  on  this:  but  they 
■kite  much  more  of  it  than  they  fwallow.  Hence  the 
4ea  is  covered  with  thisgrafs,  wherever  they  feed  at  the 
^bottom.  About  once  in  half  an  hour  they  come  up, 
fetch  one  breath  like  a figh,  and  fink  again.  They 
-breathe  fomewhat  oftner  when  on  thore  5 if  you  hurt 
them,  the  tears  will  trickle  from  their  eyes.  They 
will  live  out  of  water  twenty  days  and  be  fat,  if  they 
'have  twice  a day  half  a pint  of  fait- water. 


A fubmarine  fenfitive  plant  has  been  obferved  on  the 
, Irifh  coaft.  It  confifts  of  a long  flerider  tube  about 
as  thick  as  the  barrel  of  a goofe  quill,  growing  about 
fix  or  eight  inches  out  of  the  crevices  of  the  rocks,  es- 
pecially in  fuch  hollows  as  the  falt-water  remains  in,  af- 
ter the  tide  ebbs  away.  In  the  middle  of  the  tube 
brings  up  a llender  ftalk.  The  top  of  which  is  a ' red. 
dHh,  round  veficle.  If  you  point  a finger  to  this,  as 
fbon  as  you  are  near,  touching  it,  the  ftalk  withdraws 

to  the  very  bottom  of  die  tube,  .and  the  tube  itfelf  bends 
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and  becomes  flaccid.  The  plant  has  no  branches,  nor 
can  the  root  be  feparated  from  the  rock  withQut  break- 
ing it.-  On  the  Cornifli  fhores,  there  grows  a kind  of  a 
fenfitive  fucus.  Bring  this  fo  near  the  fire  as  juft  tp 
warm,  and  its  edges  flirink  up.  In  this  Ante,  move  a 
finger  toward  them,  and  they  flirink  from  it,  but  if 
the  finger  is  removed,  recover  their  former  fituation. 
Placed  on  a warm  hand,  it  moves  perpetually  to  a qd 
from  the  hand,  like  an  animal  ftruggling-for  life.  It 
feems  this  odd  effeft  is  owing  to  the  ftrufture  of  thefe 
plants.  They  are  fo  extremely  thin  that  they  yield  to 
the  perfpiration  of  the  hand ; the  effluvia  being  of  fprpe 

fufficient  to  repel  the  leaves  when  they  are  near. 

\ 

The  vines  of  hops  wind  about  the  poles  with  the  fun, 
thofe  of  kidney-beans  againft  the  fun,  and  that  fo  ob- 
ftinately,  that  although  the  one  or  the  other  be  over- 
night wound  the  oppofite  way,  yet  in  the  morning  it 
will  be  found  to  be  got  back  again  to  its  natural  bent. 


The  herb  of  Paraguay,  as  it  is  called,  is  the  leaf  of  a 
tree,  of  the  li  z.e  of  a middling  apple-tree.  It  is  Tent  to 
Peru  and  Spain,  -in  great  quantities,  well  dried  and  al- 
moft  reduced  to  powder,  being  ufed  by  the  miners  and 
many  others,  as  we  ufe  wine,  and  the  Turks  opium  to 
raife  the  fpirits.  Indeed  the  Spaniards  believe  it  to  be 
a prefervation  from,  and  remedy  for  all  their  difor- 
ders.  It  is  opening  and  diuretic,  and  what  is  furprif-' 
ing,  produces  very  different  effects  at  different  times. 

It  purges  fome,  and  nouriflies  others  : it  .gives  fiepp 
to  the  reftlefs  and  fpirits  to  the  drowfy.  Thofe  who 
are  accuftomed  to  the  ufe  of  this  herb,  can  fcarce  ever 
leave  it  off,  or  even  take  it  moderately  ; though  when 
ufed  to  excefs,  it  brings  on  moft  of  thofe  difofders  .that 
attend  the  too  free  ule  of  ftrong  liquors.  They  pre- 
pare it  nearly  as  we  do  tea  } but  feldpm  ufe  any  fqgjir 
with  it.  Sometimes  they  take  it  by  way  of  a vomit : 
then  they  drink  it  lukewarm. 

The  caa-tree  (that is  its  proper  name)  thrives  beft  la 
the  marfhy  bottoms  between  the  mountains  of  Mara- 
f cayu,  eaft  of,  Paraguay,  in  about  twenty-five  degrees 

twenty-five  minutes  fputh  latitude.'  They  fome  times 
lend  to  Peru  aloue  ,m  a year,,  a hundred  tbpmmid 
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arobes,  (an  arobe  is  28  pounds,)  and  each  arobe  is 
worth  feven  French  crowns. 

: By  the  whole  account,  this  appears  to  be  a fpecies  of 
tea,  little  differing  from  fome  of  thofe  which  grow  in 
China.  The  leaf  is  a third  part  lefs  than  that  of  bo- 
hea-tea,  but  much  hardier : for  it  bears  the  Englifh 
froft,  which  that  will  not.  Bohea-tea  has  a fmaller 
and  a darker  leaf  than  green  ; which  is  as  large  and  as 
bright  as  a bay-leaf,  and  endures  all  weathers.  All 
thefe  appear  to  be  of  a laurel  kind,  and  I doubt,  if 
laurel  or  bay  leaves  properly  cured,  would  not  equal 
any  of  them. 

The  coco-tree  grows  ftrair,  without  any  branches, 

;*  thirty  or  forty  feet  high.  Near  the  top  it  bears  twelve 
leaves,  each  ten  feet  long,  and  half  a foot  broad. 
Thefe  are  ufed  in  making  mats,  covering  houfes,  and 
for  many  other  purpofes.  Above  the  leaves  grows  a 
large  excrefcence,  in  the  form  of  a cabbage.  But  the 
taking  it  off  kills  the  tree.  Between  the  leaves  and  the 
' top  grow  feveral  fhoots,  as  thick  as  a man’s  arm,  which 
when  cut,  yield  a white,  fweet,  agreeable  liquor, 
ferving  as  wine,  and  equally  intoxicating.  Yet  at  the 
end  of  four  and  twenty  hours,  it  becomes  a ftrong  vine- 
gar. As  long  as  this  liquor  diftils,  the  tree  bears  no 
fruit;  but  when  thefe  fhoots  are  fuffered  to  grow,  it 
puts  forth  a large  bunch,  wherein  the  coco-nuts  are  to 
the  number  of  tenor  twelve.  In  each  there  is  about 
half  a pint  of  clear,  cooling  water.  In  a little  while, 
this  becomes  a white,  foft  pulp,  which  afterwards  con- 
denfes  into  a nut.  The  tree  yields  fruit  thrice  a year. 
Some  of  the  nuts  are  as  large  as  a man’s  head. 

The  cacao  tree  is  of  a middling  fize  : the  wood  is 
porous,  the  bark  is  fmo'oth,  and  of  a cinnamon  co- 
lour. The  flower  grows  in  bunches  between  the  flalks 
and  the  wood,  of  the  form  of  rofes,  but  without  fcent. 
The  fruit  containing  the  cacao  is  a fort  of  pod,  of  the 
' • fize  and  fhape  of  a cucumber.  Within  this  is  a pleafant, 
acid  pulp,  which  fills  up  the  interftices  of  the  nuts  till 
they  are  ripe.  Then  they  lie  clofe  together,  vin  a regu- 
lar and  elegant  order.  They  have  a tough  fhell  j 
within  which  is  the  oily  fubftance,  whereof  the  choco- 
late is  made.  This  fruit  grows  differently  from  our 
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European -fruits,  which  always  hang  upon  the  fmali 
branches:  whereas  this  grows  along  the- body  of  the 
great  ones,  principally  at  the  joints.  None  are  found 
on  the  fmali ; a manner  of  vegetation  ftrange  here  ; 
but  which  prevails  in  feveral  other  plants  within  the 
tropics. 

The  tallow-tree,  which  grows  plentifully  in  China, 
is  about  the  height  of  a cherry-tree.  Its  bark  is  very 
fmooth,  and  its  leaves  of  a deep  ftiinmg  red.  Its  fruit 
grows  in  a pod,  like  a'chefnut,  confiding  of  three  white 
grains  : each  of  which  is  about  the  fize,  and  of  the 
form  of  a fmali  nut.  In  each  is  a little  done,  fur- 
rounded  with  a white  pulp,  in  confidence,  colour,  and 
even  fmeiyike.  tallow.  And  this  it  is,  of  which  the 
Chinefe  in  general  make  their  candles. 

The  horfe  chefnut  contains  a faponaceous  juice,  ufe- 
ful  not  only  in  bleaching,  but  alfo  in  walking  linens 
and  duffs.  Peel  and  grind  them  ; then  the  meal  of 
twenty-nuts,  is  fufficient  for  ten  or  twenty  quarts  of 
water.  Either  linen  or  woollen  may  be  walked  in  the 
infufion,  without  any  other  foap.  It  takes  out  fpots  of 
all  kinds,  rinfing  the  clothes  afterwards  in  fpring  wa- 
ter. 

If  you  grind  the  nut,  deep  the  meal  in  hot  water, 
and  then  mix  it  with  an  equal  quantity  of  bran,  both 
hogs  ai^  poultry  will  eat  it.  Both,  horfes  and  cows 
will  eat  the  nut  itfelf,  mixt  with  other  food. 

The  fago-tree  is  between  20  and  30  feet  high,  and' 
about  5 or  fix  round.  It  grows  in  the  Molucca  iflands. 
Its  outward  bark  is  about  an  inch  thick  ; under  this 
are  ligneous  fibres,  which  cover  a mafs  taf  a kind  of 
gummy  meal.  When  this  is  ripe,  a whitilh  dud  tran- 
fpires  through  the  leaves.  The  Malais  then  cut  down 
the  tree,  fcoop  out  the  mealy  fubdance,  dilate  it  with 
water,  and  drain  it  through  a fine  cloth.  It  afterwards 
gradually  dries  and  hardens,  and  will  keep  good  for 
many  years. 


Palm-trees  are 'male  and  female.  In  March  oi 
April,  when  the  (heaths  that  enclofe  the  young  cluf- 
ers  of  the  flowers  and  fruit  begin  to  open,  (at  which 
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arobes,  (an  arobe  is  28  pounds,)  and  each  arobe  is 
worth  feven  French  crowns. 

■ By  the  whole  account,  this  appears  to  be  a fpecies  of 
tea,  little  differing  from  fome  of  thofe  which  grow  in 
China.  The  leaf  is  a third  part  lefs  than  that  of  bo- 
hea-tea,  but  much  hardier ; for  it  bears  the  Englifh 
froft,  which  that  will  not.  Bohea-tea  has  a fmaller 
and  a darker  leaf  than  green  ; which  is  as  large  and  as 
bright  as  a bay-leaf,  and  endures  all  weathers.  All 
thefe  appear  to  be  of  a laurel  kind,  and  I doubt,  if 
laurel  or  bay  leaves  properly  cured,  would  not  equal 
any  of  them. 

The  coco-tree  grows  flrait,  without  any  branches, 
thirty  or  forty  feet  high.  Near  the  top  it  bears  twelve 
leaves,  each  ten  feet  long,  and  half  a foot  broad. 
Thefe  are  ufed  in  making  mats,  covering  houfes,  and 
for  many  other  purpofes.  Above  the  leaves  grows  a 
large  excrefcence,  in  the  form  of  a cabbage.  But  the 
taking  it  off  kills  the  tree.  Between  the  leaves  and  the 
■ top  grow  feveral  fhoots,  as  thick  as  a man’s  arm,  which 
when  cut,  yield  a white,  fweet,  agreeable  liquor, 
' ferving  as  wine,  and  equally  intoxicating.  Yet  at  the 
end  of  four  and  twenty  hours,  it  becomes  a ftrong  vine- 
gar. As  long  as  this  liquor  diftils,  the  tree  bears  no 
fruit;  but  when  thefe  fhoots  are  fuffered  to  grow,  it 
puts  forth  a large  bunch,  wherein  the  coco-nuts  are  to 
the  number' of  ten  or  twelve.  In  each  there  is  about 
half  a pint  of  clear,  cooling  water.  In  a little  while 
this  becomes  a white,  foft  pulp,  which  afterwards  con- 
' denfes  into  a nut.  The  tree  yields  fruit  thrice  a year. 

Some  of  the  nuts  are  as  large  as  a man’s  head. 

' . v 

The  cacao  tree  is  of  a middling  fize  ; the  wood  is 
porous,  the  bark  is  fmooth,  and  of  a cinnamon  co- 
lour. The  flower  grows  in  bunches  between  the  ftalks 
and  the  wood,  of  the  form  of  rofes,  but  without  fcent. 
The  fruit  containing  the  cacao  is  a fort  of  pod,  of  the 
••  • fize  and  fhape  of  a cucumber.  Within  this  is  a pleafant, 
acid  pulp,  which  fills  up  the  interftices  of  the  nuts  till 
they  are  ripe.  Then  they  lie  clofe  together,  -in  a regu- 
lar and  elegant  order.  They  have  a tough  fhell  j 
within  which  is  the  oily  fubftance,  whereof  the  choco- 
late is  made.  This  fruit  grows  differently  from  our 
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European -fruits,  which  always  hang  upon  the  fmall 
branches:  whereas  this  grows  along  the  body  of  the 
great  ones,  principally  at  the  joints.  None  are  found 
on  the  fmall ; a manner  of  vegetation  ftrange  here  ; 
but  which  prevails  in  feveral  other  plants  within  the 
tropics. 

- ; • - * . . ..  -i  . ■ 

The  tallow-tree,  which  grows  plentifully  in  China, 
is  about  the  height  of  a cherry-tree.  Its  bark  is  very 
fmooth,  and  its  leaves  of  a deep  Aiming  red.  Its  fruit 
grows  in  a pod,  like  a'chefnut,  confiding  of  three  white 
grains  : each  of  which  is  about  the  fize,  and  of  the 
form  of  a fmall  nut.  In  each  is  a little  done,  fur- 
rounded  with  a white  pulp,  in  confidence,  colour,  and 
even  fmelljike.  tallow.  And  this  it  is,  of  which  the 
Chinefe  in  general  make  their  candles. 

The  horfe  chefnut  contains  a faponaceous  juice,  ufe- 
ful  not  only  in  bleaching,  but  alfo  in  wafhing  linens 
and  duffs.  Peel  and  grind  them  ; then  the  meal  of 
twenty-nuts,  is  fufficient  for  ten  or  twenty  quarts  of 
water.  Either  linen  or  woollen  may  be  wafhed  in  the 
infufion,  without  any  other  foap.  It  takes  out  fpots  of 
all  kinds,  rinfing  the  clothes  afterwards  in  fpring  wa- 
ter. 

If  you  grind  the  nut,  deep  the  meal  in  hot  water, 
and  then  mix  it  with  an  equal  quantity  of  bran,  both 
hogs  ai^  poultry  will  eat  it.  Both  horfes  and  cows 
will  eat  tne  nut  itfelf,  mixt  with  other  food. 

The  fago-tree  is  between  20  and  30  feet  high,  and' 
about  5 or  fix  round.  It  growrs  in  the  Molucca  iflands. 
Its  outward  bark  is  about  an  inch  thick  : under  this 
are  ligneous  fibres,  which  cover  a mafs  bf  a kind  of 
gummy  meal.  When  this  is  ripe,  a whitiih  dud  tran- 
fpires  through  the  leaves.  The  Malais  then  cut  down 
the  tree,  fcoop  out  the  mealy  fnbdance,  dilate  it  with 
Water,  and  drain  it  through  a fine  cloth.  It  afterwards 
gradually  dries  and  hardens,  and  Will  keep  good  for 
many  years. 

Palm-trees  are  male  and  female.  In  March  or 
April,  when  the  (heaths  that  enclofe  the  young  cluf- 
ers  of  the  flowers  and  fruit  begin  to  open,  (at  which 
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tinge  the  dates  are  formed)  they  take  a fprig  of  the 
male  clufter,  and  infert  it  into  the  Iheath  of  the  fe- 
male ; or  elfe  take  a whole  clufter  of  the  male  tree, 
and  fprinkle  the  farina  of  it  over  feveral  clufters  of  the 
female.  Where  they  ufe  the  former  method,  one  male 
fuffices  to  impregnate  four  or  five  hundred  females. 

The  palm-tree  is  in  its  greateft  vigour  about  thirty 
years  after  tranfplantation,  and  for  feventy  years 
longer  bears  yearly  fifteen  dr  twenty  clufters  of  dates, 
each  of  fifteen  or  twenty  pounds  weight.  Afterward 
they  gradually  pine  away,  and  ufually  fall  about  the 
latter  end  of  their  fecond  century. 

To  procure  the  honey  of  the  palm-tree,  they  cut  off 
its  head,  and  fcoop  the  top  of  the  trunk  into  the  fhape 
€>f  a bafon.  The  fap  afcending  lodges  ir\  itiis  cavity* 
for  the  firft  ten  or  twelve  days,  three  quarts  or  a gallon 
a day.  Then  it  gradually  diminifhes,  till  in  fix  or 
eight  weeks,  the  juices  are  confumed,  and  the  tree  is 
fit  only  for  firewood.  This  liquor  is  a thin  firup,  of 
a more  lufcious  fweetnefs  than  honey.  > Hence  our 
Poet  mentions, 

" Fruit  of  palm-tree,  pleafant  to  our  thirft 
And  hunger  both 

Though  orre  would  imagine,  a liquor  of  that  kind, 
would  not  be  very  proper  to  quench  thirft. 

I find  of  the  number  of  Sicilian  plants,  fays  a late 
Writer,  the  cinnamon,  farfaparilla,  faffafras,  rhubarb, 
and  many  others  commonly  thought  not  to  be  natives  of 
Europe.  The  palma  Chrifti  too,  that  plant  fo  much 
celebrated  of  late,  from  the  feed  of  which  the  caltor  oil 
is  made,  grows  in  many  places  of  Sicily  in  the  greateft 
abundance.  Our  botanifts  have  called  it  Ricinus  Atne- 
ricanus,  fuppofing,  it  only  to  be  produced  in  that  part 
of  the  world. 

But  the  moft  uncommon  of  all  the  vegetable  pro- 
ductions of  Sicily,  are  fome  of  the  trees  that  grow-  on 
the  fides  of  Mount  iEtna.  Three  of  thefe  are  nearly 
of  one  fize ; but  one  is  rather  taller  than  the  other  two. 
It  rifes  from  one  folid  Item  to  a confiderable  height ; 
after  which  it  branches  out.  I meafured  it  about  two 
feet  from  the  ground,  and  found  it  feventy-fix  feet 
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#ound.  All  thtefe  grow  on  a thicks  rich-  firff,  forraedF 
originally  of  afltes  thrown  out  by  the  mountain. 

' v v « \ 

The  balfam  tree  grows  on  rocks,-  and  frequently  ofl 
the  limbs  or  trunks  of  other  trees.  This  is  occafioned 
by  birds  fcattering  or  voiding  the  feeds,  which  being 
glutinous,  like  thofe  of  mi  ft  le  toe,  take  root  and  grow :: 
but  not  finding  fufficient  nourifhment,  the  roots  fpread 
on  the  bark  till  they  find  a decayed  hole  wherein  is 
fome  foil.  Into-  this  they  enter  and  become  a tree. 
But'  the  nourifliment  of  this  fecond  fpot  being  ex- 
haufted,  one  or  two  of  the  roots  pafs  out  of  the  hole,- 
and  fall  dire&ly  to  the  ground,  though  at  forty  feet 
diftance.  Here  again  they  take  root)  and  become  a- 
much  larger  tree  than  before.  They  flourifh  on  the 
Bahama  Iflands,  and  many  other  of  the  hot  parts  of 
America. . 

In  - Italy  are  many  coppice  woods,  of  what  our 

fardeners  call  the  flowering  afti.  Manna  is  procured 
y piercing  the  bark,  and  catching  the  fap,  as  we  do 
that  of  birch  trees,  to  make  birch  wine.  It  begins  to 
run  in  the  beginning  of  Auguft,  and  in  a dry  feafon,- 
runs  for  five  or  fix  weeks.  But  we  have  no  need  to  be 
beholden  to  the  king  of  Naples  ;•  for  the  tree  grows  as 
Well  in  England  as  in  Italy.  What  ftupidity  is  it  then, 
to  import,  at  a large  expenfe,  what  we  may  have  at 
our  own  doors  ? The  leaves  of  this  tree  are  the  proper 
fena,  and  better  than  any  brought  from  Apulia. 

Peruvian  bark  comes  front  a tree,  about  the  bignefs 
of  a plumb-tree.  Its  leaves  are  like  ivy,  and  are  always 
green.  It  is  gathered  in  autumn,  the  riiid  is  taken  off 
all  round,  both  from  the  boughs  and  the  tree,  and 
grows  again  in  four  months.  It  bears  a fruit,  not  un- 
like a chefnut,  except  its  outward  (hell.  This  Ihell  is- 
properly  called  China-China,  and  is  efteemed  by  the 
natives,  far  above  the  bark,  which  is  taken  from  the 
trunk  or  boughs.  And  it  feems  this  only  was  in  ufe, 
till  the  demand  for  it  £o  increafed. 

✓ 

The  tree  which  produces  cotton  is  common  in  fe- 
Veral  parts  both  of  the  Eaft  and  Weft  indies.  The 
fruit  is  oval,  about  the  fize  of  a nut*  A&  it  ripens,  the 
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outfide  grow^black,  till  opening  in  feveral  places  by 
the  hea,t  of  the  fun,  it  difcovers  the  cotton,  of  an  ad- 
mirable whitenefs.  But  as  fine  cottonis  now  made  in 
Ireland  from  flax*  as  ever  grew  on  the  cotton-tree. 

Jr  4 y * . v 4» 

Pepper  grows  on  a fiirub  in  feveral  parts  of  the 
Eaft  Indies,  which  is  of  the  reptile  kind  ; and  for  that 
leafon  is  ufually  planted  at  the  foot  of  fome  larger 
tree.  It  grows  in  clutters,  which  at  firft  are  green. 
As  the  grains  ripen,  they  grow  reddilh  ; and  after  be- 
ing expofed  awhile  to  the  fun,  become  black.  To 
make  white  pepper,  they  moitten  it  with  fea-water,. 
and  then  expofmg  it  to  the  fun,  diveft  the  grains  of 
the  outer  bark,  which  of  confequence  leaves  them 
white. 

The  tree  that  bears  Jamaica  pepper,  is  about  thirty 
feet  high,  and  covered  with  a grey,  lmooth,'  finning 
bark.'  It  ftioots  out  abundance  of  branches,  which 
bear  large  leaves,  like  thofe  of  the  bay-tree.  At  the 
very  end  of  the  twiggs  grow  bunches  of  flowers,  each 
ftalk  bearing  a flower  which  bends  back.  To  thefe 
fucceeds  a bunch  of  berries,  larger  when  ripe  than  ju- 
niper-berries. They  are  then  black,  fmooth,  and  lhin- 
ing  ; but  they  are  taken  from  the  tree  when  unripe,  and 
dried  in  the  fun.  They  have  a mixed  flavour  of  many 
kinds  of  fpice,  and  hence  they  are  called  allfpice. 

, j • ^ 

The  plant  which  affords  ginger,  refembles  our 
reed,  both  in  its  ftem  and  leaves.  The  root  fpreads 
itfelf  near  the  furface  of  the  ground,  in  form  not  un- 
like a man’s  hand.  When  it  is  ripe  they  dig  it  up, 
and  dry  it  either  in  the  fun,  or  in  an  oven. 

. Nutmegs  are  enclofed  in  four  different  covers : the 
firft,  thick  and  flefhy,  like  that  of  our  walnuts:  the 
fecond  is  a thin,  reddifli  coat,  of  an  agreeable  fmell, 
called  mace.  The  third  is  a hard  blackifli  (hell.  The 
fourth  is  a greenifli  film.  In  this  the  nutmeg,  is  found, 
which  is  properly  the  kernel  of  the  fruit.  ^ 

The  wild-pine,  as  it  is  called,  is  a wonderful  in- 
flancepf  the  wife  providence  of  God.  The  leaves  of 
it  are  channelled,  to  catch  and  convey  water  into  their 
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refervotrs.  Thefe  refervoirs  are  fa  made,  as  to  con- 
tain  much  water.  And  they  clofe  at  the  top  when  they 
are  full*  to  hinder  its  evaporation.  Thefe  plants  grow, 
on  the  arms  of  the  trees  in  the  woods,  as  alfo  on  the 
bark  of  their  trunks*  Another  contrivance  of  nature 
in  this  vegetable  is  very  admirable.  The  feed  has 
many  long  and  fine  threads,  , that  it  may  be  carried 
every  where  by  the  wind,  and  that  by  thefe,  when 
driven  through  the  boughs,  it  may  be  held  faft,  and 
ftick  to  the  arms  or  trunks  of  trees.  As  foon  as  it 
fprouts,  although  it  be  on  the  under  part  of  a bough* 
its  leaves  and  ftalk  rife  perpendicular,  becaufe  if  it  had 
any  other  pofition,  the  cittern  made  of  hollow  leaves 
could  not  hold  water;  In  fcarcity  of  water*  this  re- 
fer voir  is  not  only  neceflary  and  fufficient  for  the  plant 
kfelf,  but  like  wile  ufeful  to  men,  birds  and  infedls. 
Hither  they  then  come  in  troops,  and  feldom  go  away 
without  refrettiment. 

Thefe  leaves  will  hold  a pint  and  a half,  or  a quart  of 
rain-water.  When  we  -find  thefe  pines,  fays  Captain 
Dampier,  we  ftick  our  knives  into  the  leaves,  juft  above 
the  root;  and  that  lets  out  the  water*  which  we  catch 
in  our  hats,  to  our  great  relief* 

The  fame  providential  defign  is  anfwered  by  the 
water-withy  of  Jamaica*.  This,  which  is  a kind  of  vine, 
grows  on  dry  hills  in  the  woods,  where  no  water  is  to 
be  found.  Its  trunk,  if  cut  into  pieces,  two  or  three 
yards  long,  and  held  by  either  end  to  the  mouth,  af- 
fords a limpid,  innocent  and  refrelhing  fap,  as  clear  as 
water  : and  that  in  fo  great  abundance,  as  gives  new 
life  to  the  weary  and  thirfty  traveller. 

, 

$.n  admirable  inftance  of  the  fame  good  providence 
we  have  in  the  fountain  tree,  Which  grows  op  Hierro, 
one  of  the  Canary  Iflands.  In  the  rocky  cliff  which 
furrounds  the  ifland,  is  a narrow  gutter,  which  begins 
at  the'  fea,  and  continues  to  the  fummit  of  the  cliff,, 
where  it  falls-  into  a valley,  which  is  bounded  by  the 
fteep  front  ©f  a rock.  On  the  top  of  this  grows  a treer 
which  has  continued  many  years.  Its  leaves  con- 
ftantly  diftil  as  much  water  as  is  fufficient-  for  the 
drink  of  every  living  creature  on  the  ifland..  It  (lands 
by  itfelf  a league  and  a half  from-  the  fea„  and;  no  one- 
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Enows  or  what  fpecies  it  is.  Its  trunk  is  about  nine 
feet  round,  its  diameter  about,  three.  It  is  thirty  feet 
high  ; the  circumference  of  all  the  branches  together  is 
about  ninety.  The  branches  are  thick,  the  lowed  of 
them  is  about  an  ell  from  the  ground.  Its  fruit  re- 
fembles  an  acorn,  its  leaves  refemble  thofe  of  the  lau- 
rel, but  are  longer  and  broader.  They  come  forth  in 
perpetual  fucceffion,  fo  that  the  tree  is  always  green. 
On  the  north  fide  of  it  are  two  cifterns  of  rough  ftone, 
each  fifteen  feet  fquare,  and  twelve  deep  : one  of 
which  contains  water  for  the  drink  of  the  inhabitants, 
the  other,  for  their  cattle  and  all  other  purpofes/ 

Every  morning,  near  this  part  of  the  ifland,  a mid 
tifes  from  the  fea. . This  the  fouth  and  eafterly  winds 
drive  againft  the  forementioned  cliff,  which  it  gradually 
afcends,  and  thence  advances  to  the  end  of  the  valley* 
Being  flopped  there  by  the  front  of  the  rock,  it  reds 
upon  the  leaves  and  branches  of  the  tree,  whence  it 
diftils  the  remainder  of  the  day. 

But  trees  yielding  water  are  not  peculiar  to  the 
ifland  of  Hierro.  One  of  the  fame  kind  grows  on  the 
Ifland  of  St.  Thomas,  in  the  gulf  of  Guinea.  And 
*)f  the  fame  nature  is  that  near  the  mountains  of  Vera 
Pogz,  whereof  we  have  the  following  account  in 
Cockburne’s  Voyages. 

“ In  the  morning  of  the  fourth  day,  we  came  out 
en  a large  plain,  in  the  midft  of  which  flood  a tree  of 
an  unufual  fize.  Itstrunk  wasabove  five  fathoms  round ; 
the  foil  it  grew  on  was  very  ftony.  And  on  the  niceft 
inquiry  we  could  afterwards  make,  both  of  the  Spa- 
niards and  the  natives,  we  could  not  learn,  that  any 
other  fuch  tree  had  been  known  in  all  New  Spain. 

“ Perceiving  the  ground  under  it  wet,  we  were  fur- 
prifed,  knowing  that  according  to  the  certain  courle  of 
the  feafon  in  that  latitude,  there  had  no  rain  fallen  for 
Jix  months,  and  that  it  could  not  be  owing  to  the  dew, 
for  this  the  fun  entirely  dried  up,  in  a few  minutes  after 
its  xifing.  At  lad,  to  our  great  amazement,  as  well  as 
joy,  we  perceived  water  dropping  from  the  end  of 
every  leaf ; after  we  had  been  labouring  four  days 
through,  extreme  heat,  and  were  almod  expiring  for 
third,  we  could  not  look  upon  this,  but  as  liquor  fent 
from  Heave#*  to  relieve  tus  ia  our  extremity.  We 
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Catched  it  in  cur  hands, * and  drank  fo  plentifully,  that 
we  could  fcarce  tell  when  to  give  over/* 


The  manchineel  apple  is  moft  beautiful  to  the  eye, 
agreeable  to  the  fmell,  andpleafant  to  the  tafte,  but  the 
whole  tree  is  lo  poifonous, -that  the  wood  of  it  while 
green,  if  rubbed  againft  the  hand,  will  raife  blitters. 

The  wood  is  good  for  tables,  cabinets,  and  all  other 
curious  work.  But  the  virulent  nature  of  the  fap,  calls 
for  great  caution  in  felling"  the  tree.  I was  cutting 
down  one  of  them,  fays  Mr.  Cateffiy,  when  fome  of  the  * 
milky  juice  fpurting  in  my  eyes,  I was  two  days  totally 
blind,  my  eyes  and  face  being  much  fwelled.  - For  four 
and  twenty  hours,  I felt  a violent  pricking  pain,  which" 
then  gradually  abated. 

Indeed  it  is  reported,  and  generally  believed  of  this" 
tree,  that  the  wound  of  an  arrow  dipped- m its. juice  is* 
mortal,  that  the  rain -which- -waflies  the  leases,  will  raife 
blitters  on  the  fkin  and  that  even  its  lhadow  is  fo  nox-  " 
ious,  that;  the  bodies  of  thefe  that  fleep  under  k fvvell.  - 
Yet  a pregnant  woman  ate  three  of  the  apples  with-' 
out  any  inconvenience  ; and  a robuft  man  of  about  for- 
ty-five  years  of  age,  ate  more  than  two  dozen  without 
being  difordered  more  than  twenty-four  hours.  About 
an  hour  after  he  had  eaten  them,  his  belly  fwelled,  and 
he  complained  of  a burning  heat  in  his  bowels.  He 
could  not  keep  his  body  m afi  ere<5  pofture : his  lips 
were  ulcerated,-  and  he  was*  feized  with  cold  fweats  ; 
but  he  was  relieved  from  all  thefe  fymptoms  by  a de-  ' 
ccr&ion  of  the  leaves  of  ricinus,  the  avellana  purgatrix,> 
in  water,  which  being  drank  plentifully,  prod  uced  a vio- 
lent vomiting  and  purging,  for  four  hours,  after  this  he 
was  made  to  walk  about,  and  fome  rice  gruel  perfected ' 
the  cure. 


The  negroes  in  Africa  ufe  a poifon  of  an  extraordi- 
nary nature.  The  dofe  is  very  fmali,  and  hath  no  ill 
tafte.  The  fymptoms  are  various,  according  as  the  V 
dofe  is.  It  kills  fometimes  in  a few  hours,  fometimes 
in  months  ; at  others,  in  fome  years.  If  a great  quan- 
tity is  given,  death  follows  in  fix  or  l’even  hours.  (The 
negroes  turn  white.)  If  the  dofe  is  but  fmali,  the  fick 
lofes  his  appetite,  feels  pain  in  his  head,  arms  and  limbsr 
a wearinefs  all  over,  fqtenefs  in  his  breaft,  difficulty  in 
breathing,  and  at  laft  dies  languifhing.  Probably  it  is 
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the  fafne  poifon  which  is  ufed  in  Spain  and  Italy.  This 
hath  but  one  fpecific  antidote,  the  knowledge  of  which 
a famous  negroe-prifoner,  was  at  length  perfuaded  t( y 
impart.  The  antidote  is  the  root  of  tne  fenfitive  plant. 
Take  none  of  the  root  but  what  is  in  the  ground  ; 
wafti  it  well,  and  fplit  it  in  two.  Take  a good  handful 
of  thefe  fplit  roots  ; fteep  them  in  three  quarts  of  fair 
water,  in  an  earthen  glazed  pot,  having  a cover.  Ufe 
but  a moderate  fire,  that  it  may  boil  gently.  The  de- 
covftion  has  rid  ill  tafte ; you  may  add  fugar,  as  you 
think  beft.  Give  the  patient  a good  glafs  of  this  de- 
co<flion  as  warm  as  he  can  drink  it ; an  hour  after  give 
another,  and  fo  for  fome  time,  till  you  make  a perfect 
cure.  There  is  no  danger  of  giving  too  much,  it  can 
do  no  harm  at  all.  . 

* " 

In  the  valley  of  the  Lancy,  which  runs  between  the 
mountains  of  Juria,  grows  a plant  like  the  doronicum, 
near  the  roots  whereof  is  found  pure  quick-filver,  run- 
ning in  fmall  grains  like  pearls.  One  would  not  ima- 
gine the  plant  had  any  influence  on  this,  but  for  the 
following  experiment.  Exprefs  the  juice : expofe  it  to 
the  air  in  a clear  night,  and  there  will  be  found  as  much 
mercury  as  there  is  loft  of  juice. 

\ - • \ / •• 

But  of  all  produ<£Hons  of  the  vegetable  kind,  there  is 
none  more  remarkable  than  the  aloe.  It  grows  ex« 
ceeding  flowly.  But  the  flownefs  of  its  growth  is  af- 
terwards compenfated  by  the  bulk  to  which  it  arrives, 
the  velocity  with  which  it  fhpots,  and  the  prodigious 
number  or  flowers  it  produces,  which  ordinarily 
amount  to  feveral  thoufands.  It  ufually  takes  up  three 
months.  May,  June,  and  July,  from  the  firft  budding 
of  the  ftem,  to  the  finifhing  of  the  flowers.  There  are, 
however,  exceptions  to  this  rule.  The  aloe  in  the  gar- 
den of  Cardinal  Farnefe,  at  Rome,  fhot  up  in  the  fpace 
of  one  month,  to  the  height  of  twenty-three  feet.  Ano- 
ther at  Madrid  grew  ten  feet  in  one  night,  and  twenty- 
five  more  in  the  night  following. 

The  progrefs  of  the  Venetian  aloe,  in  the  garden  of 
Signior  Papatava,  was  as  follows.  It  began  to  flloot 
Us  ftem  on  the  20  th  of  May,  which  by  the  19th  of  June, 
was  rifen  four  paduan  feet  and  an  inch.  On  the  24th 
it  had  gained  ten  inches  more,  and  on  the  29th  eight 
s ~ - - more, 
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more,  on  which  day  It  began  to  emit  branches.  On 
the  6th  of  July  it  had  gained  one  foot  one  inch : on 
the  17th  one  foot  eight  inches  more^  on  the  7th  of 
Auguft,  one  foot  and  a half.  From  that  day  to  the 
30th,  it  grew  very  {lowly,  but  continued  emitting 
* branches  and  flowers.  The  trunk  was  at  the  bottom  a 
foot  thick  ; the  branches  were  twenty-three  in  number. 
On  the  top  of  each  was  a knot  or  collection  of  flowers* 
On  each  of  the  fir  ft  branches  there  were  a hundred  and 
twelve  : on  others  a hundred  and  ten,  and  on  others  a 
hundred.  They  yielded  little  fmelU  but  what  was  of 
it  was  agreeable. 

When  the  tree  has  once  flowered*  it  quickly  dies,  be*- 
ing  quite  exhaufted  by  To  copious  a birth.  They  fel*- 
dom  flower  till  they  are  of  a confiderable  age,  when 
they  are  of  a large  fize  and  a great  height.  As  foon 
as  the1  flower-ftem  begins  to  ihoot  from  the  middle  of 
the  plant*  it  draws  all  the  noufifhment  from  the  leaves, 
fb  that  as  that  advances,  thefe  decay.  And  when  Lhe 
flowers  are  fully  blown,  fcarce  any  of  the  leaves  re- 
main alive.  But  whenever  this  happens,  the  old  root 
fends  forth  a numerous  quantity  of  offsets  for  in  create. 

Perhaps  there  is  fcarce  any  plant  in  the  creation  which 
is  of  fo  general  ufe.  The  wood  of  it  is  firm,  and 
ferves  for  fences,  and  for  the  ufe  of  the  carpenter.  The 
leaves  make  coverings  for  houfes : the  firings  and 
fibres  ferve,  in  the  room  of  hemp,  flax,  and  cotton.  Of 
the  prickles  are  made  nails  and  awls,  as  alfo  pins  and 
needles.  Andfrom  a large  aloe,  when  rightly  tapped, 
may  he  drawn  three  or  four  hundred  barrels  of  juice, 
which  by  diftillation  grows  fweeter  and  thicker  till  it 
-becomes,  fugar. 

. If  there  be  a more  beautiful  flower  than  that  of  the 
aloe,*  it  grows  on  a fpecies  of  cereus  (or  prickly  pear, 
as  they  call  it,  in  America)  which  grows  well  in  our 
ftoves  i about  the  middle  of  July  the  flower  is  grown 
to  its  bignefs.  Till  then  it  appears  like  a bit  of  wool 
on  a dead  ftemu  It  ufually  begins  to  opeirabout  five 
in  the  evening,  is  full  blown  about  eight,  and  continues 
fo  till  about  four  the  next  morning.  . It  then  gradually 
clofes,  and  is  fhut  up  about  fix  o’clock,  covered  with  a 
cold  moifture.  . The  calyx  or  empalement  is  a foot  di- 
ameter,  divided  into  fixty  fegments  \ the  outfide  of  a 
fine  gold  colour,  the  infide  of  a fplendid  yellow,  fpread- 
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ing  like  the  rays  of  a ftar.  The  petals  are  about  thirtyy 
m form  of  a cup,  of  a pure  white.  There  is  one  ffyle' 
furrounded  by  a great  number  of  ftamina.  It  fends 
forth  a very  fragrant  perfume,  like  the  gum  benjamin 
while  in  bloffom  ; the  empalement  and  petals  open  one 
by  one'  with  great  elafticity. 

There  is  not  in  nature  any  flower  of  greater  beauty, 
or  that  makes  a more  magnificent;  appearance.  What 
pity,  that  it  is  only  an  ephemeron ! literally  the  crea- 
ture of  a day ! 

It  has  been  before  obferved,  That  as  all  animals  are 
from  eggs,  fo  all  vegetables  are  from  feeds.  But 
many  have  fuppofed  there  is  one  fort  of  vegetable, 
which  is  an  exception  to  this  : namely  mufhrooms,  the 
feeds  whereof  have  been  long  fought  in  vain.  And  it 
is  certain,  if  you  only  range  in  April,  baits  of  horfe 
dung,  as  big  as  one’s  fift,  in  lines  three  feet  diftant  from* 
each  other,  and  one  foot  under  the  ground,  covering 
them  all  over  with  mould,  and  that  again  with  horfe 
dung,  in  the  beginning  of-Auguft  the  upper  pieces  of 
dung  will  begin  to  grow  white : being  covered  with 
fine  white  threads,  woven  about  the  ftraws  whereof  the 
dung  is  compofed.  By  degrees  the  extremities  of  thefe 
threads  grow  round  into  a kind  of  button  : which  en- 
larging itfelf  by  little  and  little,  at  length  forms  itfelf 
into  a mufhroom.  At  the  foot  of  each,  when  at  its 
full  growth,  is  an  infinity  of  little  ones.  The  white 
threads  of  the  dung  preferve  themfelves  a long  time 
without  rotting,  if  kept  dry.  And  if  they  are  laid 
again  in  the  ground,  they  will  produce  new  mufh- 
rooms. j 

“ Are  thefe  then  any  thing  elfe  than  the  mouldinefs 
or  putrefaction  of  horfe-dung  Yes  certainly.  In~ 
deed  all  mouldinefs,  fo  called,  is  a congeries  of  very 
fmall  plants.  And  thefe  in  particular,  like  other  plants, 
have  their  origin  from  feeds.  But  before  the  feeds  can 
vegetate,  there  are  required,  certain  juices,  proper  to 
penetrate  their  coats,  to  excite  a fermentation  in  them, 
and  to  nourifli  the  minute  parts  thereof.  Hence  arifes 
that  vaft  diverfity  of  places ; wherein  different  forts  of 
this  plant  are  produced.  Some  will  only  grow  on 
other  parti cuiar  plants,  whofe  trunk  or  roots  have  the 
juices  proper  fox  them.  Nay,  there  is  one  fort  which 
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grows  only  on  the  fillets  and  bandages  of  the  patients 
in  the  hofpital  at  Paris.  It  is  not  therefore  at  all  fur- 
prifing  that  horfe-dimg*  fhould  bp  a fit  foil  for  com- 
mon mulhrooms.  It  is  probable  the  feeds  of  thefe  are 
fpread  in  numberlefs  places,  well  nigh  throughout  the 
whole  earth.  And  the  fame  may  be  faid  concerning 
the  feeds  of  many  plants,  as  well  as  the  eggs  of  many 
infers : more  efpecially  of  thofe  which  are  fo  minute, 
that  we  can  fcarce  difcern  them  even  with  glaffes  : fee- 
ing the  fmaller  they  are,  the  more  eaiily  may  the  leaft 
wind  convey  them  hither  and  thither.  So  that  in  truth 
the  earth  is  full  of  an  inconceivable  number  both  of  ani- 
mals and  vegetables,  perfe&ly  formed  in  all  their  parts, 
and  defigned  as  it  were  in  miniature  ; only  waiting  for 
certain  favourable  circumftances  to  enable  them  to 
make  their  appearance  at  large.  How  rich  then  mu  ft 
that  hand  be,  which  hath  fown  them  with  fb  much  pro- 
fufion ! 


It  may  not  be  improper  before  concluding  this  head, 
to  defer ibe  one  more  fpecies  of  fea-plants.  Coral  grows 
chiefly  in  grottoes,  which  open  to  the  fouth,  and  whofe 
concave  arch  is  nearly  parallel  to  the  furface  of  the 
earth.  It  will  not  grow  at  all,  but  where  the  fea  is 
quiet  as  a pond.  It  vegetates  the  contrary  way  to  all 
other  plants  ; its  root  adhering  to  the  top  of  the  grot- 
to, and  its  branches  (hooting  downward.  The  root 
takes  the  exact  form  of  the  folid  it  grows  to,  and  co- 
vers it  (as  far  as  it  goes)  like  a plate:  and  this  is  a 
probable  proof,  th^t  its  fubftance  was  originally  fluid. 
Accordingly  corals  fometimes  line  the  infide  of  a fhell, 
'which  they  could  not  have  entered  but  in  a fluid  form. 
All  its  oYganifm,  with  regard  to  vegetation,  feems  to 
confift  in  its  rind,  in  the  little  tubes  whereof  the  juice 
runs  to  the  extremities  of  the  branches.  And  this  juice 
petrifying  both  in  the  cells,  that  encompafs  the  coraline 
fubftance,  and  in  thofe  at  the  extremity  of  the  branches, 
whofe  fubilance  is  notj  yet  formed,  by  this  means  en- 
larges the  plant  to  its  full  di mentions,  both  in  height 
and  bulk.  It  is  vulgarly  believed,  .that  coral  is  foft 
while  iri  the  water.  But  experiment  proves  the  con- 
trary. 
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It  is  obfervable  that  all  fea-plants,  (except  the  alga) 
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are  without  roots.  Nor  have  they  any  longitudinal* 
capillary  fap-veftels,  through  which  rooted  plants  draw 
jiourilhment  to  every  part.  But  the  whole  fubftance 
of  fea-plants  is  compofed  of  veficles,  which  receive 
their  nourifhment  immediately  from  the  furrounding 
-water.  Confequently  they  can  have  no  circulation  of 
the  fap,  having  no  veffels  to  convey  it  from  one  end  of 
the  plant  to  tire  other* 

2.  Many  phyficians  affirm.  That  fugar  is  unwhole- 

fome,  and  nioft,  that  it  deftroys  the  teeth.  But  how 
will  this  agree  with  the  following  account  ? “ My 

grandfather*  fays  Dr.  Slare,  took  as  much  fugar  as  his 
butter  fpread  upon  bread  would  receive  for  his  daily 
breakfaft.  He  put  fugar  into  all  his  ale  and  beer,  and 
into  all  the  fauces  he  ufed  to  his  meat.  At  eighty 
years  old  he  had  all  his  teeth  ftrong  and  firm  (having 
never  had  the  tooth-ache ) and  never  refufed  the  hardeft. 
cruft.  In  his  82d  year  one  of  his  teeth  came  out,  and 
in  two  or  three  years  all  the  reft.  But  others  filled  up 
their  room,  and  in  a Ihort  time  he  had  a new  fet  quite 
round.  His  hair  alfo  from  very  white  Became  dark. 
He  continued  in  health  and  ftrength,  and  died  without 
any  difeafe,  in  his  ninety-ninth  or  hundredth  year.” 

3.  It  is  not  only  from  the  canes  that  fugar  is  extract- 
ed. In  New-England  much  of  it  is  . made  from  the* 
juice  of  the  upland  maple.  They  firft  make  a hole  in, 
the  tree,  within  a foot  of  the  ground,  fhelving  inwar dr 
fo  as  to  hold  about  a pint.  Then  they  tap  this  hole,  and 
by  a reed  draw  off  the  liquor  into  a vefleL  A large 
tree  will  yield  between  the  beginning  of  February  and 
the  end  of  April  twenty  gallons  of  juice..  A gallon  in, 
boiling  fixteen  hours  is  reduced  to  three  pints,  and- 
yields  more  than  two  pounds  of  fugar, which  our  phy- 
ficians  prefer  to  all  other  for  medicinal  ufes. 

4.  MolafTes  likewife  may  be  procured  without  fugar- 
canes.  This  was  difcovered  a few  years  ago,  by  Mr^ 
Chandler,  of  Woodftock,.  in  New-England,  an  inland 
town,  where  the  common  molafles  is  fcarce  and  dear.  * 
Ever  fince  both  he  and  his  neighbours  fupply  them— 
felves  with  it,  out  of  their  own  orchards.  The  apple  ^ 
that  produces,  it,  is.  a fummer  fweeting,,of  a middling 
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fize,  and  full  of  juice.  They  grind  and  prefs  the  ap- 
ple, and  then  gently  boil  the  juice  for  about  fix  hours* 
In,  that  time  it  comes  to  the  fweetnefs  and  confift* 
ency,  and  anfwers  all  the  purpofes  of  other  molaffes. 

5.  There  is  one  fea-produ£ion,  if  it  may  be  fo 
termed,  that  is  not  commonly  under  ftood.  Some  have 
maintained,  that  ambergris  was  a fubftance  naturally 
bred  in  one  fpecies  of  whales,  in  a bag  three  or  four 
feet  long.  But  this  bag  is  in  truth  only  the  bladder  of 
the  whales,  and  the  fuppofed  ambergris  is  only  a cal* 
cuius  of  the  bladder.  The  largeft  or*  tliefe  ever  found 
in  a whale,  weighed  twenty-one  pounds.  But  pieces 
of  ambergris  have  been  found,  which  were  fix  feet 
long,  and  weighed  above  ISO  pounds. 

It  feems,  1.  That  ambergris,  like  yellow  amber, 
comes  out  of  the  earth  into  the  fea.  2.  That  it  comes 
not  like  napththa,  but  in  a thicker  vifcid  and  tenacious 
confidence.  3.  That  in  the  firft  formation  thereof,  a 
liquid  bitumen  or  napththa  is  mixed  with  it.  4.  That 
large  pieces  may  be  generated  at  the  fame  time  ; but 
ufually  a fmall  one  rifes  firft,  to  which  another  foon  ad- 
heres, and  fo  more  and  more,  forming  irregular  figures* 
under  which  it  is  foft,  fo  that  various  fubftances  ftick  _ 
to  it : but  it  gradually  hardens  to  the  confiftence  of 
wax. 

However,  one  would  not  be  pofitive  as  to  the  man- 
ner of  its  generation.  For  who  can  explain  in  what 
manner  amber  is  produced  i Or  how  metals,  femi- 
metals,  precious  ftones,  and  innumerable  other  mineral 
fubftances  are  generated  ? We  know  what  they  are, 
j but  how  they  are  formed,  we  know  not  with  any  de- 

„ gree  of  certainty. ' \ * * 

6.  The  principle  of  corruption  in  plants  and  animals, 
is  probably  the  very  fame,  which  during  a ftate  of 
circulation,  is  the  principle  of  life  : namely  the  air, 
which  is  found  in  confiderable  quantities,  mixed  with 
all  forts  of  fluids.  This  has  two  very  different  motions  ; 
an  expanfive  one,  arifing  from  its  natural  elafticity,  by 
which  it  gives  their  fluids  an  inteftine  motion,  and  gra- 
dually extends  the  parts  that  contain  them  ; and  a pro- 
greflive  motion.  It  does  not  appear  that  this  is  effen- 
tial  to  it.  Rather  it  is  occafioned  by  the  refiftance  of 

the 
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the  folid  parts.  This  reftraining  its  expanfion;  obliges 
it  to  take  the  courfe  that  is  more  free  and  openy  which 
is  through  the  veffels  of  plants  and  animals. 

When  this  courfe  is  flopped,  the  expanfive  motlom 
remains,  and  ftill  continues  to  aft,  till  it  has  fo  fully 
overcome  the  including  bodies,  as  to  bring  itfelf  to  the 
fame  degree  of  expansion  with  the  outward  air.  But 
this  it  cannot  do,  without  deftroying  the  texture  and 
continuity  of  thofe  folids,  which  we  call  corruption. 

The  deftruCtive  quality  of  the  air  is  promoted,  either 
by  weakening  the  tone  or  cohefion  of  the  including 
parts;  as  when  fruit  is  bruifed,  which  corrupts  in  that' 
part  much  fooner  than  in  the  others  ; or  by  in  creating  ' 
the  expanfive  force  of  the  air,  by  beat,  or  fome  other 
co-operating  circumftance. 

And  certainly  there  is  no  corruption  or  putrefaction*- 
without  air.  Hence  either  vegetable  or  animal  bodies 
buried  deep  in  the  earth  or  water,  remain  for  ages  en- 
tire, which  when  expofed  to  the  air,  quickly  moulder 
away.  - And  hence  fuch  vegetables  as  are  moft  apt  to 
putrify,  remain  unchanged  in  vacuo. 

Yet  various  experiments  feem  to  fflew,  that  air  muft 
be  impregnated  by  water,  before  it  can  occafion  putre* 
faction,  either  in  animal  or  vegetable  fubftances.  For 
take  a pound  of  frefh  fiefh,  and  keep  it  m a moderate 
heat,  and  it  will  thoroughly  putrify  in  a few  days.  But 
if  you  firft  extract  the  moiftnre,  it  will  harden  like  a* 
~ itone.  And  it  may  then  be  kept  for  ages,  without  any 
putrefaction.  Even  blood,  if  you  deprive  it  of  its  was- 
try part  may  be  kept  for  fifty  years.  But  if  you  then 
diffolve  it  in  water,  and  place  it  in  a.  gentle  warmth,  it 
h will  putrify  immediately.  ^ 

The  procefs  of  putrefaction  may  be  learned  from  am 
eaiy  experiment.  Take  the  green,  juicy  parts  of  any 
frefh  vegetable,  throw  them,  together  in  a large  heap, 
in  a warm  air,  and  lay  a weight  upon  them.  The  mid- 
dle part  of  the  heap  will  foon  conceive  a fmall  degree 
of  heat.  It  will  come  hotter  and  hotter,  till  it  comes 
to  a boiling  heat*  and  is  perfectly  putrified. 

In  three  days  from  the  firft  putting  them  together 
the  heat  will  equal  that  of  a human  body  in  health. 
By  the  fifth  day  the  heat  will  be  fuch  as  the  hand,  can 
hardly  bear.  By  the  feventh  or  eighth,  all  the  juices 
are  generally  ready  to  boil.  Sometimes  the  matter  will 

even* 
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even  flame,  (as  does  meift  hay)  till  it  burns  away.  But 
commonly  it  acquires  a cadaverous  tafte  and  fmell,  and 
turns  into  one  foft,  pulpy  mafs,  much  refembling  * 
human  excrements  in  the  fcent,  and  putrified  flefh  in 
the  tafte. 

If  this  be  diftilled,  there  will  come  from  it*  1.  An 
UrinoUs  {pint,.  perfectly  like  that  obtained  from  animals, 
and  feparable  by  frefh  diftillation  into  pure  water  J and 
a large  quantity  of  white,  dry,  volatile  fait,  not  to  be 
diftinguiftied  from  animal  falts.  2.  An  oily  fait*  which 
fhoots  into  globes.  3.  A thick  faetid  oil,  both  which  are 
Entirely  like  thofe  of  animals.  4*.  The  remainder  being. 
Calcined  in  an  open  fire  yields  not  the  leaft  particle  ot 
fixed  fait : juft  as  if. the  fubjedt  had  been  of  the  animal, 
liOt  the  vegetable  kingdom.  And  this  procefs  holds 
equally  in  all  kinds  of  vegetables,  though  of  ever  fb 
different  natures.  Yea,  in  dry  vegetables,  fo  they  be 
moiftenedLby  water,  before  they  are  thrown  into 
heaps. 

By  this  means  the  difference  between  one  vegetable 
aftid  another  is  entirely  taken  away.  By  thrsprocefr,  they 
are  all  reduced  to  one  common  nature : fo  that  worm* 
wood  for  example,  and  fage,  become  one  and  the  fame 
thing.  Nay,  by  this  means  the  difference  between  vege- 
tables and  animals  is  quite  taken  away  \ putrified  vege- 
tables being.no  way  diftinguifhable  from  putrified  flefh. 
Thus  is  there  an  eafy  reciprocal  tranfition  of  animal 
into  vegetable,  and  vegetable  into  aninial. 

So  true  it  is,  that  matter,  as  matter,  has  no  concern, 
in  the  qualities  of  bodies.  All  depend  on  the  arrange- 
ment of  the  particles,  whereof  each  particle  confifts. 
Hence  water,  though  taftelefs,  feeds  aromatic  mint, 
and  the  fame  earth  gives  nourifhment  to  bread  and 
poifon. 

As  to  this  arrangement,  the  firft  view  of  a vegetable 
gives  us  an  idea,  of  infinitely  numerous  and  various 
parts  : and  fo  complex,  that  many  have  been  difcourag- 
ed  from  profecuting  the  refearch.  But  upon  exami- 
nation, the  parts  which  appear  fo  numerous,  are  reduc- 
ed to  a very  fmall  account.  For  a careful  maceration 
in  foft  water  will  (hew,  that  the  parts  really  diftinct  are 
only  feven.  Thefe  are,  1.  An  outer  bark,  2.  An  inner 
rind,  3.  A blea,  4*.  A flefhy  fubftance,  5.  A pith. 
There  is  between  the  flefh  and  the  blea,  6.  A valcular 

feries 
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feries,  and  7.  Cones  of  veffels  take  their  courfe  with- 
' in  the  flefli. 

' Whatever  part  of  the  plant  we  examine,  we  find  thefe, 
be  it  a fibre,  the  root  or  the  ftem.  We  never  find 
more : and  tracing  thefe,  we  fee  the  other  parts  of 
the  plants  are  only  the  productions  of  them.  Thus 
the  root,  its  defcending  fibre,  and  the  afcending  ftalk, 
we  find  are  one,  not  three  fubftances.  The  fame  feven 
parts  are  continued  from  one  to  the  other,  and  what 
are  fuppofed  at' its  fummit,  to  be  many  new  and  ftrange 
parts,  are  found  to  be  no  more  than  the  terminations 
of  thefe  feven.  The  external  parts  are  alfo  feven.  1. 
The  cup,  2.~  The  outer  petals,  3.  The  inner  petals, 
4*.  The  neCtaria,  either  diftinCi,  or  connected  in  one  ring* 
5.  The  filaments,  6.  The  receptacle  of  feeds,  and  7« 
The  feed-vefTel  or  feeds.  * And  thefe  are  only  the  ter- 
minations _of  the  feven  conftituent  fubftances  of  the 
plant.  The  outer  bark  terminates  in  the  cup,  the  in- 
ner rind  in  the  outward  petals  ; the  blea  forms  the  inner 
petals,  the  vafcular  feries  ends  in  the  neCtaria,  and  the 
flefli  in  the  filaments  : the  cones  form  the  receptacle, 
the  pith,  the  feed,  and  their  capfules.  Thefe  are  uni- 
verfal  in  plants,  though  their  courfe  be  lefs  plain  in  fpme 
and  their  terminations  lefs  diftinCt  in  others. 

Every  piece  therefore  cut  from  a plant  tranfverfely 
contains  all  the  parts  of  the  plant,  ready  to  grow  in 
length  into  a ftalk  upwards,  and  into  a root  downwards, 
and  to  feparate  at  a due  height  from  the  root,  into  the 
feveral  parts  of  the  flower. 

Thus  we  fee  the  arrangement  of  the  common  par- 
ticles of  matter  into  a vegetable  body,  although  it  be 
a work  worthy  of  his  hand  who  formed  it,  yet  is  not 
fo  complex  a thing  as  it  appears.  And  this  arrange- 
ment being  once  made  in  one  individual,  the  fpecies  is 
created  for  ever.  For  growth  is  the  confequence  of 
the  arrangement,  when  it  has  heat  and  moifture. 

I ‘ 

Upon  the  whole:  if  we  confider  every  part  of  a plant, 
we  fliall  find  none  without  its  ufe.  The  root  draws 
nourifliment  from  the  earth  : the  fibres  convey  the  fap, 
the  larger  veifels  contain  the  fpecific  juice  of  the  plant : 
others  carry  air  for  fuch  a refpiration  as  it  needs*  The 
outer  and  inner  bark  in  trees,  defend  them  from  heat 
and  cold  and  drought,  and  convey  that  fap  which  is  re- 
quired 
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quired  for  the  annual  increafe  of  the  tree.  And  in  truth 
every  tree  may  in  fome  fenfe  befaid  to  be  an  annual 
plant.  For  both  leaf,  flower  and  iruit  proceed  from 
the  coat  that  was  fuperinduced  over  the  wood  the  laft 
year.  And  this  never  bears  more,  but  together  with 
the  old  wood  ferves  as  a block  to  fuftain  the  fucceeding 
annual  coat.  The  leaves  ferve,  before  the  bud  unfolds  to 
defend  the  flower  and  fruit,  which  is  even  then  formed  ; 
and  afterward  to  preferve  them  and  the  branches  from 
the  injuries  of  the  fummer  fun.  They  ferve  alfo  to  hin- 
der the  too  hafty  evaporation  of  the  moifture  about  - 
the  root.  But  their  chief  ufe  is  to  concodt  the  fap,  for 
the  nourifhment  of  the  whole  plant : both  that  they 
receive  from  the  root,  and  that  they  take  in  from  the 
dew,  the  rain,  and  the  moift  air.  Add  to  this,  that 
they  are  as  lungs,  which  fupply  the  plant  with  the  ne- 
cfcffary  quantity  of  aii*,  arid  as  excremental  duds,  which 
throw  off  fuperfiuities  by  infenfible  perfpiration.  And 
fo  neceffary  is  their  fervice,  that  moft  trees,  if  quite 
ftript  of  their  leaves,  will  die.  And  if  in  fummer  you 
ft  rip  a vine-branch  of  its  leaves,  the  grapes  will  neyer 
come  to  maturity.  Not  that  they  are  hurt  by  the  fun  ; 
expofe  them  to  this  as  you  pleafe,  fo  the  leaves  remain, 
and  they  will  ripen  well. 

• « **  ' 

Another  point  worthy  our  confideration  is,  the  im- 
menfe  fmallnefs  of  the  feeds  of  fome  plants.  Some  are 
fo  extremely  minute,  as  not  at  all  to  be  difcovcred  by 
the  naked  eye.  Hence  the  number  of  feeds  produced 
by  fome  plants,  is  beyond  imagination.  A plant  of 
redmace,  for  inftance,  and  many  forts  of  fern,  produce 
above  a million  : a convincing  argument  of  the  infinite 
underftanding  of  the  Former  of  them. 

r • « t 

And  it  is  remarkable,  that  fuch  moffes  as  grow  upon 
walls,  the  roofs  of  houfes  and  other  high  places,  have 
feeds  fo  exceffively  fmall,  that  when  ftiaken  out  of  their 
veffels  they  appear  like  fmoke  or  vapour.  Thefe  there- 
fore may  either  afcend  of  themfelves,  or  by  an  eafy  im- 
pulfe  of  the  wind  be  raifed  to  the  tops  of  walls,  houfes, 
or  rocks.  And  we  need  not  wonder  how  the  moffes 
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got  thither,  or  imagine  they  fprung  up  fpontaneoufly. 

* - * . 

; Concerning  vegetables  in  general  we  may  farther 

remark*  , 
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remark,  1.  That  becaufe  they  are  intended  to  be  food 
for  numberlefs  fpecies  of  animals,  therefore  nature  has 
taken  fo  extraordinary  care,  and  made  fo  abundant 
provifion,  for  their  propagation  and  increafe.  So  that 
they  are  propagated  and  multiplied,  not  only  by  the 
feed,  but  glfo  by  the  root : producing  (hoots  or  ofF-fets 
in  fome,  creeping  under-ground  in  others.  Some  like- 
iwife  are  propagated  by  flips  or  cuttings  ; and  fome  by 
feveral  of  thefe  ways.  Secondly,  for  the  fecurity  of 
fuch  fpeeies  as  are  produced  only  by  feed,  moft  feeds 
are  endued  with  a lading  vitality ; fo  that  if  by  reafon 
of  exceffive  cold  or  drought,  or  any  other  accident, 
they  happen  not  to  fpring  up  the  firft  year,  they  may 
continue  their  fruitfulnefs,  I do  not  fay,  fix  or  feven 
tfnly,  but  even  twenty  or  thirty  years.  Nay,  after 
this  term,  if  the  hinderance  be  removed,  they  will 
fpring,  and  bring  forth  fruit.  Hence  it  is,  that  plants 
are  fometimes  loft  for  a confiderable  time,  in  places 
wherein  they  abounded  before.  And  after  fome  years 
appear  anew.  They  are  lofl  either  becaufe  of  the  un- 
, favourable  feafons  ; becaufe  the  land  was  fallowed ; 
or  becaufe  plenty  of  weeds,  or  other  plants,  prevented 
their  coming  up.  And  as  foon  as  thefe  impediments 
are  removed  they  fpring  up  again.  Thirdly,  Many 
vegetables  are  armed  with  prickles  or  thorns,  to  fe- 
cure  them  from  the  browzing  of  beads  ; as  alfo  to  de-  N 
fend  others,  which  grow  under  their  flielter.  Hereby 
likewife  they  are  made  particularly  ufeful  to  man,  ei- 
ther for  quick  or  dead  fences.  Fourthly,  fuch  vegeta- 
bles as  are  weak  and  not  able  to  fupport  them- 
felves,  have  a wonderful  faculty,  to  ufe  the  drength 
of  their  neighbours,  embracing  and  climbing  up 
upon  them,  and  ufing  them  as  crutches  to  their 
feeble  bodies.  Some  twid  themfelves  about  others 
like  a (crew : fome  lay  fad  hold  upon  them,  by 
their  curious  clafpers . or  tendrils,  which  herein  are 
equivalent  to  hands.  Some  drike  in  a kind  of  root : 
others  by  the  emiflion  of  a natural  glue,  firmly  adhere 
to  any  thing  which  has  drength  fofficient  to  fupport 
them.  Clafpers  are  of  a compound  nature,  between  a 
root  and  a branch.  Sometimes  they  ferve  for  fupport 
only  ; as  in  the  clafpers  of  vines,  whofe  branches  being 
long  and  (lender,  would  otherwife  fink  with  their  own 
weight:  fometimes,  for  a fupply  of  nouriftm^nt  alfo  ; 
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as  In  the  trunk  roots  of  iff ; which  mounting  very  high* 
and  being  of  a clofe  and  very  compact  nature,  the  fap 
would  not  be  fufficiently  fupplied  to  the  upper  fprouts, 
unlefs  thefe  affifted  the  mother  root.  Fifthly,  the  beft 
m£  all  grain,  and  what  affords  the  moft  wholeiome  and 
agreeable  nourifhment  is  wheat.  And  it  is  moft  pa- 
tient of  all  climates,  bearing  the  extremes  both  of  heat 
and  cold.  It  grows,  and  brings  its  feed  to  maturity 
not  only  in  the  temperate  countries,  but  alio  in  the  cola1 
regions  of  Scotland,  Denmark,  Norway,  and  Mufcovy, 
on  the  one  hand  ; and  on  the  other,  in  the  fuitry  heat 
of  Spain,  Egypt,  Barbary,  Mauritania,  and  the  Eaft- 
Indies.  Nor  is  it  lefs  obfervable,  that  nothing  is  more 
fruitful.  One  bufliel  when  fown  in  a proper  foil,  having 
been  found  to  yield  a hundred  and  fifty,  and  in  fome 
inftances  abundantly  more. 


7.  It  may  be  of  ufe  to  fubjoin  here,  fir  ft  a general 
view  of  vegetation,  fecondly,  fome  additional  reflec- 
tions on  the  vegetable  kingdom. 


And  firft.  As  to  vegetation  itfelf,  we  are  fenfible 
all  our  reafonings  about  the  wonderful  operations  of 
^nature,  are  fo  full  of  uncertainty,  that  as  the  wife  man 
truly  obferves,  M Hardly  do  we  guefs  aright  at  the 
things  which  are  upon  earth,  and  with  labour  do  we 
find  the  things  that  are  before  us.”  This  is  abundantly 
verified  in  vegetable  nature.  For  though  its  productions 
are  fo  obvious  to  us,  yet  are  we  itrangely  in  the  dark 
concerning  them,  becaufe  the  texture  of  their  veffels  is 
fo  fine  and  intricate  that  we  can  trace  but  few  of  them, 
though  affifted  with  the  beft  microfcopes.  But 
although  we  can  never  hope  to  come  to  the  bottom 
of  the  firft  principle  of  things,  yet  may  we  every 
where  fee  plain  fignatures  of  the  hand  of  a divine 
architect. 

All  vegetables  are  compofed  of  water  and  earth, 
principles  which  ftrongly  attraCl  each  other : and  a large 
portion  of  air,  which  ftrongly  attracts  when  fixed,  but 
ilrongly  repels  when  in  an  elaftic  ftate.  By  the  com- 
bination, aCtion,  and  re-aCiion  of  thofe  few  principles 
all  the  operations  in  vegetables  are  effected.  ^ 

The  particles  of  air  diftend.each  duCtile  part,  and 
Invigorate  their  fap,  and  meeting  with  the  other  mu- 
* tually 
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tually  attracting  principles,  they  are  by  gentle  heat  and 
motion  enabled  to  affimilate  into  the  nourifhment  of  * 
the  refpe&ive  parts.  Thus  nutrition  is  gradually  ad- 
vanced, by  the  nearer  and  nearer  union  of  thefe  prin- 
ciples, till  they  arrive  at  fuch  a degree  of  confiftency, 
as  to  form  the  feveral  parts  of  vegetables.  And  at 
length  by  the  flyipg  off  of  the  watry  vehicle,  they  are 
Compacted  into  hard  fubftances. 

But  when  the  watry  particles  again  foak  into  and 
difunite  them,  then  is  the  union  of  the  parts  of  vege- 
tables diffolved,  and  they  are  prepared  by  putrefaction, 
to  appear  in  fome  new  form,  whereby  the  nutritive  fund 
of  nature  can  never  be  exhaufted. 

All  thefe  principles  are  in  all  the  parts  of  vegetables. 
But  there  is  more  oil  in  the  more  exalted  parts  of  them. 
Thus  feeds  abound  with  oil,  and  confequently  with 
fulphur  and  air.  And  indeed  as  they  contain  the  ru- 
diments of  future  vegetables,  it  was  neceffary  they 
Ihould  be  ftored  with  principles,  that  would  both  pre- 
ferve  them  from  putrefaction,  and  alfo  be  active  in  pro- 
moting germination  and  vegetation. 

And  as  oil  is  an  excellent  prefervative  againft  cold, 
fo  it  abounds  in  the  fap  of  the  more  northern  trees. 
And  it  is  this  by  which  the  ever-greens  are  enabled  to 
keep  their  leaves  all  the  winter. 

Leaves  not  only  bring  nourilhment  from  the  lower 
parts  within  the  attraction  of  the  growing  fruit,  (which 
* like  young  animals  is  furniftied  with  proper  inftruments 
to  fuck  it  thence)  but  alfo  carry  off  redundant  watry 
, fluids,  while  they  imbibe  the  dew  and  rain,  which  con- 
tain much  fait  and  fulphur,  for  the  air  is  full  of  acid 
and  fulphureous  particles  ; and  the  various  combinati- 
ons of  thefe,  are  doubtlefs  very  ferviceable  in  pro- 
moting the  work  of  vegetation.  Indeed  fo  line  a fluid 
as  the  air  is  a more  proper  medium,  wherein  to  prepare 
and  combine,  the  more  exalted  principles  of  vegetables, 
' than  the  grofs  watry  fluid  of  the  fap.  And  that  there 
is  plenty  of  thefe  particles  in  the  leaves  is  evident,  from 
the  fulphureous  exudations  often  found  on  their  edges. 
To  thefe  refined  aereal  particles,  not  only  the  moft  racy, 
generous  tafte  of  fruits,  but  Ijkewife  the  moft  grate- 
ful odours  cf  flowers,  yea,  and  their  beautiful  colours 
are  probably  owing. 

In  order  to  fupply  tender  fhcots  with  nourifliment, 
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nature  is  careful  to  furiiifh,  at  fmall  diftances,  the 
.young  {hoots  of  all  forts  of  trees,  with  many  leaves 
throughout  their  whole  length  which  as  fo  many  jointly 
ading  powers,  draw  plenty  of  fap  to  them. 

The  like  provifion  has  nature  made,  in  the  corn, . 
grafs,  and  reed-kind  : the  leafy  fpires,  which  draw 
nourifhment  to  each  joint,  being  provided  long  before 
the  ftem  ihoots  : the  tender  ftem  s would  eafily  break,* 
or  dry  up,  fo  as  to  prevent  their  growth,  had  not  thefe 
fcabbards  been  provided,  which  both  fupport  and  keep 
them  in  a fupple  and  dudile  ftate. 

The  growth  of  a young  bud  to  a {hoot,  confifts  in 
the  gradual  dilatation  and  extenfion  of  every  part,  till 
it  is  ftretched  out  to  its  full  length.  And  the  capil-  ' 
lary  tubes  ftill  retain  their  hollownefs,  notwith  (landing 
their  being  extended,  as  we  fee  melted  glafs-tubes  re- 
main hollow,  though  drawn  out  to  the  fineft  thread. 

The  pith  of  trees  is  always  full  of  moifture,  while 
the  fhoot  is  growing,  by  the  expanfion  of  which,  the’ 
tender,  dudile  {hoot  is  diftended  in  every  part.  But 
when  each  year’s  {hoot  is  fully  grown,  then  the  pith 
gradually  dries  up.  Mean  time  nature  carefully  pro- 
vides for  the  growth  of  the  fucceeding  year,  by  pre- 
ferving  a tender,  dudile  part  in  the  bud,  replete 
with  fucculent  pith.  ^ Great  care  is  likewile  taken  to 
keep  the  parts  between  the  bark  and  wood  always  fup- 
pie  with  flimy  moifture,  from  which  dudile  matter  the 
woody  fibres,  veficles,  and  buds  are  formed. 

The  great  variety  of  different  fubftances  in  the  fame 
vegetable  proves,  that  there  are  peculiar  veffels  for 
conveying  different  forts  of  nutriment.  In  many  vege- 
tables fome  of  thefe  veffels  are  plainly  feen  full  of  mil- 
ky, yellow,  or  red  nutriment. 

Where  a fecretion  is  defigned  to  compofe  a hard  fub- 
ftance,  viz.  the  kernel  or  leed  of  hardftone  h uits,  it  does 
not  immediately  grow  from  the  ftone,  which  would  be 
the  {horteft  way  to  convey  nourifliment  to  it.  But  the 
umbilical  vellel  fetches  a compafs  round  the  concave 
of  the  ftone,  and  then  enters  the  kernel  near  its  cone. 
By  this  artifice  the  veffel  being  much  prolonged,  the 
motion  of  the  fap  is  the#by  retarded,  and  a vifcid  nu- 
triment conveyed  to  the  feed,  which  turns  to  a hard  fub- 

ftance.  ~ , 

\ 

Let  us  trace  the  vegetation  of  a tree,  from  the  letd 
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-to  its  full  maturity.  When  the  feed  is  fQwn,  in  a few 
-days  it  imbibes  fo  much  moifture,  as  to  fwell  with  very 
great  force,  by  which  it  is  enabled  both  to  ftrike  its 
.roots  down,  and  to  force  its  ftem  out  of  the  ground. 
As  it  grows  up,  the  firft,  fecond,  third,  and  fourth 
order  of  lateral  branches  {hoot  out,  each  lower  order 
rbeing  longer  than  thofe  immediately  above  them  2 not 
only  as  {hooting  firft,  but  becaufe  inferted  nearer  the 
root,  and  fo  drawing  greater  plenty  of  fap.  So  that 
a tree  is  a complicated  engine,  which  has  as  many  dif- 
ferent powers  as  it  has  branches.  And  the  whole  of 
each  yearly  growth  of  the  tree,  is  proportioned  to  the 
whole  of  the  nourilhment  it  attiadls. 

But  leaves  alfo  are  fo  neceffary  to  promote  its  growth, 
that  nature  provides  fmall,  thin,  expanfions,  which 
may  be  called  primary  leaves,  to  draw  nourifhment  to 
the  buds  and  young  {hoots,  before  the  leaf  is  expanded. 
Thefe  bring  nutriment  to  them  ]fi  a quantity  fuffici- 
ent  for  their  fmall  demand : a greater  quantity  of  which 
is  afterward  provided,  in  proportion  to  their  need,  by 
the  greater  expanfion  of  the  leaves.  . A ftill  more 
^beautiful  apparatus  we  find  in  the  curious  expanfions 
of  bloffoms  and  flowers,  which  both,  protect  and  con- 
vey nourifhment  to  the  embryo,  fruit  and  feeds.  But 
as  foon  as  the  calix  is  formed  into  a fmall  fruit,  con- 
taining a minute  feminal  tree,  the  hloffbm  falls  off, 
leaving  it  to  imbibe  nourilhment  for  itfelf,  which  is 
brought  within  the  reach  of  its  fuftion,  by  the  adjoin- 
ing leaves.  # 

j proceed  to  make  fome  additional  reflections  upon 

the  vegetable  kingdom.  * 

All  plants  produce  feeds  ; but  they  are  entirely  unfit 

for  propagation,  till  they  are  impregnated.  , This  is 
performed  within  the  flower,  by  the  duft  of  the  Anthe- 
rse  falling  upon  the  moift  ftigmata,'  where  it  burfts  and 
fends  forth  a very  fubtle  matter,  which  is  abforbed  by 
the  ftyle,  and  conveyed  down  to  the  feed.  As  foon  as 
this  operation  is  over,  thofe  organs  wither  and  fall.  But 
one  flower  does  not  always  contain  all  thefe.;  often  the 
male  organs  are  on  one,  the  female,  on  another.  And 
that  nothing  may  be  wanting^the  whole  apparatus-- of 
the  antherae  and  ftigmata  is  in  all  flowers  contrived  with 
wonderful  wifdom.  In  moft,  the  ftigmata  furround 
the  piftU,  and  are  of  the  fame  height.  But  where  the 
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piftil  is  longer  than  the  ftigmata,  the  flowers  recline, 
that  the  dud  may  fall  into  the  ftigma,  and  when  im- 
pregnated rife  again,  that  the  feeds  may  not  fall  out. 
In  other  flowers  the  piftil  is  Ihorter,  and  there  the  flow- 
ers preferve  an  ereft  fituation.  Nay,  when  the  flower- 
ing feafon  comes  on,  they  become  ere&  though  they 
■were  drooping  before.  Laftly,  when  the  male  flowers 
are  placed  below  the  female,  the  leaves  are  very  fmall 
and  narrow,  that  they  may  not  hinder  the  duft  from 
flying  upwards  like  fmoke : and  when  in  the  fame  fpe- . 
cies  one  plant  is  male,  and  the  other  female,  there  the 
duft  is  carried  in  abundance  by  the  wind  from  the  male 
to  the  female.  We  cannot  alfo  without  admiration  ob- 
ferve,  that  moft  flowers  expand  themfelves  when  the 
fun  lhines,  and  clofe  when  either  rain,  clouds,  or  even- 
ing is  coming  on,,leaft  the  genital  duft  fliould  be  coa- 
gulated, or  otherwife  rendered  ufelefs.  Yet  when  the 
impregnation  is  over,  they  do  not  clofe,  either  upon 
fhowers,  or  the  approach  of  evening. 

For  the  fcattering  of  feed  nature  has  provided  num- 
berlefs  ways.  Various  berries  are  given  for  food  to 
animals  ; but  while  they  eat  the  pulp,  they  fow  the 
feed.  Either  they  difperfe  them  at  the  fame  time  : or 
if  they  fwallow  them,  they  are  returned  with  intereft. 
The  miftletoe  always  grows  on  other  trees  ; becaufe  the 
thrulh  that  eats  the  feeds  of  them,  calls  them  forth  with 
his  dung.  The  junipers  alfo,  which  fill  our  woods, 
are  fown  in  the  fame  manner.  The  crofs-bill  that  lives 
on  fir-cones,  and  the  haw-finch  which  feeds  on  pine- 
cones,  fow  many  of  thole  feeds,  efpecially  when  they 
carry  the  cone  to  a ftone  or  flump,  to  ftrip  off  its  fcales. 
Swine  likewife  and  moles  by  throwing  up  the  earth, 
prepare  it  for  the  reception  of  feeds. 

The  great  parent  of  all  decreed  that  the  whole  earth 
fliould  be  covered  with  plants.  In  order  to  this  he 
adapted  the  nature  of  each  to  the  climate  where  it 
grows.  So  that  feme  can  bear  intenfe  heat,  others  in- 
tenfe  cold.  Some  love  a moderate  warmth.  Many 
delight  in  dry,  others  in  moift  ground.  The  Alpine 
plants  love  mountains  whole  tops  are  covered  with  eter- 
nal fnow.  And  they  blow  and  ripen  their  feeds  very 
early,  left  the  winter  Ihould  overtake  and  deftroy 
them.  Plants  which  will  grow  no  where  elfe,  flourifh 
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; J a Siberia,  and  near  Hudfon’s  Bay.  Grafs  can  bear 
almoft  any  temperature  of  the  air,  in  which  the  good 
providence  of  God  appears  : this  being  fo  neceflary  all 
over  the  globe,  for  the  nourifhment  of  cattle. 

• Thus  neither  the  fcorching  fun„  nor  the  pinching 
cold  hinders  any  country  from  having  its  vegetables. 
Nor  is  there  any  foil  which  does  not  bring  forth  fome. 
Pond-weed  and  water-lillies  inhabit  the  waters.  Some 
plants  cover  the  bottom  of  rivers  anddeas  : others  fill 
theanarlhes.  Some  clothe  the  plains : others  grow  in 
the  drieft  woods,  that  fcarce  ever  fee  the  fun.  Nay, 
ftones  and  the  trunks  of  trees  are  not  void,  but  covered 
I with  liver  wort. " 

The  wifdom  of  rhe  Creator  appears  no  where  more, 
than  in  the  manner  of  the  growth  of  trees.  As  their 
roots  defcend  deeper  than  thofe  of  other  plants,  they  do 
not  rob  them  of  nourishment.  And  as  their  Items  (hoot 
up  fo  high,  they  are  eafily  preferved  from  cattle. 
Their  leaves  falling  in  Autumn  guard  many  plants 
againft  the  rigor  of  winter  : and  in  the  fummer  afford 
both  them  and  us  a defence  againft  the  heat  of  the.  fun. 
They  likewife  imbibe  the  water  from  the  earth,  part  of 
which  tranfpiring  through  their  leaves,  is  infenfibly  dif- 
perfed,  and  helps  to  moiften  the  plants  that  are  round 
about.  Laftly,  the  particular  ftrufture  of  trees  contri- 
butes very  much  to  the  propagation  of  infers.  Multi- 
tudes of  thefe  lay  their  eggs  upon  their  leaves,  where 
they  find  both  food  and  fafety.  ' 

Many  plants  and  Shrubs  are  armed  with  thorns,  to 
keep  the  animals  from  deftroying  their  fruits.  At  the 
fame  time  thefe  cover  many  other  plants,  under  their 
branches,  fo  that  while  the  adjacent  grounds  are  robbed 
of  all  plants,  fome  may  be  preferved  to  continue  the  Spe- 
cies. 

The  mofles  which  adorn  the  moft  barren  places,  pre- 
ferve  the  fmaller  plants  when  they  begin  to  ihoot  from 
cold  and  drought.  They  alfo  hinder  the  fermenting  earth 
from  forcing  the  roots  of  plants  upward  in  the  fpring, 
as  w.e  fee  happen  annually  to  trunks  of  trees.  Hence 
few  mofles  grow  in  fouthern  climates,  not  being  necsf- 
*-fary. 

Sea-matweed  will  bear  no  foil  but  pure  fand.  Sand 
is  often  blown  by  violent  winds,  fo  as  to  deluge  as-it 
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Tftere  meadows  atid  fields.  ' But  where  this  grows,  it 
fixes  the  fand,  and  gathers  it  into  hillocks.  Thus 
other  lands  are  formed,  the  ground  increafed,  and  the 
fea  repelled,  by  this  wonderful  difpofition  of  nature. 

How  careful  is  nature  to  preferve  that  ufeful  plant 
grafs  ? The  more  its  leaves  are'  eaten,  the  more  they 

increafe.  For  the  Author  of  Nature  intended,  that  ve- 
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ge  tables  which  have  {lender  ftalks  and  ere<ft  leaves 
fhould  be  copious  and  thick  fet,  and  thus  afford  food 
for  fo  vaft  a quantity  of  grazing  animals.  But  what 
increafe s our  wonder,  is,  that  although  grafs  is  the 
principal  food  of  fuch  animals,  yet  they  touch  not  the 
flower  and  feed  bearing  ftems,  that  fo  the  feeds  may 
ripen  and  be  fown.  . 

The  caterpillar  of  the  moth,  which  feeds  upon  grais 
to  the  deftru&ion  thereof  feems  to  be  formed  in  order 
to  keep  a due  proportion  between  this  and  other  plants. 
For  grafs  when  left  to  grow  freely,  increafes  to  that 
degree  as  to  exclude  all  other  plants,'  which  would  con* 
lequently  be  extirpated,  unlefs  the  infe<ft  Tometimes 


prepared  a place  for  them.  And  hence  it  is, 
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more  fpecies  of  plants  appear,  when  this  caterpillar  has  ' 
laid  wafte  the  pafture  the  preceding  year,  than  at  any  ’ 
other  time. 

But  all  plants  fooner  or  later,  mult  fubmit  to  death. 
They  fpring  up,  they  grow,  they  flourifli,  they  bear 
fruit,  and  having  finifhed  their  courfe,  return  to  the 
duft  again.  Almoft  all  the  black  mould  which  covers 
the  earth  is  owing  to  dead  vegetables.  Indeed  after 
the  leaves  and  ftems  are  gone,  the  roots  of  plants  re- 
main : but  thefe  too,  at  laft  rot  and  change  into  mould. 
And  the  earth  thus  prepared,  reftores  to  plants  what  it 
has  received  from  them.  For  when  feeds  are  com- 
mitted to  the  earth,  they  drkw  and  accommodate  to 
their  own  nature  the  more  fubtle  parts  of  this  mould  : 
fo  that  the"  tailed  tree  is  in  reality  nothing  but  mould 
wonderfully  compounded  with  air  and  water.  And 
from  thefe  plants,  when  they  die,  juft  the  fame  kind  oF 
mould  is  formed  as  gave  them  birth.  By  this  means 
fertility  remains  continually  uninterrupted  : whereas 
the  earth  could  not  make  good  its  annual  confumption, 
were  it  not  conftantly  recruited. 
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In  many  cafes,  the  cruftaceous  liverworts  are  the 
firft  foundation  of  vegetation.  Therefore  however 
defpifed,  they  are  of  the  utmoft  confequence,  in  the  ce- 
conomy  of  nature.  When  rocks  firft  emerge  out  of  the 
fea,  they  are  fo  poliftied  by  the  force  of  the  waves,  that 
hardly  any  herb  is  able  to  fix  its  habitation  upon  them. 
But  cruftaceous  liverworts  foon  begin  to  cover  thefe 
dry  rocks,  though  they  have  no  nouriftiment  but  the 
little  mould  and  imperceptible  particles,  which,  the 
rain  and  air  bring  thither.  Thefe  liverworts  dying 
turn  into  fine  earth,  in  which  a larger  kind  of  liver- 
worts  ftrike  their  roots.  Thefe  alfo  die  and  turn  to 
mould  : and  then  the  various  kinds  of  mofles  find  nou- 
riftiment. Laftly,  thefe  dying  yield  fuch  plenty  of 
mould,  that  herbs  and  ftirubs  eafily  take  root  and  live 
upon  it. 

That  trees,  when  dry  or  cut  down,  may  not  remain 
ufelefs  to  the  world,  and  lie  melancholy  fpeCtacles,  na- 
ture haftens  on  their  deftruCHon,  in  a Angular  man- 
ner. Firft  the  liverworts  begin  to  ftrike  root  in  them  $ 
afterward  the  moifture  is  drawn  out  of  them,  whence 
putrefaction  follows.  Then  the  muftiroom-kind  find  a 
fit  place  to-grow  on,  and  corrupt  them  ftill  more.  A » 
particular  fort  of  beetle  next  makes  himfelf  a way  be- 
tween the  bark  and  the  wood.  Then  a fort  of  caterpil- 
lar and  feveraTother  forts  of  beetles,  bore  numberlefs 
holes  through  the  trunk.  Laftly,  the  wood-peckers 
come,  and  while  .they  are  feeking  for  infeCts,  fhatter 
the  tree  already  corrupted,  and  exceedingly  haften  its 
return  to  the  earth  from  whence  it  came.  But  how 
ftiall  the  trunk  of  a tree,  which  is  immerfed  in  water, 
ever  return  to  earth  ? A particular  kind  of  worm  per- 
forms this  work,  as  fea-faring  men  well  know. 

But  why  is  fo  inconfiderable  a plant  as  thiftles,  fo 
armed  and  guarded  by  nature  ? Becaufe  it  is  one  of 
the  mo  ft  ufeful  plants  that  grows.  Obferve  a heap  of 
clay,  on  which  for  many  years  no  plant  has  fprung  up  ; 
let  but  the  feeds  of  a thiftle  fix  there,  and  other  plants 
will  quickly  come  thither,  and  foon  cover  the  ground. 
For  the  thiftles  by  their  leases  attract  moifture  from  the 
air,  and  by  their  roots  fend  it  into  the  clay,  and  by 
that  means  not  only  thrive  themfelves,  but  provide  a 
ihelter  for  other  plants. 

I ftiall 
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I (hall  add  only  one  obfervatton  more,  concerning . 
the  difference  between  natural  and  artificial  things.  If 
we  examine  the  fined  needle  by  the  microfcope,  the 
point  of  it  appears  about  a quarter  of  an  inch  broad, 
and  its  figure  neither  round*  nor  flat,  but  irregular 
and  unequal.  And  the  fuiface,  however  fmooth  and 
bright  it  may  feem  to  the  naked  eye,  is  then  feen  full 
of  raggednefs,  holes,  and  fcratches,  like  an  irori  bar  • 
from  the  forge.  But  examine  in  the  fame  manner  the 
ding  of  a bee,  .and  it  appears  to  have  in  every  part  a 
polifh  mod  amazingly  beautiful,  without  the  lead  flaw 
or  inequality,  and  ends  in  a point  too  fine  to  be  dif- 
cerned  by  any  glafs  whatever.  And  yet  this  is  only 
the  outward  ftieath  of  far  more  exquifite  indruments. 

A fmall  piece  of  the  fined  lawn,  from  the  diftance 
and  holes  between  its  threads,  appears  like  a lattice  or  - 
hurdle.  And  the  threads  themielv&s  feem  coarfer 
* than  the  yarn  wherewith  ropes  are  made  for  anchors. 
Fine  Bruflels  lace  will  look  as  if  it  were  made  of  a 
thick,  rough,  uneven  hair-line,  untwided  or  clotted  ~ 

. together  in  a very  aukward  and  unartful  manner.  But 
-a  ulk-worm’s  webb  on  the  niced  examination  appears  ' 
peffe&ly  fmooth  and  filming*  and  as  much  finer  than 
-any  fpinder  in  the  world  can  make,  as  the  fmalled 
twine  is  than  the  thicked  cable.  A pod  of  this  filk 
winds  into  nine  hundred  and  fixty  yards.  And  as  it  is 
two  threads  twifted  together  all  the  length,  fo  it  real- 
. ly  contains  one  thoufand  eight  hundred  and  fixty  : and 

- yet  weighs  but  two  grains  and  a half.  What  an  exqui- 
lite  finenefs  ! and  yet  this  is  nothing  to  the  filk  thatif- 
fued  from  the  worm’s  mouth  when  newly  hatched. 

The  fmalled  dot  which  can  be  made  with  a pen,  ap- 
pears through  a glafs,  a vad  irregular  fpot,  rough* 
jagged  and  uneven  about  all  its  edges.  The  fined 
writing  (fuch  as  the  Lord’s  Prayer  in  the  compafs  of  a 
filver  penny)  feems  as  fhapelefs,  and  uncouth  as  if 
wrote  in  runic  characters..  But  the  fpecks  of  moths, 
beetles,  flies,  and  other  infers,  are  mod  accurately 
circular  ; and  all  the  lines  and  marks  above  them  are 
drawn,  to  the  utmod  poffibiiity  of  exa&nefs. 

- Our  fined  miniature  paintings  appear  before  a mi- 
crofcope, as  mere  daubings,  plaidered  on  with  a trow- 

,el.  Our  fmoothed  polUhings  are  fhewn  to  be  mere 

roughnefs. 
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’ roughnefs,  full  of  gaps  and  flaws.  Thus  do  the  works 
of  art  fink,  upon  an  accurate  examination.  On  the 
contrary,  the  nearer  we  examine  the  works  of  nature,/ 
even  in  the  lead  and  meaneft  of  her  productions,  the 
more  we  are  convinced,  nothing  is  to  be  found  there, 
but  beauty  and  perfection.  View  the  numberlefs  fpecies 
of  infects,  what  exaCtnefs  and  fymmetry  fball  we  find 
in  all  their  organs  ? What  a profufion  of  colouring, 
azure,  green,  Vermillion  : what  fringe  and  embroidery 
on  every  part  ! How  high  the  finifhing,  how  inimita- 
ble the  polifh  we  every  where  behold  ! Yea,  view  the 
animalcula,  invifibleto  the  naked  eye,  thofe  breathing 
atoms  fo  fmall,  they  are  almoft  all  workmanftiip  : in 
them  too  we  difcover  the  fame  multiplicity  of  parts, 
diveffity  of  figures,  and  variety  of  motions,  as  in  the 
largeft  animals.  How  amazingly  curious  mull  the  in- 
ternal^ftruCture  of  thefe  creatures  be  ! How  minute 
. the  bones,  joints,  mufcfes,  and  tendons  ! « How  ex- 
quisitely delicate  the  veins,  arteries,  nerves  ! What 
multitudes  of  veflels  and  circulations  mud  be  contained 
in  this  narrow  compafs  ! And  yet  all  have  fufficient 
room  for  their  feveral  offices,  without  interfering  with 
each  other. 

The  "fame  regularity  and  beauty  is  found  in  vegeta- 
bles. Every  ftalk,  bud,  flower,  and  feed,  difplays  a 
figure,  a proportion,  a harmony,  beyond  the  reach  of 
art.  There  is  not  a weed  whofe  ev%ry  leaf  does  not 
fliew  a multiplicity  of  pores  and  veflels  curioufly  dif- 
pofed  for  the  conveyance  of  juices,  to  fupport  and  nou- 
rifh  it,  and  which  is  not  adorned  with  innumerable 
graces  to  embellifh  it. 

But  ibme  may  afk,  to  what  purpofe  has  nature  be- 
ftowed  fo  much  expenfe  on  fo  inlignificant  creatures  ? 
>.  I anfwer,  this  very  thing  proves  they  are  not  fo  infig- 
nificant,  as  we  fondly  fuppofe.  This  beauty  is  given 
them  either  for  their  own  fake,  that  they  themfelves 
may  be  delighted  with  it : or  for  ours,  that  we  may 
obferve  in  them  the  amazing  power  and  goodnefs  of 
the  Creator.  If  the  former,  they  are  of  confequence 
in  the  account  of  their  Maker,  and  therefore  defetwe 
our  regard.  If  the  latter,  then  it  is  certainly  our  du- 
ty to  take  notice  of,  and  admire  them. 

In 
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In  fhort,  the  whole  univerfe  is  a pi&ure,  in  which 
* are  di  (played  the  perfections  of  the  deity.  It  (hews  not 

only  his  exigence;  but  his  unity,  his  power,  his  wif- 
dom,  his  independence,  his  goodneis.  -His  unity  ap- 
pears in  the  harmony  we  cannot  but  fee  in  all  the  parts 
of  nature  ; in  that  one  fimple  end  to  which  they  are  di- 
s reCted,  and  the  conformity  of  all  the  means  thereto. 
On  every  fide  we  difeern  either  fimple  elements  or 
compound  bodies,  which  have  all  different  affions  and 
offices.  What  the  fire  inflames,  the  water  quenches  : 

• what  one  wind  freezes,  another  thaws.  But  thefe  and 
a thoufand  other  operations,  fo  feemingly  repugnant 
to  each  other,  do  neverthelefs  all  concur  in  a wonder- 
ful manner,  to  produce  one  effeCh  And  all  are  fa  ne- 
vceifary  to  the  main  defign,  that  were  the  agency  of 
- any  one  deftroyedr  an  interruption  of  the  order  and 
harmony  of  the  creation  mail  immediately  enfue. 

Suppofe,  for  inflance,  the  wind  to  be  taken  away,  and* 
all  fociety  is  in  the  utmoft  di (Order.  Navigation  is  at 
a (land,  and  all  our  commerce  with  foreign  nationsde-  * 
ftroyed.  On  the  other  hand  the  vapour^  raifed  from 
the  lea  would  remain  fufpended  juft  where  they  rofe. 
Confequently  we  fiiouid  be  deprived  of  that  ufefnl  co-^ 
vering  the  clouds,  which  now  lcreens  us  from  the 
fcorching  heat  : yea,  an  J of  the  fruitful  rains.  So 
our  land  would  be  parched  up,  the  fruits  of  the  earth 
' wither,  animals  die,  through  hunger  and  thirft,  alnd 
all  nature  languilh  and  droop.  All  the  parts  of  na- 
ture therefore  were  conftituted  for  the  affiftance  of  each 
other,  and  all  undeniably  prove  the  unity  of  their  om-  * 

nifeient  Creator.  - 

% 

/ His  power  appears  in  the  whole ^ frame  of  creation,* 
% and  his  wifdom  in  every  part  of  it.  His  independence 

is  pointed  out  in  the  inexhauftible  variety  of  beads, 
^ birds,  fifties  and  infecls  : and  his  goodnefs,  in  taking 

care  of  every  one  of  thefe,  opening  his  hand,  and  fill-' 
ing  all  things  living  with  plenteoufnefs. 

Every  tiling  is  calculated  by  divine  wifdom,  to  make 
u^wifer  and  better.  And  this  is  the  fubftance  of  true 
philofophy.  We  cannot  know  much.  In  vain  does 
our  (hallow  reafon  attempt  to  fathom  the  myfteries  of 
nature,  and  to  pry  into  the  fecrets  of  the  Almighty.- 
u His  ways  are  pall  finding  out.*'  The  eye  of  a lictle 
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worm  is  a fubjedt  capable  of  exhaufting  all  our  boa  fled 
fpeculations.  But  we  may  love  much.  And  herein 
we  may  be  affifted  by  contemplating  the  wonders  of  his 
Creation.  Indeed  he  feems  to  have  laid  the  highefl  • 
claim  to  this  tribute  of  our  love,  by  the  care  he  has  ta- 
ken to  manifeft  his  goodnefs  in  the  mo  ft  confpicuous 
manner,  while  at  the  fame  time  he  has  concealed  from 
us  the  moft  curious  particulars,  with  regard  to  the  ef- 
fences  and  ftruflure  of  his  works.  And  to  our  igno- 
rance it  is  owing,  that  we  fancy  fo  many  things  to  be 
ufelefs  in  the  Creation.  But  a deep  fenfe  of  his  good- 
nefs will  fatisfy  all  our  doubts,  and  refolve  all  our  fcru- 
ples. 

8.  I cannot  conclude  this  part  better,  than  with  an 
eflay  on  the  production,  nourifliment,  and  operation  of 
plants  and  animals. 

SECT.  I. 

v.  ' . 4 

• ^ ’*•  ^ N 

Creatures  produce  their  own  Kind. 

WHEN  I furvey  the  works  of  nature  with  an  atten- 
tive eye,  I am  furprifed  to  find  with  what  marvellous 
exactnefs  every  creature  draws  its  own  pidlure,  or  pro- 
pagates its  own  likejiefs,  though  in  different  manners 
of  operation.  The  fox  produces  a living  fox  ; the  goofe 
drops  her  egg,  and  hatches  the  young  goofe  ; and  the 
tulip  lets  fall  its  feed  into  the  earth,  which  ferments 
and  fwells,  and  labours  long  in  the  ground,  till  at  laft 
it  brings  forth  a tulip. 

Is  it  the  natural  fagacity  of  foxes  that  enables  them' 
to  form  their  own  image  fo  accurately  ? By  no 
means  : for  the  goofe  and  the  flower  do  the  like  : the 
fprighdy  and  the  ftupid,  the  fenfible  and  the  fenfelefs, 
work  this  wonder  with  equal  regularity  and  perfection  \ 
and  the  plant  perfo;  ms  it  as  well  as  the  animal. 

It  is  not  poffible  that  any  of  them  fhould  effedt  this 
by  any  peculiar  rules  of  art  and  contrivance : for  nei- 
ther the  one  nor  the  other  are  at  all  acquainted  with 
the  compofition  or  progrefs  of  their  work  The  bird 
is  entirely  ignorant  of  the  wondrous  vital  ferment  of 
her  own  egg,  either  in  the  formation  of  it,  or  the  in- 
cubation ; 
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<?ubation  : and  the  mother-plant  knows  as  much  of  the 
parts  of  the  young  plant,  as  the  mother-animal  knows  ; 
of  the  inward  fprings  and  movements  of  die  young  lit- 
tle-animal. There  could  be  no  contrivance  here  : for 
not  any  of  them  had  any  thought  or  defign  of  the  final 
produ&ion  : they  were  all  moved,  both  the  beaft,bird 
and  flower,  by  the  material  and  mechanical  fprings  of 
their  own  nature  to  continue  their  own  fpecies,  but 
without  any  fuch  intent  or  purpofe. 

Give  fouls  to  all  the  animal  race,  and  make  thofe 
Ibuls  as  intelligent  as  you  can  ; attribute  to  them  what 
good  fenfe  you  pleafe  in  other  affairs  of  their  puny  life  ; 
allow  the  brutes  to  be  as  rational  and  as  cunning  as 
you  could  wifh  or  fancy,  and  to  perform  a thoufand 
tricks  by  their  own  fagacity  ; yet  in  this  matter,  thofe  “ 
intellectual  powers  muft  all  ftand  by  as  ufelefs : the 
fenfelefs  vegetable  has  as  much  /kill  here  as  the  animal: 
the  goofe  is  as  wife  as  the  fox  or  the  greyhound ; they 
draw  their  own  portraits  with  as  exquifite  art  and  ac- 
curacy, and  leave  as  perfect  images  behind  them  to  pe-^ 
petuate  their  kind#  Amazing  proof  and  inconteftible 
argument  of  Tome  fuperior  wifdom : fome  tranfcen- 
dent  contriving  mind  : fome  divine  artificer  that  made 
all  thefe  wondrous  machines,  and  fet  them  at  work  ! " 
The  animal  and  the  vegetable  in  thefe  productions  are  ! 
but  mere  inftruments  under  his  fupreme  ruling  power;  - 
like  artlefs  pencils  in  a painter’s  hand,  to  form  the 
images  that  his  thought  had  before  defigned:  and  it  is 
that  God  alone,  who  before  all  worlds  contrived  thefe 
models  of  every  fpecies  in  his  own  original  idea,  that 
appoints  what  under  agents  he  will  employ  to  copy 
them.  _ 

In  the  week  of  the  Creation,  he  bade  the  earth  teem 
with  beafts  and  plants  : and  the  earth  like  a common 
mother  brought  forth  die  lion,  the  fox  and  the  dog,  as 
well  as  the  cedar  and  the  tulip,  Gen.  i.  11.  24.  He 
commanded  the  water  to  produce  the  firft  fifli  and 
fowl : behold  the  waters  grow  pregnant  ; the  trout  and 
the  dolphin  break  forth  into  life  ; the  goofe  and  the 
fparrow  arife  and  fhake  their  wings,  Gen.  i.  20,  2K 
But  two  common  parents,  earth  and  water  to  the  whole 
animal  and  vegetable  world  ! A God  needs  no  more. 
And  though  he  was  pleafed  to  make  ule  of  the  water 

and 
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and  the  earth  in  thefe  firft  productions,  yet  the  power 
and  the  {kill  were  juft  the  fame  as  if  he  had  made  them 
immediately  with  his  own  hands. 

Ever  lince  that  week  of  creative  wonders,  God  has 
ordered  all  thefe  creatures  to  fill  the  world  with  inhabi- 
tants of  their  own  kind  ; and  they  have  obeyed  him  in 
a long  fucceflion  of  almoft  fix  thoufand  years.  He  has 
granted  (fhall  I fay)  a divine  patent  to  each  creature 
for  the  foie  production  of  its  own  likenefs,  with  an  ut- 
ter prohibition  to  all  the  reft  ; but  ftill  under  the  ever- 
lafting  influence  of  his  own  fupreme  agency  upon  the  , 
moving  atoms  that  form  thefe  plants  or  animals.  God 
himfelf  is  the  Creator  ftill.  . 

And  it  is  evident  that  he  has  kept  a referve  of  fove- 
reigrity  to  himfelf,  and  has  dftplaved  the  enfigns  of  it 
in  fome  important  hours.  Egypt  was  once  a glorious 
and  tremendous  fcene  of  this  fovereignty  : it  was  there 
that  he  ordered  the  rd  ofMofes,  a dry  and  lifelefs  ve- 
getable, to  raife  a fwarm  of  living  animals,  to  call  up 
a brood  office  in  millions  without  a parent,  and  to 
animate  the  duft  of  the  ground  into  a noilome  army. 

It  was  there  he  bid-  Mofes  wave  the  fame  rod  over 
the  ftreams  and  the  ponds,  and  the  filent  rod  under 
divine  influence  would  bring  forth  croaking  legions 
out  of  the  waters  without  number. 

But  thefe  are  his  works  of  miracle  and  aftonifhment, 
when  he  has  a mind  to  {hew  himfelf  the  fovereign  and 
the  controller  of  nature:  without  his  immediate  com- 
miifion  not  one  creature  can  invade  the  province  of 
another,  nor  perform  any  thing  of  this  work  but  with- 
in its  own  peculiar  tribe.  Even  man  the  glory  of  this 
lower  creation  and  the  wifeft  thing  on  earth,  would  in 
vain  attempt  to  make  one  of  thefe  common  vegetables, 
or  thefe  curious  animated  moving  machines.  Not  all 
the  united  powers  of  human  nature,  nor  a council  of 
the  niceft  artificers  with  all  their  enginry  and  {kill,  can 
form  the  leaft  part  of  thefe  wrorks,  can  compofe  a fox’s 
tail,  a goofe-quill,  or  a tulip-leaf.  Nature  is  the  art  of 
God,  and  it  muft  for  ever  be  unrivalled  by  the  fons  of 
men. 

Yet  man  can  produce  a man.  Admirable  effedl,  tut 
artlefscaufe  ! A poor,  limited,  inferior  agent  ! The 
plant  and  the  brute  in  this  matter  are  his  rivals,  and 
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his  equals  too.  The  human  parent  and  the  parent 
bird  form  their  own  images  with  equal  fkill,  and  are 
confined  each  to  its  own  work.  So  the  iron  feal  trans- 
fers its  own  figure  to  the  clay  with  as  much  exaCtnefs 
and  curiofity  as  the  golden  one  : both  can  transfer  only 
their  own  figure. 

This  appears  to  me  a glorious  inftance  wherein  the 
wifdom  and  power  of  God  maintain  their  own  fupre- 
macy,  and  triumph  over  all  the  boa  fled  reafon  and 
intellectual  fkill  of  men  : that  the  wifeft  Ton  of  Adam 
in  ^his  nobleft  work  of  nature,  can  do  no  more  than  a 
flower  or  a fly ; and  if  he  would  go  out  of  his  own 
fpecies,  and  the  appointed  order  of  things,  he  is  not 
able  to  make  a fly,  or  a Sower ; no,  not  a worm,  nor 
a Ample  bulrufh.  In  thofe  productions  wherein  man- 
kind are  merely  the  inftruments  of  the  God  of  Nature, 
their  work  is  vital  and  divine  ; but  if  they  would  fet  up 
for  prime  artificers,  they  can  do  nothing  : a dead  fta- 
tue,  a painted  fhadow  on  a canvafs,  or  perhaps  a little 
brazen  clock-work  is  the  fupreme  pride-of  their  art, 
their  higheft  excellence  and  perfection. 

Let  the  atheift  then  exert  his  utmoft  ftretch  of  un- 
der (landing  : let  him  try  the  force  of  all  his  mechani- 
cal powers,  to  compofe  the  wing  of  a butterfly,  or  the 
meaneft  feather  of  a fparrow : let  him  labour,  and 
fweat  and  faint,  and  acknowledge  his  own  wreaknefs  : 
then  let  him  turn  his  eye,  and  look  at  thofe  wondrous 
compofures,  his  fon,  or  his  little  daughter,  and  when 
their  infant  tongues  {hall  inquire  of  him,  and  fay, 
u Father,  who  made  us  ?”  Let  him  not  dare  aflume 
v the  honour  of  that  work  to  himfelf,  but  teach  the  young 
creatures  that  there  is  a God,  and  fall  down  on  his 
face,  and  repent  and  worfhip. 

It  was  God  who  faid  at  firfi,  “ Let  the  earth  bring 
forth  grafs,  and  the  herb  yielding  feed — after  his  kind 
— and  the  living  creature  after  his  kind  :”  and  when 
this  >vas  done,  then  with  a creating  voice  he  bid  thofe 
herbs  and  thofe  living  creatures  u be  fruitful  and  mul- 
tiply” to  all  future  generations.  “ Great  things  doth 
he  which  we  cannot  comprehend. — But  he  fealeth  up 
the  hand  of  every  man,  that  all  men  may  know  his 
divine  work.”  Gen.  i.  11.25.  Job.  xxxvii,  5.  7. 

SECT. 
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SECT.  II. 
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Yhe  Laws  of  Nature  fufficient  for  the  Production  of 
Animals  and  Vegetables . 

WILL  you  fuppofe  that  it  derogates  from  the  glory 
©f  divine  Providence,  to  reprefent  the  great  engine  of 
this  vifible  word,  as  moving  onward  in  its  appointed 
courfe,  without  the  continual  interpofure  of  his  hand  ? 
It  is  granted,  indeed,  that  his  hand  is  ever  aftive  in 
preferring  all  the  parts  of  matter,  in" all  their  motions* 
according  to  thefe  uniform  laws  : but  1 think  it  is  ra- 
ther derogatory  to  his  infinite,  wifdom,  to  imagine  that 
he  would  not  make  the  vegetable  and  animal,  as  well 
as  the  inanimate  world,  of  fuch  forts  of  workmanfhip, 
as  might  regularly  move  onward  in  this  manner  for 
five  or  fix  thoufand  years,  without  putting  a new  hand 
to  it  ten  thoufand  times  every  hour:  I fay  ten  thou- 
fand times  every  hour  y for  there  is  not  an  hour  nor  a' 
moment  pa/fes,  wherein  there  are  not  many  millions  of 
plants  and  animals  actually  forming  in  the  fouthern  or 
northern  climates. 

He  that  can  make  a clock,  with  a great  variety  of 
beauties  and  motions,  to  go  regularly  a twelvemonth 
together,  is  Certainly  a fidlful  artift  ; but  if  he  muff  put 
his  own  hand  to  affift  thofe  motions  every  hour,  or  elfe 
the  engine  will  ftand  ftill,  or  the  wheels  move  at  ran-  : 
dorh,  we  conceive  a much  meaner  opinion  of  his  per- 
formance and  his  (kill.  On  the  other  hand,  how  glo- 
rious and  divine  an  artificer  would  he  be  called  that 
(hould  have  made  two  of  thefe  pieces  of  clock-work 
above  five  thoufand  years  ago,  and  contrived  fuch  hid- 
den fprings  and  motions  within  them,  that  they  (hould 
have  joined  together,  to  perpetuate  the  fpecies,  and  thus 
continue  the  fame  fort  of  clocks  in  more  than  a hun- 
dred  fucceflions  down  to  this  day  ? though  each  of  their 
fprings  might  fail  in  forty  years  time,  and  their  mo- 
tions ceafe,  or  their  materials  decay,  yet  that  by  the 
means  of  thefe  two  original  engines,  there  fhould  be 
engines^  of  the  fame  kind  multiplied- upon  the  fdce 
^of  the  earth,  by  the  fame  rules  of  motion  which  the  artift 
;had  eftablifhed  in  the  day  when  he  firft  formed  them  ? 
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Such  is  the  workmanftiip  of  God  ; for  nature  is  no* 
thing  but  his  art.  Such  is  the  amazing  penetration  of 
divine  {kill,  fuch  the  long  reach  of  his  forefight,  who 
has  long  ago  fet  his  inftruments  at  work,  and  guarded 
againftall  their  poflible  deficiencies  ; who  has  provided 
to  replenifh  the  world  with  plants  and  animals  to.  the 
end  of  time,  by  the  wondrous  contrivance  of  his  cre- 
ation, and  the  laws  he  then  ordained. 

Thus  every  whale,  eagle  and  apple-tree,  every  lion 
and  rofe,  fly  and  worm  in  our  age,  are  as  really  the 
work  of  God,  as  the  firft  which  he  made  of  the  kind. 
Vtt  is  fo  far  from  being  a derogation  to  his  honour,  to 
perpetuate  all  the  fpecies  by  fuch  inftruments  of  his 
agency  for  many  ages,  that  it  rather  aggrandizes  the 
character  of  the  Creator,  and  gives  new  luftre  to  Di- 
vine Wifdom : for  if  any  thing  can  be  faid  to  be  eafier 
or  harder  in  this  fort  of  almighty  work,  we  may  fup- 
pofe  it  a more  glorious  difficulty  for  a God  to  employ 
a fparrow  or  an  oyfter,  to  make  a fparrow  or  an  oyfter, 
than  to  make  one  immediately  with  his  own  hand.'  Per- 
haps there  is  not  a wafp  or  a butterfly  now  in  the  world, 
but  has  gone  through  almoft  fix  thoufand  anceftors, 
and  yet  the  work  of  the  laft  parent  is  exquifitely  per-  ' 
feft  in  fhape,  in  colour,  and  in  every  perfe&ion  of  beau- 
ty : but  it  is  all  owing  to  the  firft  caufe. 

This  is  wifdom  becoming  a God,  and  demands  an 
eternal  tribute  of  wonder  and  worffiip. 

SECT.  III. 

Of  the  Nourtfhment  and  Growth  of  Plants . 

IN  the  beginning  of  time  and  nature,  at  the  com- 
mand of  God,  the  earth  brought  forth  plants  and  herbs* 
and  .four-footed  animals  in  their  various  kinds ; but 
the  birds  of  the  air,  as  well  as  the  fifties,  were  produced 
by  the  fame  command  out  of  the  waters.  ' This  was 
intimated  in  a former  feCtion.  The  water  and  the 
earth  were  the  firft  appointed  mothers,  if  I may  fo  ex- 
press it,  of  all  the  animal  and  vegetable  creation.  Since 
that  time  they  ceafe  to  be  parents  indeed,  but  they  are 
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tile  common  nurfes  of  all  that  breathe,  and  of  all  that" 
grow.  Nor  is  the  wifdom  of  God  much  lefs  confpi— 
cuous  in  conftituting  two  fuch  plain  and  iimple  beings 
as  the  earth  and  water,  to  be  the  fprings  of  nourilh- 
xnent  and  growth  to  fuch  an  innumerable  yariety  of 
creatures,  than  it  was  in  the  formation  of  them  out  of 
two  fuch  materials.  Is  it  not  counted  an  admirable 
piece  of  divine  contrivance  and  wifdom,  that  the  (ingle 
principle  of  gravitation  fhould  be  employed  by  the 
Creator,  to  anfwer  fo  many  millions  of  purpofes  among 
the  heavenly  bodies  in  their  regular  revolutions  as  well 
as  among  the  inhabitants,  and  the  furniture  of  this 
earthly  globe  where  we  dwell  ? And  may  it  not  be 
efteemed  as  aftonifhing  an  effeCl  of  the  fame  fupreme 
wifdom,  that  two  fuch  fimple  things  as  water  and  earth 
fhould  be  the  common  materials  out  of  which  all  the 
> (landing  ornaments,  the  vegetable  beauties,  and  tire* 
moving  inhabitants,  of  this  our  world,  whether  flying' 
or  creeping,  walking,  or  fwimming,  fhould  receive' 
their  continual  fuftenance,  and  their  increafe  ? 

Let  us  firft  confider  this  as  it  relates  to  the  vegetable 
part  of  the  creation.  What  a profufion  of  beauty  and 
fragrancy,  of  fhapes  and  colours,  of  fmells  and  taftes, 
is  fcattered  among  the  herbs  and  flowers  of  the  ground, 
among  the  ftirubs,  the  trees,  and  the  fruits  of  the  field! 
Colouring  in  its  original  glory  and  perfection  triumphs 
here ; red,  yellow,  green,  blue,  purple,  with  vaftly 
more  diverfities  than  the  rainbow  ever  knew,  or  the 
prifm  can  reprefent,  are  diftributed  among  the  flowers 
and  blofioms.  And  what  variety  of  taftes,  both  origi- 
nal and  compounded,  of  fweet,  bitter,  (harp,  with  a 
thoufand  namelefs  flavours,  are  found  among  the  herbs 
of  the  garden  ? What  an  amazing  difference  of  (hapes 
and  fizes  appears  amongft  the  trees  of  the  field  and 
foreft  in  their  branches  and  their  leaves  ? And  what  a 
luxurious  and  elegant  diftinCtion  in  their  feveral  fruits  ? 
How  very  numerous  are  their  diftinCi  properties,  and 
their  ufes  in  human  life  ? And  yet  thefe  two  common 
elements>  earth  and  water,  are  the  only  materials  out 
of  which  they  are  all  compofed,  from  the  beginning  to 
the  end  of  nature  and  time  ! • 

Let  the  gardener  drefs  for  himfelf  one  field  of  frefli 
«arth,  and  make  it  as  uniform  as  he  can j then  let  him 

plant 


r 


( 161  ) 

plant  therein  all  the  varieties  of  the  vegetable  world,  in 
their  roots  or  in  their  feeds,  as  he  (hall  think  raoft  pro- 
per : yet  out  of  this  common  earth,  under  the  droppings 
of  common  water  from  heaven,  every  one  of  thefe 
plants  (hall  be  nourifhed,  and  grow  up  in  its  proper 
form  ; all  the  infinite  diverfity  of  fhapes  and  fizes,  co- 
lours, taftes  and  fmells,  which  conftitute  and  adorn  the 
vegetable  world,  (would  the  climate  permit)  might  be 
produced  out  of  the  fame  clods.  What  rich  and  fur- 
prifing  wifdom  appears  in  that  Almighty  Operator, 
who  out  of  the  fame  matter  fhall  perfume  the  bofom 
of  the  rofe,  and  give  the  garlic  its  offenfive  and  naufe- 
ous  powers  ? Who  from  the  fame  fpot  of  ground,  fhall 
raife  liquorice  and  the  wormwood,  and  drefs  the  cheek 
of  the  tulip  in  all  its  glowing  beauties  ? What  a furprife, 
to  fee  the  fame  feed  furnifh  the  pomegranate  and  the 
orange-tree  with  the  juicy  fruit,  and  the  (talks  of  corn 
with  their  dry  and  hufky  grains  ? To  obferve  the  oak 
raifed  from  a little  acorn,  into  its  (lately  growth  and 
folid  timber,  out  of  the  fame  bed  of  earth  that  fent  up 
the  vine  with  fuch  foft  and  feeble  limbs  ? What  a na- 
tural kind  of  prodigy  is  it,  that  chilling  and  burning 
vegetables  (houid  arife  out  of  the  fame  fpot  ? That  the 
fever  and  the  frenzy  (houid  (last  up  from  the  fame  bed, 
where  the  palfy  and  the  lethargy  lie  dormant  in  their 
feeds  ? Is  it  not  exceeding  ftrange,  that  healthful  and 
poifonous  juices  fhduld  rife  up  in  their  proper  plants 
out  of  the  fame  common  glebe,  and  that  life  and 
death  fhould  grow  and  thrive  within  an  inch  of  each 
other? 

What  wondrous  and  inimitable  (kill  muft  be  attri- 
buted to  that  Supreme  Power,  that  Fir  ft  Caufe,  who 
can  fo  infinitely  diverfify  effefts,  where  the  fervile  fe- 
. cond  caufe  is  always  the  fame  ? 

' It  is  not  for  me  in  this  place  to  enter  into  a long  de- 
tail of  Philofophy,  and  (hew  how  the  minute  fibres  and. 
tubes  of  the  different  feeds  and  roots  of  vegetables 
take  hold  of,  attradl,  and  receive  the  little  particles  of 
earth  and  water  proper  for  their  own  growth  ; how 
they  form  them  at  firft  into  their  own  fhapes,  and  fend 
them  up  afpiring  above  ground  by  degrees,  and  mould 
them  fo  as  to  frame  the  ftalks,  the  branches,  the  leaves, 
and  the  buds  of  every  flower,  h£rb  and  tree.  But  I 
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prefame  the  world  is  too  weary  of  fubftantial  forms, 
and  plaftic  powers,  to  be  perfuaded  that  thefe  mere 
creatures  of  fancy  {liquid  be  the  operators  in  this  won- 
drous work.  It  is  much  more  honourable  to  attribute 
all  to  the  defign  and  fore-thought  of  God,  who  formed 
the  firft  vegetables  in  fuch  a manner,  and  appointed  j 
their  little  parts  to  ferment  under  the  warm  fun-beams, 
according  to  fuch  eftablifhed  laws  of  motion,  as  to 
. mould  the  atoms  of  earth  and  water  which  were  near 
them  into  their  own  figure,  to  make  them  grow  up  into 
trunk  and  branches,  and  which  every  night  fhould 
harden  into  firmnefs  and  (lability  } and  again,  to  mould 
new  atoms  of  the  fame  element  into  leaves  and  bloom, 
fruit  and  feed,  which  lad  being  dropt  into  the  earth, 
ftiould  produce  new  plants  of  the  fame  likenefs  to  the 
end  of  the  world. 

It  is  eafier  for  the  fons  of  men  to  (land  and  winder,- 
and  adore  God  the  Creator,  than  to  imitate,  or  even  to 
defcribe  his  admirable  works.  In  the  heft  of  their  de- 
scriptions and  their  imitations  of  this  divine  artift,  they 
do  but  chatter  like  Hottentots,  and  paint  like  Goths 
and  Vandals.  * " * 

SECT.  IV. 

$ • 

Of  the  Nouri/bmefnt  and  Growth  of  Animals . 

* % • 

, LET  us  proceed  in  the  next  place  to  furvey  new 
wonders.  All  the  animals  of  the  creation  as  well  as 
the  plants,  have  their  original  nourifliment  from  thefe  v 
fimple  materials,  earth  and  water.  For  all  the  animal 
beings  which  do  not  live  upon  other  animals,  or  the 
produce  of  them,  take  fome  of  the  vegetables  for  their 
food  ; and  thus  the  brutes  of  prey  are  originally  indebt- 
ed to  the  plants  and  herbs,  i.  e.  to  the  earth  for  their 
fupport,  and  their  drink  is  the  watry  element.  That 
all  flefh  is  grafs,  is  true,  in  the  literal,  as  well  as  the  me- 
taphorical fenfe.  Does  the  lion  eat  the  flefli  of  the 
lamb  ? Doth  the  lamb  fuck  the  milk  of  the  ewe  ? But 
the  ewe  is  nouriftied  by  the  grafs  of  the  field.  Does- 
the  kite  devour  the  chicken,  and  the  chicken  the  little 
caterpillars'  or  infe&s  of  the  Spring  ? But  thefe  infers 
are  ever  feeding  on  the  tender  plants*  and  the  green 
, ..  produ&s* 
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produ&s  of  the  ground.  The  earth  moiftened  with 
water  is  the  common  nurfe  of  all.  Even  the  fifties  of  * 
the  fea  are  nouriftied  with  vegetables  that  fpring  up 
there,  or  by  preying  on  leffer  fifties  which  feed  on  thefe 
vegetables. . ^ ' 

But  let  us  give  our  meditations  a loofe  on  this  enter- 
taining fubjeCt,  and  we  (hall  find  numerous  inftances  of 
wonder  iivthis  fcene  of  Divine  contrivance. 

1.  What  very  different  animals  are  nouriftied  by  the 
, fame  vegetable  food  ! The  felf-fame  herbage  or  fruits 

of  the  earth  by  the  divine  laws  of  nature  and  provi- 
dence, are  converted  into  animated  bodies  of  very  dif* 
ferent  kinds.  Could  you  imagine  that  half  the  fowls 
of  the  air,  as  different  as  they  are  from  the  crow  to  the 
tit-moufe,  fhould  derive  their  flefti  and  blood  from  the 
productions  of  the  fame  tree,  where  the  fwine  watch 
under  the  boughs  of  it,  and  are  nouriftied  by  the  fruit? 
Nor  need  I ftay  to  take  notice  what  numerous  infeCU 
find  their  nefts  and  their  food  all  the  fummer-feafon 
from  the  fame  apples  or  apricots,  plumbs  or  cherries, 
which  feed  hogs  or  crows,  and  a hundred  fmall  birds# 
Would  you  think  that  the  black  and  the  brindled  kine* 
with  the  horfes  both  grey  and  bay,  fhould  clothe  thejn- 
felves  with  their  hairy  fkins  of  fo  various  colours,  out 
of  the  fame  green  pafture  where  the  fheep  feed,  and  co- 
ver themfelves  with  their  white  and  woolly  fleece  ? 
And  at  the  fame  time  the  goofe  is  cropping  part  of  the 
grafs  to  nourifh  its  own  flefti,  and  to  array  itfelf  with 
down  and  feathers.  Strange  and  ftupendous  texture 
of  the  bodies  of  thefe  creatures,  that  fhould  convert  the  » 
common  green  herbage  of  the  field,  into  their  different 
v natures,  and  their  more  different  clothing  ! But  this 
leads  me  to  another  remark. 

2.  What  exceeding  great  diverfity  is  found  in  the 
feveral  parts,  limbs,  and  coverings  even  of  the  fame 
creature  ? An  animated  body  is  made  up  of  flefh  and 
Wood,  bones  and  membranes,  long,  hollow  tubesj  with 
a variety  of  liquors  contained  in  them,  together  with 
it  any  firings  and  tendons,  and  a thoufand  other  things 
vvhich  efcape  the  naked  fight,  and  for  which  anatomy 
lias  hardly  found  a name ; yet  the  very  lame  food  is, 
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by  the  wondrous  ftnll  and  appointment  of  the  God  cr^ 
Nature,  formed  into  all  thefe  amazing  differences. 
Let  us  take  an  ox  to  pieces,  and  furvey  the  wondrous 
compofition.  Befides  the  flefh  of  this  huge  living 
ftrucffure*  and  the  bones  on  which  it  is  built,  what  va- 
riety of  tender  coats  and  humours  belong  to  that  admi- 
rable organ  the  eye  ? How  folid  and  hard  are  the 
teeth  which  grind  the  food  ? How  firm  the  general 
ligaments  that  tie  the  joints  of  that  creature  together? 
\^hat  horny  hoofs  are  his  fupport,  and  with  what  dif- 
ferent fort  of  horny  weapons  has  nature  furnifhed  hi§ 
forehead  ? Yet.  they  are  all  framed  of  the  fame  grafiy 
materials : the  calf  grazes  upon  the  verdant  paliure,- 
and  all  its  limbs  and  powers  grow  up  out  of  that  food 
to  the  fize  and  firmnefs  of  an  ox.  Can  it  be  fuppofed, 
that  % all  thefe  corpufcles,  of  which  the  feveral  inward 
and  outward  parts  of  the  brute  are  compofed,  are  ac- 
tually found  in  their  different  and  proper  forms  in  the 
vegetable  food  ? Does  every  fpire  of  grafs  a&ually* 
contain  the  fpecific  parts  of  the  horn  and  the  hoof,  the 
teeth  and  the  tendons,  the  glands  and  membranes,  the 
humours  and  coats  of  the  eye,  the  liquids  and  folids, 
with  all  their  innumerable  varieties  in'their  proper  dif- 
tinft  forms  ? This  is  a mofl:  unreafonable  fuppofition. 
No,  it  is  the  wifdom  of  the  God  of  Nature  that  diftri*  - 
butes  this  uniform  food  in  the  feveral  parts  of  the  ani- 
. mal  by  his  appointed  laws,  and  gives  proper  nourifh-  - 

ment  to  each  of  them. 

/ • - ••  t 

Again  3.  If  the  food  of  which  one  fingle  animal 
partakes,  be  never  lo  various  and  different,  yet  the  fame 
laws  of  motion,  which  God  has  ordained  in  the  animal 
world,  convert  them  all  to  the  fame  purpofes  of  not> 
rjlhment  for  that  creature.  Behold  the  little  bee  gather-- 
ing  its  honey  from  a thoufand  flowers,  and  laying  up 
the  precious  ftore  for  its  winter  food  ! Mark  how  the 
crow  preys  upon  a carcafe  : anon  it  crops  a cherry  from 
the  tree,  and  both  are  changed  'into  the  flefh  and  fea- 
thers of  a crow.  Obferve  the  kine  in  the  meadows, 
feeding  on  a hundred  varieties  of  herbs  and  flowers  ; 
yet  all  the  different  parts  of  their  bodies  are  noui  ifhed 
thereby  in  a proper  manner  : every  flower  in  the  field 
is  made  ufe  of  to  increafe  the  flelh  of  the  heifer,  and  to 
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^tnake  food  for  men  : and  out  of  all  thefe  varieties,  there 
. is  a noble  milky  juice  flowing  -to  the  udder,  which  pro- 
vides  nourifliment  for  young  children. 

,-So  near  a-kin  is  man,  the  lord  of  the  creation,  in  re- 
fpeft  of  his  body,  to  the  brutes  that  are  his  flaves,  that 
' ,rthe  very  fame  food  willcompofe  the  flefh  of  both,  and 
-make  them  grow  up  to  their  appointed  ftature.  This 
; is  evident,  beyond  doubt,  in  daily  experiments.  The 
fame  bread-corn  which  we  eat  at  our  tables  will  give 
rich  fupport  to  fparrows  and  pigeons,  to  the  turkey, 
and  the  duck,  and  all  the  fowls  of  the  yard  2 the  moufe 
fteals  it  and  feeds  on  it  in  his  dark  retirements ; while 
the  hog  in  the  fly  and  the  horfe  in  the  manger,  would 
be  glad  to  partake  of  it.  When  the  poor  cottager  has  - 
nurfed  up  a couple  of  geefe,  the  fox  feizes  one  of  them 
Tor  the  fupport  of  her  cubs,  and  perhaps  the  table  of 
the  landlord  is  furniflied  with  the  other  to  regale  his 
friends.  Nor  is  it  an  uncommon  thing  to  fee  the  fa- 
vourite lap-dag  fed  out  of  the  fame  bowl  of  milk, 
which  is  prepared  for  the  heir  of  a wealthy  family,  but 
which  nature  hadoOriginally  defigned  to  nourifli  a calf, 

* The  fame  milky  material  will  feed  calves,  lap-dogs  and 
, human  bodies. 

How  various  are  our  diflies  at  an  entertainment  ? 

' :How  has  luxury  even  tired  itfelf  in  the  invention  of 
meats  and  drinks  in  an  exceflive  and  endlefs  variety  ? 
'Yet  when  they  pafs  into  the  common  boiler  of  the  fto- 
mach,  and  are  carried  thence  through  the  inteftines, 
there  is  a white  juice  {trained  out  of  the  ftrange  mix- 
/ ture  called  chyle,  which  from  the  la&eal  veflels  is  con- 
verted into  the  blood,  and  by  the  laws  of  nature  is  con- 
veyed into  the  fame  crimfon  liquor.  This  being  dif. 
^tributed  through  all  the  body  by  the  arteries,  is  farther 
{trained  again  through  proper  veflels,  and  becomes  the 
fpring  of  nourifliment  to  every  different  part  of  the  ani- 
mal. Thus  the  God  of  Nature  has  ordained,  that  how 
diverfe  foever  our  meats  are,  they  fhall  iirft  be  re- 
duced to  an  uniform  milky  liquid,  that  by  new  contri- 
vances, and  divine  art  it  may  be  again  diverfified  into 
flefli  and  bones,  nerves  and  membranes. 

How  confpicuous,  and  yet  how  admirable  are  the  1 
operations  of  Divine  Wifdom  in  this  Angle  inftance  of 
nourifliment!  But  it  is  no  wonder  that  a God  who 
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could  create  fuch  aftonifhing  and  exquifite  pieces  of 
machinery,  as  plants  and  animals,  could  prefcribe  fuch 
laws  to  matter  and  motion,  as  to  nourifh  and  preferve 
the  individuals,  as  well  as  to  propagate  the  fpecies, 
through  all  ages  to  the  end  of  time. . 

SECT.  V. 

• * • v,  r > . 4 * t 

The  Jimilar  Operations  of  Plants  and  Animals . . 

IT  is  with  admiration  and  pleafure  we  take  notice  of 
the  regular  a&ions  of  animals  even  in  their  earlieft 
hours  of  life,  before  they  can  poflibly  be  taught  any 
thing  by  remark  or  imitation.  Obferve  the  young 
fparrows  in  the  neft : fee  how  the  little,  naked  crea- 
tures open  their  mouths  wide  to  their  dam,  as  though 
they  were  fenfible  of  their  dependance  on  her  care  for 
food  and  nouriftiment.  But  the  chicken  juil  releafed 
from  the  prifon  of  the  fhell,  can  pick  up  its  food  with 
its  own  bill,  and  therefore  it  doth  not  open  its  mouth 
to  beg  food  of  the  hen  that  hatched  it.  Yet  the  chick- 
en feems  to  {hew  its  dependance  too:  for  when  the 
firft  danger  appears,  you  fee  it  run  and  fly  to  the  wing 
of  its  dam  for  prote<3ion  ; as  if  it  knew,  that  though  it 
could  feed  itfelf,  yet  it  was  not  able  to  defend  itfelf, 
but  mud  truft  to  the  better  fecurity  of  a parent's  wing. 

We  admire  thefe  little- creatures,  and  their  remark- 
able fagacity ; we  are  furprifed  to  find  that  they  di£ 
tinguifii  lo  happily*  and  purfue  their  proper  intereil ; 
that  they  are  fo  foon  acquainted  with  their  abilities  and 
their  wants,  and  come  to  ufe  their  underftanding  fo 
very  early ; for  it  is  evident,  that  the  mere  faculty  of 
fenfe,  that  is,  the  paflive  reception  of  images  or  Ideas* 
can  never  be  fufKcient  to  account  for  thefe  wondrous 
imitations  of  reafon ; fenfe  has  nothing  to  do  but 
with  the  prefent  imprefllon,  andincludes  no  reflection 
or  profpejdt  of  the  paft  or  the  future,  no  contrivance 
of  means  to  an  end,  nor  any  action  in  order  to  ob- 
tain it. 

But  what  lhall  we  fay,  or  how  lhall  we  account  fpr 
it,  if  we  are  told  there  are  instances  almoft  as  admir- 
able as  thefe  to  be  found  in  the  vegetable  world*  where’ 
we  never  fufoe&  fenfe  or  reafon  ? The  vine,  a a though 
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it  were  fenfible  of  its  own  weaknefs,  thrufts  forth  its 
long  tendrils,  which  curl  round  the  branches  of  any 
stronger  tree  that  {lands  near,  and  thus  it  hangs  its 
weighty  clutters  upon  the  arms  of  the  elm  that  fupport 
it.  Nay,  every  .clutter  has  a tendril  belonging  to  it, 
and  if  any  ftronger  twig  than  its  own  be  within  its  reach, 
it  hangs  itfelf  there  by  this  tendril  for  fupport.  The 
hop  and  the  lupin,  or  French  bean,  as  though  they 
knew  they  could  not  ftand  by  themfelves,  find  another 
way  to  raife  their  heads  on  high  ; they  twine  the  whole 
length  of  their  bodies  round  the  poles  or  the  rods 
which  are  planted  near  them ; and  thus  their  growth 
and  their  fruit  are  upheld  from  rotting  upon  the 
ground.  The  ivy,  for  the  fame  reafon,  but  by  another 
contrivance,  climbs  up  the  oak,  and  (licks  clofe  to  its 
fides ; and  the  feeble  plant  which  we  vulgarly  call  the 
creeper,  that  can  hardly  raife  itfelf  three  feet  high  alone, 
thrufts  out  its  claws  at  proper  diftances,  fixes  them  faft 
in  the  neighbouring  wall  or  building,  and  mounts  by 
this  means  to  the  tops  of  the  higheft  houfes.  What 
•variety  of  artifice  is  found  here  among  thefe  feeble  ve» 
getabfes  to  fupport  themfelves  ! 

/ Yet  we  believe  thefe  plants  have  no  underftanding, 
and  mankind  are  all  agreed  they  have  no  fuch  thing  as 
fenfe  belonging  to  them;  and  we  immediately  recur 
to  the  wifdom  of  God  the  Creator,  and  aferibe  the  con- 
trivance and  the  honour  of  it  to  him  alone.  It  was  he 
,(swe  fay)  who  gave  the  vine  its  curling  tendrils,  and 
the  creeper  its  hooky  claws : it  was  he  inftru&ed  the 
one  to  bind  itfelf  with  natural  winding  cords  to  the 
houghs  of  a ftronger  tree,  and  he  taught  the  other  as 
it  were,  to  nail  itfelf  againft  the  wall.  It  was  he  fhewed 
the  ivy  to  afeend  ftraight  up  the  oak;  and  the  hop  and 
the  lupin,  in  long  fpiral  lines,  to  twine  round  their  pro- 
per fupporters. 

Let  us  inquire  now,  What  do  we  mean  by  fuch  ex- 
preflions  as  thefe  ? Truly  nothing  but  this  ; that  God' 
formed  the  natures  of  thefe  vegetables  in  fuch  a man- 
ner, as  that  by  certain  and  appointed  rules  of  mechani- 
cal motion,  they  (hould  grow  up  and  move  their  bo- 
dies and  their  branches  fo,  as  to  raife  and  to  uphold 
themfelves  and  their  fruit*  Thus  the  wifdom  of  God, 
the  great  Artificer,  is  glorified  in  the  vegetable  world. 

And 
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And  why  fliould  we  not  give  God  the  Creator  the 
fame  honour  of  his  wifdom  in  the  animal  world  alfo  ? 
Why  may  not  we  fuppofe  that  lie  has  formed  the  bo- 
dies of  brute  creatures,  and  all  their  inward  fprings  of 
motion,  withfuch  exquifite  art,  as  even  in  their  young- 
eft  hours,  without  reafoning  and  without  imitation,  to 
purfue  thofe  methods  as  regularly  which  are  heceffary 
for  their  life  and  their  defence,  by  the  fame  laws  of  mo* 
tion  and  the  fame  unthinking  powers  ? This  is  nature, 
when  God  has  appointed  it.  This  feems  to  be  the  true 
idea,  and  the  cleareft  explication  of  that  obfcure  word, 
Inftintf. 

If  we  allow  thefe  young  animals  to  perform  all  their 
affairs  by  their  own  contrivance  and  fagacity,  why  do 
not  we  afcribe  the  fame  fagacity  and  artifice  to  vines 
and  ivy,  that  we  do  to  young  fparrows  or  chickens  i 
The  motions  of  the  plants  are  flower  indeed,  but  as  re- 
gular and  rational  as  thofe  of  the  animals ; they  fhew  * 
as  much  defign  and  contrivance,  and  are  as  neceffary 
and  proper  to  attain  their  end.  « 

Befides,  if  we  imagine  thefe  little  young  birds  to  prac- 
tife  their  different  forms  of  motion  for  their  nourifh- 
ment  or  defence  by  any  fprings  of  reafon,  meaning,  or 
defign  in  themfelves,  do  we  not  afcribe  underftanding 
to  them  a little  too  foon,  and  confefs  their  knowledge 
is#much  fuperior  to  our  own,  and  their  reafon  of  more 
early  growth  ? Do  we  not  make  men,  or  rather  angels 
of  th^m,  inftead  of  brute  creatures  ? But  if  we  fup- 
pofe them  to  be  actuated  by  the  peculiar  laws  of  animal 
- - motion,  which  God  the  Creator,  by  % long  forefight 
has  eftablilhed  amongft  his  works,  we  give  him  the  ho- 
nour of  that  early  and  fuperior  reafon,  and  we  adore 
the  Divine  Artificer.  " Pfalm  cxlv.  10.  All  thy  works 
(hall  praife  thee,  O Lord.” 

But  we  are  loft  among  thefe  wonders  of  thy  wifdom ! 
We  are  ignorant  of  thy  divine  and  inimitable  contri- 
vances ! What  fhall  we  fay  to  thee,  thou  All-wife, 
Creating  Power  ! Thy  works  furprife  us the  plants 
and  the  brutes  puzzle  and  confound  our  reafonings  ; 
we  gaze  at  thy  workmanfhip  with  facred  amazement : 
thy  ways  in  the  kingdom  of  nature  are  untraceable, 
and  thy  wonders  paft  finding  out. 

But 
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But  what  will  fome  readers  fay  when  they  perufe 
thefe  difcourfes  ? Are  plants  and  brutes  fo  very  near  • 
a-kin  to  each  other  ? Creatures  which  we  have  always 
diftinguifhed  into  the  fenfible  and  the  fenfelefs  ? Have  ' 
birds  and  beafts  no  more  perception  or  feeling,  know- 
ledge'or  confcioufnefs,  underftanding  or  will  than  the 

herbs  the  trees  and  the  flowers  ? Is  the  grafs  of  the  S 
, field  as  wife  a thing  as  the  animal  which  eats  it  ? Ex- 

cuse me  here,  my  ^friends : I dare  affert  no  fuch  para- 
doxes. What  if  fome  of  the  early  actions  of  brute  crea- 
tures are  merely  the  effedts  of  fuch  machinery  and  in- 
i' Hina:  as  I before  defcribed  ? It  does  not  follow  thence, 

that  all  the  actions  and  operations  of  their  lives  mull 
be  afcribed  to  fuch  a mechanical  principle.  Even  in 
human  nature,  where  there  is  an  undoubted  principle 
of  fenfe  and  reafoning,  there  are  fome  early  actions 
which  feem  to  be  the  proper  effedts  of  fuch  inftindt  or 
mechanifm,  and  are  owing  to  the  wondrous  divine  ar- 
tifice in  the  contrivance  of  their  animal  bodies,  and 
not  to  any  exercife  of  their  own  reafoning  powers. 
How  doth  the  infant  hunt  after  die  breaft,  and  take  it 
into  its  mouth,  moving  the  lips,  tongue,  and  palate  in 
the  moft  proper  forms  for  fucking  in  the  milk  tonoti- 
rifh  it  ? How  does  it  readily  Ihut  the  eyes,  to  cover  ' -• 
them  from  any  danger  near  ? How  does  it  raise  its 
cries  and  wailing  aloud  for  help  when  it  is  hurt? 
Thefe  are  certainly  the  effedts  of  inftindl  in  their  out- 
ward members,  as  much  as  the  circulation  of  their 
blood  and  the  digeftion  of  their  food  in  their  bowels 
and  inward  parts. 

It  is  certain,  there  are  feveral  operations  in  the  lives 
of  brute  creatures,  which  feem  to  be  more  perfedt  imi- 
tations of  reafon,  and  bid  fairer  for  the  real  effea  of  a 
reafoning  principle  within  them,  than  thefe  early  a&ions 
, which  I have  mentioned.  What  ftrange  fubtilty  and 
contrivance  feem  to  be  found  in  the  adlions  of  dogs  and 
foxes  ? What  artifices  appear  to  be  ufed  both  by** 
birds  and  beafts  of  prey,  in  order  to  feize  the  animals 
which  were  appointed  for  their  food,  as  well  as  in  the 
weaker  creatures  to  avoid  and  efcape  the  devourer  ? 
How  few  are  there  of  the  paflions,  as  well  as  the  appe- 
tites of  human  nature,  which  are  not  found  among  fe- 
veral of  the  brute  creatures  ? What  refentment  and 
\ Von.  II.  H efe- 
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■rage  do  they  difcover  ? What  jealoufy  and  fear, 
what  hope  and  defire,  what  wondrous  inftances  of  love 
and  joy,  of  gratitude  and  revenge  ? What  amazing 
appearances  of  this  nature  are  obferyed  in  birds  and 
beads  of  the  more  docile  and  domeftic  kind  ? Such  as  - 
puzzle  the  wifeft  of  phijofophers  to  give  a plain,  fair 
and  fafisfadtory  account  'how  all  thefe  things  can  he 
performed  by  mechanifm,  or  the  mere  laws  of  matter 
and  motion  ? But  how  many  actions  foever  may  be 
performed  by  brute  creatures,  -without  any  principle  of 
fenfe  or  confcioufnefs,  reafcm  or  reflexion,  yet  thefe 
things  can  never  be  applied  to  human  nattrre.  Jt  can 
never  be  faid,  that  man  may  be  an  engine  too,  that 
, man  may  be  only  a finer  fort  of  machine,  without  a 
rational  and  immortal  fpirit.  And  the  Teafon  is  this. 

Each  of  us  feel  and  are  confcious  within  onrfelves,  that 
we  think,  that  we  reafon,  that  we  reflect,  that  we  con- 
trive and  defign,  that  we  judge  and  chufe  with  free- 
dom, and  determine  our  own  adbions : we  can  have  no 
ftrohger  principle  of  affent  to  any  thing  than  prefent, 

, immediate,  intellectual  confcioufnels.  If  I am  a&r. 
ed  of  the  truth  of  any  inference  whntfoever,  it  is  be- 
eaufe  I am  fure  of  my  confcioufnefs  of  the  premiles 
and  of  my  confcioufnefs  that  l derive  this  inference 
from  them.  * My  confcioufnefs  of  thefe  premifes  there-- 
fore  is  a prior  ground  of  affurance,  and  the  foundation 
ef  all  my  certainty  of  the  inferences.  Let  a thonfand  J 

reafons  therefore  be  laid  before  roe,  to  prove  that  I a® 
nothing  but  an  .engine,  my  own  inward  prefent  confci- 
oufnefs of  this  pr-opofition,  that  I have  thoughts,  that  J 
have  reafoning  powers,  and  that  I have  a will  and  free 
choice,  is  a full  evidence  to  me  that  thefe  are  falfe  rea- 
fonjngs,  and  deceitful  arguments ; 1 know  and  ;tm  afc 
fiiredy  by  what  Ifeelevery  moment,  that!  have  a fpi- 
rit  within  me  capable  of  knowing  Godrand  of  honour- 
ing or  diflionoutavg  my  Maker,  of  ebufing  good  or 
evil,  of  pradtifing  vice  or  virtue, -and  that  I hereby  am 
bound  to  approve  myfelf  to  the  Almighty  Being  that 
made  and  governs  me,  who  will  reward  me  in  fount 
future  ftate  or  other,  according  to  my  behaviour  in 
Ais. 

And  as  • I can  certainly  determine  this  truth,  with 
regard  to  my  own  nature,  fe  when  idee  creatures  round 
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about  me  of  the  very  ftme  fpedes  with  myfelf,  I jiiftly 
infer  the  fame  truth  concerning  them  alfo  : I conclude 
with  aflurance,  that  they  are  not  mere  engines,  but 
have  fuch  reafcna}>le'and  immortal  fpirits  in  them,  as 
I find  in  myfelf.  It  is  this  inference  of  fimilar  and 
equal  caufes  from  fimilar  and  equal  effects  that  makes 
a great  part  of  the  fcience  of  mankind. 

Befides,  I daily  hear  men  difcourfing  with  me  on 
any  fubjeft,  and  giving  as  regular  and  reafonable  an- 
fwers  to  my  inquiries,  as  I do  to  theirs  : 1 feel  within 
myfelf,  it  is  impoflible  for  me  to  do  this  without  think- 
ing, without  the  careful  eyercife  of  my  intelleftual  and 
reafoning  faculties,  fuperior  to  all  powers  of  mecha- 
nifm  ; and  thence  I infer,  it  is  as  impoflible  for  them 
to  pra<5Hfe  the  fame  dtifcourfe  or  converfation,  with  but 
the  powers  of  a rational  and  intelligent  fpirit,  which  in 
its  own  nature  is  neither  material  nor  mortal. 

Let  the  queftion  therefore  which  relates  to  Brute 
creatures  b6  determined  to  any  fide,  it  does  not  at  dll 
affe£t  the  nature,  the  reafon,  or  the  religion  of  rtiafri- 
kind.  It  is  beyond  all  doubt,  that  man  is  a irOatUte 
which  has  an  intelligent  mind  to  govern  the  machine 
of  his  body  ; that  man  has  knowledge,  and  judgment, 
and  free  choice ; and  unlefs  he  approve  his  condttCt  to 
the  eyes  of  his  Creator  and  his  Judge,  in  this  ftate  of 
mortality  and  trial,  he  expofes  himlelf  to  the  juft  ven- 
geance of  God  in  his  future  and  immortal  ftate. 

It  is  certain,  that  the  All-wife  and  All-righteous  Gd-  * 
vernor  of  intelligent  creatures,  will  not  appoint  the 
very  fame  fate  and  period  to  the  pious  and  the  prdfane  ; 
neither  his  wifdom,  his  equity,  nor  his  goodnefs,  will 
fuffer  him  to  deal  out  the  fame  bleflmgs  and  the  fame 
events  in  every  ftate  of  exiftence,  to  thole  uhb  have 
loved  him  with  all  their  fouls,  and  thofe  who  have  hated 
and  blafphemed  his  name.  It  is  the  glory  and  the  in- 
tent of  the  Supreme  Ruler  of  the  univerfe,  to  mgke  a 
Confpicuous  and  awful  diftintfion  in  one  world  o/ Smo- 
ther, between  thofe  who  have  endeavoured  to  fefve 
him,  and  to  render  his  majefty  honoura'bie  among  men, 
and  thofe  who  have  impioufiy  abufed  all  his  favours, 
ridiculed  his  thunder,  and  robbed  him  of  his  choiceft 
honours.  But  if  philosophy  I hould  fail  us  here,  if  it 
were  poffible  for  creatures  of  fuch  different  characters 
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- to  -have  nothing  in  their  own  natures  which  was  im- 
mortal, yet  it  is  a very  reafonable  thing, . that  the 
great  Judge  of  all  (liquid  prolong  their  beings  beyond 
this  mortal  ftate,  that  the  fons  of  vice  might  not  gp 
triumphant  off  the  ftage  of  exiftence,  and,  that  the  men 
of  virtue  might  not  be, always  opprefled,  nor  come  to  a 
period  of  their  being,  without  fome  teftimony  of  the 
. approbation  of  the  God  that  made  them. 
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CHAP.  III. 


jOf  Metals,  Minerals,  and  other  Fossils, 

1.  The  Variety  of  Foffils . 

2.  The  general  Properties  of  Metals *, 

3.  Of  the  Nutrition  and  Generation  of  Metals * 

4.  Of  Gold*  Silver,  Platina,  Copper y Iron , Tin,  Lead* 
5*  Of  Steel* 

6.  Of  Quiclfilver * 

7.  0/*  Min^s* 

8.  0/*  Mundic * 

9.  Of  the  Fiffures  of  the  Earth* 

10.  Of  Salts?  \ . 

11.  Of  Stones * 

12.  0/* petrifying  Springs. 

13*  Of  Copper  Springs. 

14.  Of  Lime* 

15.  Of  precious  Stones. 

16.  Of  the  Loadjlone . 

17.  Of  inflammable  Fojfils* 

18.  Of  Amber* 

19.  Of  Linum  Afbeftum . 


1.  A MONG  the  bodiesthat  remain  to  be  confideretj, 
thofe  which  feem  to  bear  the  neareft  refem- 
blance  to  plants,  are  foffils,  comprehending  under  the 
name,  all  bodies  that  are  dug  out  of  the  earth.  Thefe 
have  frequently  been,  for  order’s  fake,  divided  into 
three  claffes,  fuch  as  are  capable  of  liquefaction  5 fuch 
as  are  reducible  to  a cal*;  and  fuch  as  are  inflam*. 
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liable.  . Of  the  firft  clafsare  metals,  gold,  filver,  pla- 
ttna,  copper,  iron,  tin,  lead,  quickfilver.  However  thefd 
differ  in  other  refpe&s,  they  all  agree  in  the  following 
particulars.  That  they  are  heavier  than  any  other 
bodies  yet  known ; that  they  are  malleable ; and  that 
they  are  capable  of  liquefadti  on. 

2.  It  is  not  improbably  fuppofed,  all  metals  confift’* 
of  particles  fo  heavy;  that  they  cannot  be  wholly  torir 
afunder  or  diffipated  by  fire,  or  put  into  fo  rapid  a 
motion  as  to  inflame.  It  only  Separates  them  fo  far  as* 
not  to  reiUHt  hard  body,  which  is  what  we  term  lique- 
fa&io n.  Their  malleablenefs,  or  bearing  to.be  wrought 
by  the  hammer,  may  fpring  from  the  figure  of  their 
parts,  perhaps  oblong  of  fquare,  which  may  occafion 
their  cohering  fo  ftrongly,  as  not  eafily  to  be  feparated. 
And  it  is  probable  the  pores  either  of  their  conftituent 
particles,  or  of  the  whole  mafs,’  are  few  and  fmall, 
which  may  account  for  their  being  fo  much  heavier 
than  any  other  known  bodies.'  - 

. This  is  the  radical  character  of  metals.  The  weight 
of  gold  to  that  of  glafs  is  as  nine  to  one;  and  the 
weight  of  tin,  the  lighted  of  all  metals,  is  to  that  of 
gold  as  feven  to  nineteen  : which  confiderahly  furpaffes 
the  weight  of  all  ftones  and  other  the  moft  jfolid  boi 
dies.  Nor  is  there  any  body  in  nature  but  a metal, 
that  is  one  third  of  the  weight  of  gold.  > , .0  . 

The  lpecific  weight  of  the  feveral  metals,  and  of  the 
granite  water  and  air,  ftands  thus : : 

I * 

Gold  . 19636  - Iron  7852  " 

Quickfilver  14019  Tin  7321 

• Lead  11345  Granite  . 3978  > 

Silver-  10535  Water  1000* 

Copper  8843'  Air  . -|-T>  . 

' - * t * - X*  > 1 2%  ■ * • - JLi  u*  '.J 

, 3"  The  nutrition  of  metals  feems  to  confift i only  in 
the  accretion  of  homogeneous  parts,  which  is  not  im- 
probably fuppofed  to  continue,  while  they  lie  in  their 
native  bed.  Many  fuppofe  they  have  lam  there  ever 
ftnce  the  flood,  if  not  ever  fince  the  creation.  Whethet 
they  have  or  not,  they  feem  to  grow  as  long  as  they 
remain  therein.  And  after  thefe  beds  bave  beert 
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emptied  by  miners,  in  time  they  recruit  again.  Yea, 
the.  earth,  or  ore.  of  allum  will  recruit  again  above 
ground,  if  it  be  expofed  to  the  open  air.  And  fo  in  the 
foreft  of  Deane  -the  beft  iron,  and  in  the  greatell 
quantities,  is  found  in  the  old  cinders  melted  over, 
again. 

However,  it  has  long  been  difputed,  whether  metals 
are  generated,  or  were  all  originally  produced  at  the 
ereation:  and  whether  there  be  any  general  feeds  of 
metals,  as  fome  fuppofe  antimony  to  be.  This  is  in- 
deed a ioffil  of  a vei'y  peculiar  nature.  It  is  a kind  of 
undetermined,  metallic  fubftance,  mixed  with  ftony  and 
fiilphureous  particles,  fo  that  it  is  hard  to  reduce  ifc  to 
any  clai's.  It  is  found  in  mines  of  all  metals,  but 
chiefly  in  filver  or  lead,  mines.  That  in  gold  mines  is 
aounted  the  beft.  It  has  alfo  its  own  peculiar  mines. 
It  lies  in  clods  of  ftveral  fizes,  nearly  refembling  black 
lead,  but  is  full  of  fmall  fhining  threads,  like  needles* 
brittle  as  glafs.  It  melts  in  the  fire,  though  with- 
fome  difficulty.  Its  ufes  are  very  numerous.  It  is  a, 
medicine  offovereign  ufe  in  many  cafes,  when  warily 
and  properly  adminiftered.  It  is  a common  ingre- 
dient in  burning  concaves,  ferving  to  give  the  compct- 
fiiton  a finer  texture.  It  makes  a part  in  bell-metal, 
in  order  to  render  the  found  more  clear.  It  is  mingled 
with  tin,  to  make  it  more  hard,  as  well  as  of  a brighter, 
colour,  and  with  lead,  in  calling  of  printers’  letters, 
so  render  them  more  fmooth  or  firm.  It  is  alfo  a ge- 
neral help  in  cafting  of  metals,  and  efpecially  in  catt- 
ing cannon-balls. 


4.  Gold  is  either  found  in  fmall  grains  in  the  fund 
©f  rivers,  (formerly  in  feveral  of  the  rivers  of  Europe) 
©r  is  dug  out  of  the  earth,  in  fmall  pieces  pf  a tole- 
rable purity.  Sometimes  it  is  alfo  found  like  the  ore 
©f  other  metals,  in  a mafs  of  earth,  ftone,  or  fulphur. 
ha  this-  ftate  it  is  of  all  colours,  red,  white,  blackdh, 
making  no  o dentation  of  its  real  value. 

The  chilf  properties  of  gold  are,  1.  It  is  the  hea- 
vied,  though  not  the  hardeft  of  bodies.  2.  It  is  the  mod 
ductile  and.  malleable  of  all  metals,  of  which  gold-- 
beaters and  wire-drawers  give  us  an  abundant  proof. 
Btft  this  depends  altogether  (incomprehenfible  as  it  is) 
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#n  its  being  free  from*  fulphur.  For  mirbut  one  gi^hr 
of  fulphur  with  a thoufand  of  gold,  and  it  is  malleable 
no  longer.  3.  It  is  more  fixed  in  the  fire  than  any 
other  metal.  Lay  a quantity  of  gold  two  months  ii* 
the  intenfeft  heat,  and  when  it  is  taken  out,  there  is  no 
fenftble  diminution  of  its  weight  And  yet  in  the 
focus  of  a large  burning  glafs,  it  volatilizes  and  eva- 
porates. Yea,  many  thotifands  of  mordores  were 
wholly  confirmed,  others  half,  or  a quarter  confumedy 
by  the  flames  which  broke  out  of  the  earth,  during  the 
late  earthquake  at  Liffeon5.  Gold  may  likewile  by  a 
glafs  be  fufed  into;  as  fort  of  calx,  and  then  vitrified. 
But  if  the  fame  be  fufed  again  with  greafe,  it  is  reflored 
into  > gold-  4.  It  is  diffolvable  by  no  menftruum'  . 
known,  but  aqua  regia  and  mercury.  The  bafis  of 
aqua  regia  is  fea-£iit,  the  only  fait  which  has;  any 
effe&  on  gold.  But  this  has  its  effedt,  however  applied, 
whether  in  a fluid  or  folid  form.  5.  It  readily  and 
fpontaneoufly  attracts  and  abforbs  mercury.  But  as 
foon  as  the  mercury  enters  it*  the  gold  becomes  foft 
like  pafte.  ' 6.  It  wrthftands  the  violence  both  of  lead 
and  antimony.  AH  metals  but  gold  and  filver,  melted 
with  lead,  perifh  with  it  and  evap6rate : and  all  but 
gold*  if  melted  with  antimony.  Thus  melt  gold,  fiL 
ver,  copper  and  tin  with  antimony,  aud  all  the  reft 
rife  to  the  top,  and  are  blown  off  with  bellows,  but  the 
gold  remains  behind*  Hence  antimony  is  ufed  as  the 
teft  of  gold. 

" The  tfialleablenefs  or 'ductility  of  gold  is  beyond  all 
imagination.  By  exaft  weighing  and  computation  it 
has  been  found,  that  there  are  gold  leaves,  which  in 
fh me  parts  of  them  arc  fcarce  350000th  part  of  an 
inch  thick.  And  yet  this  is  a notable  thicknefs  in  coin- 
parifon  of  tba|  of  the  gold  Cpun  on  filk  in  gold  thread* 
It  has  been  proved,  that  the  breadth  of  thefe  gold: 
plates  is  only  the  96th  part  of  an  inchy  and  their  thick- 
nefs  the  3072d : fo  that  an  ounce  of  gold  is  here  ex- 
tended to  a furfaee  of  1 1*90  fquare  feet.. 

, How  thin  Vauft  it  be  when  thus  extended ! In  foroe 
parts  it  has  been  computed,  its  thicknefs  is  only  die 
3* 150,000th  part  of  an  inch ! And  yet  with  this  amazr 
ing  thinnefs,  it  isftill  a perfedt  caver  for  the  filver;  nor 
eaa  the  bell  eye,  or  even  the  beft  microfcope  dUbern 
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. life  leaft  chafm  or  difcontinuity.  Nay,  there  is  not  an 
aperture  to  admit  alcohol  of  wine,  one  of  the  fub- 
tleft  fluids  in  nature  : no,  nor  light  itfelf.  So  clofely 
conne&ed  are  the  particles,  notwithftanding  their  in- 
conceivable thinnefs. 

Silver  approaches  the  neareft  to  gold  in  du&ility  and 
refifting  fire.  Like  the  ore  of  all  other  metals,  it  is 
found  in  the  earth,  under  different  forms  and  colours. 
But  it  ufually  affedts  fomewhat  of  a pointed  regular 
form  like  cryftals.  It  is  never  found  in  fand  or 
grains,  as  native  gold  is.  It  is  fometimes  afh- coloured, 
fometimes  fpotted  with  red  and  blue,  fometimes  of 
changeable  colours,  many  times  almoft  black. 

Although  the  hiftory  of  foflils  has  been  diligently 
cultivated,  efpecially  by  the  moderns,  yet  it  muft  be 
owned,  that  amidit  the  vaft  variety  of  them,  there  is 
ftill  room  for  new  inquiries.  No  wonder  therefore, 
that  among  the  great  variety  of  falts,  ores  and  other 
concretes,  new  mixtures  fhould  daily  be  difcovered. 
But  that  amoug  bodies  fo  Ample  as  metals,  any 
fhould  ftill  remain  unknown,  will  ( appear  extra- 
ordinary. 

- Yet  fo  it  is  : tliere  has  been  difcovered  in  New 
Spain,  an  original  metal  between  gold  and  filver.  The 
Spaniards  call  it  platina,  from  the  refemblance  in  co- 
lour which  it  bears  to  filver.  It  is  of  an  uniform  tex- 
ture, blight  and  fhining.  It  takes  a fine  polifh,  and 
does  not  tarnifli  nor  ruft.  * It  is  very  hard  and  com- 
paft,  but  extremely  brittle,  and  malleable  but  in  a 
fmall  degree. 

It  is  found  chiefly  in  fmall  grains,  yet  not  pure,  but 
mixed  with  a fhining  black  fand.  There  are  likewife 
ufually'  mixed  with  it,  a few  fhining  panicles  of  a 
golden  colour. 

When  expofed  by  itfelf  to  the  fire,  it  is  extremely 
hard  to  melt.  It  has  been  kept  for  two  hours  in  an 
air  furnace,  in  a heat  that  would  melt,  caft  iron  in  fif- 
teen minutes,  without  being  either  melted  or  wafted. 
But  when  expofed  to  a proper  heat  with  gold,  filver,; 
copper,  lead,  or  tin,  it  readily  melts  and  incorporates 
with  them.  Having  been  kept  in  an  aflay^fumace  with 
lead  for  three  hours, . till  all  the  lead  was  wrought  off. 

It 
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it  was  found  remaining  at  the  bottom,  without  fray- 
ing fuffered  any  alteration  or  diminution*.  A pidce  of 
it  was  put  into  ftrong  aquafortis,  and  kept  in  a fand- 
heat  for  twelve  hours,  yet  when  taken  out,  it  was 
ways  corroded,  and  was  of  the  fame  weight  as  when 
put  in.  It  has  been  faid  to  be  heavier  than  gold  : but 
that  is  a miflake.  Its  fpecific  gravity  is  to  that, of 
water,  as  fifteen  to  one.  Yet  an  equal  mixture  of 
gold  and  platina,  was  near  as  heavy  as  gold  itfelf, ^be- 
ing to  water  as  nineteen  to  one.  It  appears  then,  that 
no  known  body  comes  fo  near  gold  in  fixedaeis  and  fo- 
h’dity  If  it  could  be  made^as  dudtile  as  gold,  it  Would 
not  eafily  be  diftinguifhed'  from,  it. 

Platina  is  likewife  found  in  large,  hard  maffes*: 
thefe  maffes  are  with  great  labour,  reduced  into  fmall 
grains,  which  are  afterwards  ground  with  mercury  to 
extradl  the  gold  ; and  it  is  not  to  be  brought  into  fu- 
ll on  by  the  greateft  degree  of  fire  procurable  in  the 
ordinary  furnaces.  It  entirely  refills  the  vitriolic  acid*.- 
which  diffolves  or  corrodes  every  other  known  metallic 
body  except  gold.  Nay,  it  refills  the  marine  fumes,  and 
the  regal  cement,  fo  called,  from  its  being  fuppofed  to 
purify  gold  from  all  heterogeneous  metallic  matters. 
It  alfo  refills  the  force  of  the  vitriolic  and  nitrous 
acids,  though  applied  in  fuch  a manner  as  to  be' 
capable  of  perfectly  drffolving  all  other  known  metallic 
bodies.  Jt  follows  from  other  experiments,  that  pla- 
tina contains  no  gold  ; for  it  cannot,  any  more  than 
the  common  metallic  fub  (lances,  prevent  a fmall  por- 
tion of  gold  mixed  with  it  from  being  difcoverable.  It 
farther  appears,  that  platina,  like  gold,  is  not  adted  on 
by  the  Ample  acids  which  diilolve  every  metallic  body 
befides  : that  aquae  regiae,  the  folvents  of  gold,  prove 
menftrua  for  platina  ; and  that  eonfequently  the  com-  - 
mon  methods  for  allaying  or  purifying  gold  by  aqua- 
fortis, aquae  regiae,  or  the  regal  cement,  can  no  longer 
be  depended  on  : that  it  differs  from  gold,  in  giving  . 
no  (lain  to  the  vfolid  parts  of  animals,  not  ftriking  a 
purple  colour  with  tin,  not  being  revived  from  its  fo- 
lutions  by  inflammable  Tpirh^r  not  being  totally  pre- 
cipitable  by  alcaline  falts  ; that  in  certain  circumftances  >_ 
it  throws  out  gold  from  its  folntions  that  thefe  pro- 
perties afford  means  of  djftinguifhing  a fmall  portion 
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gold  mixed  with  a large  one  of  platina,  or  a finsfll 
portion  of  platina  with  a large  one  of  gold ; and  that 
platina  contains  no  gold,  excepting  the  few  particles 
diftinguiftied  by  the  eye.  That  platina  is  precipitated 
from  its  folutions  by  the  vitriolic  acid,  and  by  the  me* 
tallic  fubftances,  which  precipitate  gold,  though  fcarce 
totally  by  any  : and  that  its  precipitates  refift  vitrifi- 
cation, and  this  perhaps  in  a more  perfect  manner  than 
precipitates  of  gold  itfelf.  It  is  therefore  a Ample 
metal  of  a particular  kind,  eflentialiy  diftinCf  from  all 
thofe  hitherto  known,  though  poflefled  of  feme  pro- 
perties generally  fuppofed  peculiar  to  gold.  Many  of 
its  characters  have  been  already  pointed  out ; others 
refult  from  combining  it  with  the  feveral  metals, 
with  each  of  jvhich,  notwithftanding  its  refiftance  to 
the  moft  intenfe  fires  by  itfelf,  or  with  unmetallic  ad- 
ditions, it  melts  perfectly  ; cccafioning  remarkable  al- 
terations in  their  colours,  texture,  and  hardnefs.  It 
melts  writh  equal  its  weight  of  each  of  the  metals, 
with  one  more  readily  than  with  another.  With  feme 
it  becomes  fluid,  in  a moderate  fire;  but  a ftrong  one 
is  requifite  for  its  perfeCl  folution.  Compofhions  of 
filver,  copper,  lead,  with  about  one  third  their  weight 
of  platina,  which  had  flowed  thin  enough  to  run  freely 
in  the  mould,  and  appeared  to  the  eye  perfectly  mfxed, 
on  being  dlgefted  in  aquafortis  till  the  menftruum 
ceafed  to  aCt,  left  feveral  grains  of  platina  i**  their  ori- 
ginal form.  Upon  viewing  thefe  with  a microfccpe, 
fome  appeared  to  fuffer  r*o  alteration ; others  exhibited 
an  infinite  number  of  minute,  bright,  globular  protu- 
berances, as  if  they  had  juft  begun  to  melt.  Pla- 
tina hardens  and  ftifTens  all  metals  5 one  more  than 
another,  lead  the  moft.  In  a moderate  quantity  it 
diminilhes,  and  in  a large  one  deftroys  the  toughnefs 
of  all  the  malleable  metals,  but  communicates  fome 
degree  of  this  quality  to  caft  iron.  Tin  bears  much 
the  lead,  and  gold  and  filver  the  greateft  quantity, 
without  the  lofs  of  their  malleability.  A very  fmall 
portion  of  platina  fcarce  injures  the  colour  of  copper 
and  gold : a larger  lenders  both  pale.  A far  lefs 
quantity  has  lefs  effect  on  copper  than  on  gold.  It 
debafes  and  darkens  in  proportion  to  its  quantity,  the 
colour  of  the  white  metals ; that  of  filver  much  the 
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lead,  and  of  lead  the  moft.  It  in  good  measure  pre- 
ferves  iron  and  copper  from  tarn  idling } fcarce  alters 
gold  or  filver  in  this  refpeft  : makes  tin  tamilh  foon, 
and  lead  exceeding  quick. 

t. 

Copper  comes  next  to  filver  in  duffilityv  Brafs  is 
an  artificial  metal,  compofed  of  copper  fufed  with 
lapis'  caliminaris.  Iron  is  lefs  du£lile  than  any  of  thefe, 
and  contains  more  drofs.*  It  likewife  eafily  vuftsr 
whereas  filver  feldom  rufts*  and  gold  feldom  either 
rufls  or  cankers.  Tin  tefembles  lead  f but  is  confi- 
dently harder,  and  not  near  fo  heavy.  Indeed  it 
feems  to  be  a fort  of  imperfeft  metal,  generated?  of  two* 
different  feeds,  that  of  filver,'  and  that  of  lead,  which 
makes  it  a kind  of  compound  of  both.  And  it  is 
fometimes  found  in  filver  mines,  fometimes"  in  lead 
mines,  though  it  has  alfo~  mines  of  its  own.  It  is? 
the  lighteft  of  all  metals,  very  little  du&ile  or  elaftic, 
but  the  moft  fufible  of  all.  It  is  fcarce  diffolvable  with 
acids,  but  eafily  mixes  with  other  metals. 

Of  all  the  fubftances  concurring  to  form  the  ter^ 
peftrial  globe,  iron  feems*  to  have  the  greateft  fhare  p 
as  it  not  only  abounds  in  moft  kinds  of  (tone,  but  enters 
greatly  into  the  compofkion  of  clay.  This  may  Be1 
judged  from  the  fimilitude  of  colour  between  clay  and 
dry  iron  ore,  from  the  eafy  vitrification  of  clay,  from 
the  refemblance  of  vitrified  clay  to  clinkers  of  iron,/ 
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* The  spirit  of  vitriol  being' mixed  with  iron,  after  ferment-* 
ing*  produces  a green  vitriol  like  the  natural  one.  But  if  fan 
spirit  of  vitriol*  you  use  oil  of  vitriol,  which  is  the  most  acid 
part  of  that  mineral,  there  happens  immediately  a small  fermen- 
tation, which  is  quickly  over.  That  fermentation  begins  again 
in  a few  days,  under  the  form  of  a white  smoke,  which  rises  to 
the  surface,  and  the  whole  mass  of  iron  turns  into  a very  v/bite 
pap  which  smells  like  common  sulphur.  When  the  fermentation 
is  over,  the  iron,  instead  of  turning  into  green  vitriol,  becomes' 
on  a sudden  white  vitriol  Mean  time  there  is  on  its  surface  a 
black  dust,  which  is  has  thrown  up.  It  seems  this  would  have 
made  it  green.  For  if  white  vitriol  be  mingled  with  this  dust,  it 
acquires  a green  colour.  . 

f White  lead  is  thin  prates  of  lead  dissolve^  in  vinegjtr. 

Red  lead  is  commonly  calcined. 

Black  lead  (very  improperly  «o  called)  is  only  a chalky  kind 
•f  earth. 
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from  its  deep  red  colour  after  calcination,  and  laftly, 
from  its  yielding  pure  iron,  by  being  burnt  with  oil. 

Dr.  Lifter  has  fhewn,  that  ftones  out  of  the  human 
bladder  being  calcined,  iron  may  be  extrafled  from  them 
by  a loadftone.  And  there  is  fcarce  any  terreftrial  fub- 
ftance,  either  in  men,  brutes;  or  plants,  which  after 
burning  doth  not  exhibit  feme  metallic  particles.  Dr. 
Bucher  fays,  that  out  of  brick-earth,  mixed  with  any 
fat  or  oil,  and/calcined  in  the  fire,  he  hath  produced 
iron : for  it  is  only  the  iron  that  caufes  the  rednefs  of 
-the  bricks  : and  it  can  be  extracted  from  them  again* 
Moreover,  metals  are  dilfolved  by  the  falts  and  moif- 
turein  the  earth,  and  fo  mix  with  the  nutritious  juices 
of  vegetables  ; hence  it  may  in  fome  refpefts  be  faid, 
that  we  eat  metals  with  the  greeted  part  of  our  food. 

v > * - <%■  * . .*  •*  ) * . " * . 

The  arbor  Martis  is  a germination  of  iron,  refemb- 
ling  a natural  plant.  The  manner  of  its  difeovery 
was  this.  One  poured  oil  of  Tartar  on  iron  filings* 
difiolved  in  fpirits  of  nitre  in  a glafs.  Prefently  the 
iiquer  fwelled  much,  though  with  little  fermentation, 
and  was  no  fooner  at  reft,  than  there  arofe  a fort  of 
branches  adhering  to  the  glafs,  which  increafed  till 
they  covered  it  all  over.  And  thefe  branches  were  fo 
perfeft,  that  one  might  even  difeover  a kind  of  leaves 
and  dowers  thereon.  The  experiment  has  iince  been 
frequently  repeated,  and  with  the  lame  luccefs. 

A friend  of  mine  (hewed  me  an  experiment  of  the 
Tame  kind.  In  a glafs  placed  over  a moderate  fire, 
there  was  a continual  budding  of  filver,  in  the  form  of 
a branch.  When  this  was  clipped  off  with  feiffars,  and 
a little  crude  mercury  added,  in  a (mall  time  there 
arofe  another  branch  of  true  filver,  which  had  fucked 
in  and  converted  into  metallic  fprings,  a conliderable 
portion  of  the  quickfilver.  The  increment  of  new 
filver  branches  ceafed  not,  as  long  as  the  fire  was  con- 
tinued and  frefti  mercury  fupplied,  for  the  due  nutri- 
ment of  this  mineral  vegetation.  .The  ingredients  were 
only  aquafortis,  quickfilver,  and  a fmall  quantity  of 
filver,  far  lefs  tjaan  you  may  reap  in  a fmall  time  from 
thefe  filver  fprigs.  Yet  far  more  expenfe  is  blown 
away  in  finoke,  than  can  be  recovered  from  this  filver. 
harveft. 
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* Not  much  unlike  this  was  an  experiment  made  by  a 
: gentleman,  who  kept  in  a cabinet  fome  pieces  of  fire- 
ftone  from  a coal-pit,  and  fome  large  pieces  of  crude 
alum-done,  fuch  as  it  was  when  taken  out  of  the  rock. 

- After  a time  both  thefe  had  ftiot  out  tufts,  of  long  and 
{lender  fibres  : fome  of  which  were  half  an  inch  long, 
bended  and  curled  like  hairs.  And  as  often  as  thefe 
tufts  were  w-iped  off,  they  fprou ted. out  again. 

* 

But  both  of  thefe  fall  fhort  of  what  is  related  by  a cu- 
rious naturalift.  “ Having  extracted  the  falts  out  of  a 
quantity  of  fern-allies  after  the  common  method,  mod 
**  of  the  water  being  evaporated.  I had  feveral  pounds 
of  fait,  mod  of  which  being  dried,  I expofed  the  reft  to 
the  air.  Having  put  it  into  a large  glafs,  I forgot  it 
for  five  or  fix  weeks  : looking  after  it  then,  I was  fa- 
inted with  a pleafing  fpe&acle.  The  lixivium  had  de- 
poiited  a large  portion  of  fait,  out  of  which  fprung  at  a 
fmall  diftance  from  each  other,  about  forty  branches, 
which  exa&ly  refemble  fern,  putting  out  many  leaves 
on  each  fide,  from  one  ftem.  They  were  of  different 
lizes,  but  the  figures  of  all  were  precifely  the  fame. 
And  thefe  artificial  vegetables,  taking  care  not  to  fhake 
them,  I preferved  for  many  weeks.” 

And  yet  the  following  account  is  ftranger  ftill.  “ I 
mixed  equal  parts  of  Sal  Ammoniac  and  pot^afiies 
which  were  put  into  a tall  glafs  body,  with  plenty  of 
volatile  fait  fublimed.  I expe&ed  no  unufual  appear- 
ance from  this,  having  often  repeated  the  operation. 
Being  called  out  juft  as  the  fait  began  to  appear,  how 
was  I amazed  at  my  return,  to  fee  in  the  glafs-head  a 
foreft  in  perfpe&ive,  fo  delineated,  as  fcarce  to  be 
equalled  by  the  greateft  mafters.  They  were  a repre- 
fentation  of  firs,  pines,  and  another  fort  of  tree  which 
I had  never  feen.  But  of  this  delightful  fpedacle  I 
was  foon  deprived  by  the  fublimation  of  more  falts. 

“ The  next  day  I related  this  to  Sir  Robert  Murray. 
He  told  me,  one  Davifon,  an  experienced  Chymift,  at 
Paris,  had  frequently  lhewed  him  in  a glafs  a great 
company  of  firs  and  pines,  full  as  lively  as  any  -can  be 
painted.  But  in  a little  time  they  disappeared.  He 
produced  them  again  at  pleafure.  But  herein  his  ope- 
ration differed  from  mine  : the  fubftance  out  of  which 

he 
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he  railed  thofe  fhapes  was  of  a-  more  fixed  nature  j- 
■ that  which1  afforded  mine,  was  volatile  to  the  higheft 
degree.  Again,  he  could  conftantly  and  regularly 
produce  thofe  beautiful  reprefentations  : whereas  mine 
unexpectedly  appeared  ; nor  have  I any  hope  of  fee- 
ing them  again.” 

Sal  Ammoniac  is  made  of  the  foot  arifingfrom  the 
dung  of  our  four-footed-animals,  as  flieep,  oxen,  and 
camels,  fo  long  as  they  feed  only  on  green  vegetables. 
This  dung  is  collected  in  the  four  firft  months  of  the- 
year,  when  allthefe  feed  on  frefli  fpring  grafs.  This, 
in  Egypt,  is  a kind  of  trefoil  or  clover.  But  when  the 
cattle  are  fed  on  hay*  and  the  camels  on  bruifed  date- 
kernels,  their  excrements  are  not  fit  for  this  purpofe. 

The  nitre  of  Egypt  was  well  known  to  the  aneients.- 
It  is  produced  in  two  lakes  near  Memphis.  One  of 
them  is  four  or  five  leagues  long  and  one  league  broads 
the  other,  three  leagues  long,  and  one  and  a half  broad. 
In  both,  the  nitre  is  covered  by  a foot  or  two  of 
water.  They  cut  it  up  with  long  iron  bars,  (harp  at 
the  end.  And  what  is  taken  away,  is  replaced  in  one- 
or  two  years,  by  new  nitre,  coming  out  of  the  earth. 

5.  If  iron  in  melting  be  carefully  purged  from  i rs 
drofs*  drawn  into  plates,,  and  plunged  red  hot  into 
cold  water,  it  grows  harder,  and  is  termed  fteel.  But 
it  is  confiderably  foftened  again,  if  it  is  put  into  the 
fire*  and  afterward  left  to  cool  gradually  in  the  air. 

6.  Quickfilver  differs  from  all  metals,  in  that  it  is 
naturally  liquid.  Its  properties  are,  4.  It  rs  the  heavi- 
ed  of  all  bodies,  but  gold  and  platina.  2.  It  is  the 
mod  fluid  of  all.  The  particles  even  of  water,  do  not 
divide  fo  eafily  as  thofe  of  quick-filver  : they  have 
hardly  any  cohefion.  3.  Of  all  bodies  it 'is  divi- 
fible  into  the  minuted  parts.  Being  on  the  fire,  it  re~ 
folves  into  an  almofl  invifible  vapour.  But  let  it  be 
divided  ever  fo  much,  it  dill  retains  its  nature.  For 
the  vapours  of  didilled  quickfilver,  received  in  water 
or  on  moid  leather,  become  pure  quickfilver.  And  if 
it  be  mixed  with  lead  or  other  bodies,  in  order  to  be 
fixed,  it  is  eafily  by  fire  feparated  from  them  again* 
and  reduced  to  its  ancient  forst*  f*  It  is  extremely 
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volatilfe,  being  convertible  into  a fume,  evert  in  a fond- 
heat.  5.  Of  all  fluids  k is  in  equal  circumdances  the 
coldeft  and  the  hotted.-  This  depends  on  its  weight  ; 
for  the  heat  and  cold;  of  all  bodies,  is  (caeteris  paribnst) 
as  their  weight.  6^  It  is  diffolvible  by  almoft  all 
acids,,  but  vinegar.  And  hereby  we  difeover,  if  it  he 
fophifticated  with  lead.  Rub  it  in  a mortar  with  vine- 
gar. If  it  be  mixed  with  lead  it  grows  fweetilh : if  with 
copper  it  turns  greenifh  or  bluilh.  If  there  be  no 
adulteration,  the  quickfilver  and  vinegar  will  both  re- 
main as  before.  7*  It  is  the  mod  Ample  of  all  bodies, 
but  gold  anti  platina.  8.  It  has  no  acidity  at  all,  nor 
does  it  corrode  any  body. 

But  it  may  be  obferved  of  metals  in  general*  there 
is  great  uncertainty  and  inconftancy  in  the  metallic  and 
mineral  kingdoms,  both  as  to  colour,  figure,  and  ft- 
tuation.  A marcafite,  for  indance,  may  have  the 
colour  of  gold  and  filver,  and  yet  afford  nothing  but  a 
little  vitriol  and  fulphur  : while  what  is  only  a pebble 
in  appearance,  may  contain  real  gold. 

It  is  common  alfo  to  find  the  fame  metal  (hot  into 
many  different  forms,  as  well  as  to  And  different  kinds 
of  metal  of  the  fame  form.  There  is  the  fame  uncer- 
tainty as  to  their  place.  Sometimes  they  are  found  in 
the  perpendicular  fiffures  of  the  drata,  fometimes  in- 
terfperfed  in  the  fubdance  of  them  ^ and  the  fame. me- 
tals in  drata  of  very  different  natures.  They  are 
likewife  frequently  intermixed  with  each  other  ; fo  that 
* we  feldom  find  any  of  them  pure  and  frmple,  but  cop- 
per and  iron,  gold  and  copper,  filver  and  lead,  tin 
and  lead  in  one  mafs : yea  fometimes  all  fix  together.  , 

What  difunguilhes  them  from  all  other  bodies,  as 
well  as  from  each  other,  is  their  heavinefs  : each  me- 
tal having  its  peculiar  weight,  which  no  art  can  imi- 
tate. 

But  who  can  reckon  the  various  way  s*  wherein  me* 
tals  are  ufeful  to  mankind  ? Without  thefe  we  could 
have  nothing  of  culture  or  civility  ; no  tillage  or  agri- 
culture ; no  reaping  or  mowing,  no  plowing  or  dig- 
ging, no  pruning  or  grafting,  no  mechanic  arts  or 
trades,  no  veffels  or  utenfils  of  houfliold  duff,  no  conr 
venient  houfes  or  edifices,  no  flapping  or  navigations 
What  a barbarous  and  fordid  life,  We  mud  neceffarily 
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have  lived,  the  Indians  in  the  northern  parts  of  Ame- 
rica, are  a clear  demonftration. 

And  it  is  remarkable,  that  thofe  which  are  of  moft 
neceflary  ufe,  as  iron  and  lead,  are  the  moft  plentiful. 
Thofe  which  may  better  be  fpared,  are  more  rafe.  And 
by  this  very  circumftance  they  are  qualified  to  be  made 
the  common  meafure  and  ftandard  of  the  value  of 
other  commodities,  and  to  ferve  for  money,  to  which 
ufe  they  have  been  employed  by  all  civilized  nations 
in  all  ages. 

All  metals  are  liable  to  ruft.  Gold  itfelf  rufts,  if 
expofed  to  the  fumes  of  fea-falt.  The  great  inftrument 
in  producing  ruft  is  water  : air,  only  by  the  water  it 
contains.  Hence  in  dry  air  metals  do  not  ruft  ; nei- 
ther, if  they  are  well  diled  : water  not  being  able  to 
penetrate  oil.  Ruft  is  only  the  metal  under  another 
form.  Accordingly  ruft  of  copper  may  be  turned  into 
copper  again.  Iron  if  not  preferred  from  the  air  by 
paint,  will  in  time  turn  wholly  into  ruft. 

\ . • X 

7.  Mines  in  general  are  cavities,  within  the  earth, 
containing  fubftances  of  various  kinds.  Thefe  the 
miners  term  loads  : if  metallic,  they  are  faid  to  be 

* alive ; if  not,  to  be  dead  bodies.  In  Cornwall  and 
. Devonshire  the  loads  always  run  from  eafi  to  weft. 
Mines  feem  to  be,  or  to  have  been  channels  of  waters 
within  the  earth,  and  have  branches  opening  into  them 
fn  all  directions.  Moft  mines  have  ftreams  running, 
through  them  : where  they  have  not,  probably  the  wa- 
ter ha*s  changed  its  courfe.  The  fprings  in  thefe  parts 
are  always  hard,  abounding  either  with  ftony  or  ful- 
phureofaline  particles.  Thefe  particles  are  either  of  a 
vitriolic  or  an  arfeni cal  nature.  * The  firft  concretes  in- 
to white  cubes,  refembling  filver,  the  fecond  into  yel- 
low ones  refembling  gold.  Both  thefe  are  by  the  min- 
ers termed  mundic.  - 

8.  Mundic  is  varroufly  coloured,  on  the  outfide  with 
blue,  green,  purple,  gold,-lilver,  brafe  .and  copper^ 
colours.  But  within  it  is  either  of  the  colour  of -Alvei’, 
of'  brafs,  or  gold-colour,  or  brown.  The  other  co- 
lours are  no  more  th&n  a thin  film  or  fediment,  which 

water 


( 185  ) 

water  variously  impregnated,  depofits  upon  the  fur- 
face. 

There  are  few  copper  loads,  if  any,  but  have  this 
femi-metal  (which  is  a kind  of  wild  mock-copper)  at' 
tending  upon  them.  Therefore,  in  learching  for  cop- 
per, it  is  reckoned  a great  encouragement  to  meet 
with  mundic.  The  mundic  does  not  intimately  incor- 
porate itfelf  with  the  ore  of  copper  ; for  copper  in  its 
mineral  ftate,  being  ufually  of  a clofe  confidence,  re- 
pels the  mundic,  which  is  therefore  eafily  feparated 
from  the  ore. 

Comifli  waters  are  infe&ed  by  mundic,  more  or  lefs, 
according  to  the  quantity  which  they  pafs  through,  and 
the  difpofition  of  the  mundic,  either  to  retain  or  to 
communicate  the  noxious  particles  of  which  it  confifts. 
Arfenic,  fulphur,  vitriol,  and  mercury  are  the  confti- 
tuerits  of  mundic,  yet  thefe  pernicious  ingredients  are 
fo  bridled  and  detained  by  their  mutual  a&ion  and  re- 
action, and  by  mixing  with,  other  minerals,  that  the 
water  is  not  poifonous,  (generally  fpeakrng)  even  in' 
the  mine  where  it  proceeds  direftly  from  the  mundic. 

Mundic  refembles  plants,  animals,  mouldings,  carv- 
ings, and  fundry  more  varieties,  too  numerous  to  in- 
fert.  Shall  we  attribute  this  to  a plaftic  power  fiiper- 
intending  the  congrefs  of  foflils,  and  fporting  itfelf 
with  fuch  reprefentations  ? Or  (hall  we  rather  fay, 
that  the  great  power  which  contrived  and  made  all 
things,  needing  no  delegate,  artfully  throws  the  flex- 
ile liquid  materials  of  the  foffile  kingdom  info  various 
figures,  to  draw  the  attention  of  mankind  to  his  works, 
and  thence  lead  them  to  the  acknowledgement,  and 
adoration  of  an  intelligent  Being,  inexhauftibly  wife, 
good  and  glorious  ? Doubtlefs  thefe  are  the  works  of 
that  fame  lover  of  fhape,  colour  and  uniformity  that 
paints  the  peacocks’s  train,  that  veins  the  onyx,  that 
ftreaks  the  zebra  : it  is  the  fame  hand  whofe  traces  we 
may  difcover  even  among  the  meapeft  and  moft  ob- 
fcure,foffils.  God  loves  fymmetry,  gracefulnefs,  ele- 
gance, and  variety,  and  diftributes  them  for  his  com- 
placency as  well  as  glory,  limits  them  not  to  plants, 
and  animals,  and  open  day  light,  but  like  a great 
matter  habitually  imparts  them  to  all  his  works,  though 
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m the  deepeft  ocean,  aaid  in  the  mo  ft  fecret  parts  of 
the  earth.  / 

9.  Although  fi (lures  are  the  natural  refult  of  a moif* 
tened  and  mused  congeries  of  matter,  palling  by  ap* 
proximation  of  parts  into  a ftate  of  folidity,  we  are  by 
no  means  to  conclude  them  ufelefs,  or  the  works  of 
chance.  No*  the  great  Architect,  who  contrived  the 
whole,  determined  die  feveral  parts  of  his  fcheme  fo  to* 
operate,  as  that  one  ufeful  effe&  Ihould  become  the  bet 
neficial  caufe  of  another.  Hence  it  happens  that  mat* 
ter  could  not  contract  itfelf  into  fohd  large  maffes,  with- 
out leaving  Allures  between  them  : aiid  yet  the  ftifures 
are  as  neceffary  and  ufeful  as  the  fir  ala  through  which 
they  pafs. — Thefe  are  the  drains  which  carry  off  there* 
dundant  moifture  from  the  earth,  which  but  for  them* 
would  be  too  full  of  fens  and  bogs  for  animals  to  lrver 
or  plants  to  thrive  on.-— Through  thefe  fiffures  the  raia 
which  (inks  beneath  the  channels  of  rivers,  not  having 
the  advantage  of  that  conveyance  above  ground*  re* 
turns  into  the  fea,  bringing  the  felts  and  mineral  juices 
of  the  earth  into  the  ocean,  enabling  it  to  fupply^the 
firmament  with  proper  and  fufficient  moifture,  and 
preferring  that  vaft  body,  the  fea,  wholefome*  fit  fox 
fifli  to  live  in,  and  feilors  to  navigate. 

In  thefe  fiffures  the  feveral  ingredients  which  fbrnr 
the  riche  ft  loads,:  by  the  continual  pafling  of  watersr 
and*  the  menftrua  of  metals,  are  educed  out  of  the  ad- 
jacent ftrata,  colle&ed  and  conveniently  lodged  in  a 
narrow  channel,  much  to  the  advantage  of  thofe  who* 
fearch  for  and  purfue  them.  For  if  minerals  were  more 
difperfed,  and  fc  altered  thinly  in  the  body  of  the  ftrata, 
the  trouble  of  finding  and  getting  at  metals  (thofe  ne- 
ceffary iaftrumeiits  of  art  and  commerce,  and  the  or- 
naments of  life)  would  be  endlefe,  and  the  expenfe  of 
procuring,  would  exceed  the  value  of  the  acquisition:  t 
without  thefe,  neither  metals,  marbles,  felts*  earths^ 
nor  ftones,  could  be  f&eafUy  or  in  fuch  plenty,  pro* 
- vided,  as  is  neceffary  for  the  ufe  o£  man. 

Earth  is  certainly  the  general  food  and  ftamen  of  &U 
bodies,  yet  wre  know  of  itfelf  it  can  do  nothing  : it 
muft  be  eonnedled  bv  a cement*  or  it  cannot  form 
ftone  ; it  muft  be  foftened  and  attenuated  by  moifture 
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and  warmth,  or  it  cannot  enter  into  the  alimentary 
veffe  Is  of  plants  and  animals.  The  parts  of  earth  which 
conftitute  the  folids  of  any  plants  are  exceeding  finef 
and  the  common  mafs  in  which  we  plant  trees*  is  for 
the  moft  part  gravel,  clay,  and  fand,  which  promote 
vegetation,  but  are  too  grofs  to  enter  into,,  and  be* 
come  the  conftituent  parts  of  them.  Water  rhuft  there- 
fore be  confidered  as  the  vehicle  of  more  folid  nouriftir 
ment,  and  the  parent  of  the  fluids  : the  earths,  falts, 
and  oils,  are  the  great  inftruments  of  the  increafe  of  for 
lids.  To  trace  fertility  a little  farther  : when  the  earth 
is  foftened  and  diluted  heat  rarefies  and  evaporates  the 
sniAturcjthefalts  contained  anddiflblved,  are  alwaysac* 
tive  and  promote  motion ; the  elafticity  of  the  air  quickr 
ens  and  continues  it:  the  oils  fupplethe  paflages,  of  which 
fame  are  fitted  to  fecrete,  arreft,  and  depoflt  the  nutriti- 
ous particles  as  they  pafs;  feme  adapted  (by  the  fame  for 
oret  hand*  which  condu&s  every  part  of  the  operation) 
to  throw  off  the  redundant  rooifture  by  perfpiration  : 
the  earthly  mixture  compofes  the  hard  and  folid  parts* 
and  the  genial*  little  atmofphere  of  every  plant  gives 
fpirit*  colour*  odour  and  tafte.  Herbs  and  fruits  her 
ing  thus  fed  andi  matured,  make  the  earth  they  contain 
better  prepared  to  pafe  into  the  ftillmore  curious  and 
highly  organized  parts  of  animals.  It  is  eafy  to  fee 
that:  this  is  rather  a detail  of  the  feveral  materials,  and 
well-known  inftruments*  conducing  to  fertflity*  than 
the  caufe.  Fertility  is  owing  to  the  concert*  fitnefe 
and  agreement  of  all  thefe,  with  fome  volatile  a&ive^ 
principle,  of  which  we  know  nothing  at  all.  But 
whence  that  agreement  refults,  how  the  materials  fer* 
ment)  replace,  connect,  and  invigorate  one  another, 
how  the  veflels  chufoand  refufe*  (if  l may  fo  fay)  in 
order  to  produce  the  fertility  defired,  is  known  only 
to  the  infinitely  wife  difpofer  of  all  things,  ever  atten- 
tive to  the  nurture  and  fupport  of  what  he  has  created; 
But  to  whatever  caufe  the  fertility  of  earth  is  to  be  a£ 
figned,  earth  it  nruft  be  owned  is  a moft  fruitful  unir 
verfal  element.  Animals,  plants,  metals,  and  ftones 
arife  out  of  it,  and  return  to  it  again  y there,  as  it  were 
to  receive  a new  exiftence,  and  form  new  combinations, 
the  ruins  and  diffolutions  of  one  fort  affording  more 
and  more  materials  for  the  produ&ion  of  others* 

la 
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Yv  $ v In  ftones  and  metals,  we  admire ' the  continuity, *• 
* 'fiardnefs  and  luftre  of  earth  ; in  plants  the  rarity,  foft- 
♦•■r  nefs,  colours,  and  odours  : in  animals  the  flefh,  thi 
. bone,  and  an  infinite  number  of  fluids,  in  which  this 
fopple  element  can  take  place  : but  the  greateft  won- 
der is,  that  earth  is  capable  of  being  fubtilized  to  fuch 
anexquifite  degree,  as  by  uniting  and  communicating 
with  fpirit,  to  perform  all  animal  functions  given  it  in 
charge  by  the  foul.  This  is  the  higheft  and  utmoft  re- 
; finement,  which  in  this  ttate  of  being,  earth  is  capable 
of  5 but  that  it  maybe  ftill  farther  refined,  in  order  to 
be  qualified  for  a future, -incorruptible,  and  more  glo- 
rious ftate,  is  one  of  the  greateft  truths  which  we  owe  ' 
' to  revelation. 
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10;  To  the  fecond  clafs  of  foffils  belong  thofe  which 
are  reduced  by  fire  to  a-calx.  Such  are,  1.  Salts,  all 
foflils  which  (whether  they  have  a fait  tafte  or  not)  are 
. foluble  in  water.  Common  fait  is  heavier  than  water,  ' 
and  if  quite  pure,  melts  when  left  in  the  open  air.  If 
the  water  it  is  diflolved  in  be  boiled  and  evaporated,  it 
remains  in  the  bottom  of  the  veflel. - Jt  is  well  known 
to  preferve  flefh  from  putrefa&ion,  and  to  be  with  great 
difficulty  diflolved  by  fire.  Probably  it  is  compofed  of 
pointed  particles,  which  fix  in  the  pores  of  flefh,  and 
by  reafon  of  their  figure  are  eafily  divided  by  water, 
though  not  by-fire.  It  ever  comes  purer  out  of  the 
fire.  Yet  it  wilt  fufe  in  a very  intenfe  heat. 

All  fait  diflolves  by  moifture:  but  moifture  only 
diflolves  a certain  quantity.  - Yet  when  it  is  impreg- 
nated with  any  fait,  as  much  as  it  can  bear,  it  will* 
ftill  diflolve  a confiderable  quantity  of  another  kind  of 
fait.  It  feems,  the  particles  of  this,  being  of  diffe- 
rent figures,  infinuate  into  the  remaining  vacuities* 
Thus  when  a cup  of  water  will  diflolve  no  more  com* ' 
mon  fait,  alum  will  diflolve  in  it.-  And  when  it  will 
diflolve  no  more  alum,  falt-petre  will  diflolve,  and  af- 
ter that,  fal  ammoniac. 


The  moft  remarkable  falt-mines  in  the  world,  are?  in 
the  village  Willifca,  five  leagues  from  Cracow  in  Pa* 
land.  They  were  fir  ft  dilcovered  above  500  years  ago, 
in  the  year  1251.  Their  depth  and  capacity  are  fur- 
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prifing.  They  contain  a kind  ofiubterranean  republic, 
which  has  its  laws,  polity,  carriages,  and  public  roads 
for  the  horfes  which  are  kept  there,  to  draw  the  fait  to 
the  mouth  of  the  quarry.  Thefe  horfes  after  once  they 
are  down,  never  fee  the  light  of  the  day  again.  But 
the  men  . take  frequent  occafions  of  breathing  the  upper 
.air.  When  a ftranger  comes  to  the  bottom  of  this 
abyfs,  where  fo  many  people  are  interred  alive,  and 
where  fo  many  were  bom,  and  have  never  .ftirred  out, 
;he  is  furprifed  with  a long  feries  of  lofty  vaults,  fuf- 
■ tained  by  huge  pillars,  which  being  all  rock  fait,  ap- 
pear by  the  light  of  flambeaus  that  are  continually 
burning  as  fo  many  cryftals,  or  precious  ftones  of  va- 
rious colours. 


1.1.  To  this  .clafs,  fecondly,  belong  ftones,  which 
are  hard,  rigid,  void  of  tafte,  reducible  to  dull  by  the 
-hammer,  and  into  a. calx  by  fire.  It  is  probable,  that 
.ftones,  like  faltsand  moft  foffils,  are  generated  from  a 
.'fluid,  which  gradually  hardens  into  ftone,  by  the  eva- 
poration of  its  finer  parts. 


..Mr.  Toumefort  obferved,  that  in  the  famous  laby- 
-rinth  of  Crete,  feveral  perfons  had  engraved  their 
.names  in  the  living  rock,  of  which  its. walls  are  formed.: 
and  that  the  letters  fo.engraven,  inftead  of  being  hol- 
low, as  they  wereai  firft,  flood  out  from  the  furface 
, of  the  rock.  This.can  no  otherwise  be  accounted  for, 
-than  by  fuppofing  the. cavities  of  the  letters  filled  in- 
fenfibly,  with  matter  i filling  from  the  fubftance  of  the 
.rock,  even  in  jn.ore  abundance  than  was  needful  to  fill 
thofe  cavities.  Thus  is  the  .wound  of  a knife  healed  up, 
much  |ts  the  fracture  of  .a  bone  is  confolidated,  by  a 
callus  formed  of  the  extravafated  -nutritious  juice, 
which  riles  . above  the  furface  of  thejbone.  Such  cal- 
lus's have  been  obferved  to  be  formed  on  other  ftones, 
which  were  reunited  after  they  had  .been  accidentally 
broken.  Hence  it-is  manifeft,  that  ftones  grow  inthe 
.quarry,  and  coufequently.are  fed  -4  and  .that  the  lame 
juice,  which  nouriihes.  them,  lerves  to  rejoin  their  parts 
when  broken.  There  is  then.no  room  to  doubt,  that 
.they  are  organized,  and  draw  their  nutritious  juice 
from  the  earth,  which  is  firft  filtrated  .and  prepared  in 
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the  fdrface  of  the  done,  a ftd  thence  conveyed  to  all  the 
other  parts. 

Doubtlefs  the  jniee  Which  filled  the  cavities  of  thofe 
tetters  was  brought  thither  from  the  root  of  the  rock, 
■which  grew  as  corals  do,  or  fea-mufhrodirJs,  Which 
every  One  allows  to  grow  : and  yet  they  afe  true 
ftones* 

Indeed  there  ate  fome  fpecies  df  ftones,  Whofe  gene- 
ration can  no  otherwife  be  accounted  for,  than  by  fup- 
pofing  them  to  Come  from  a kind  of  feeds.  Which  con- 
tain their  organized  parts  in  miniature.  But  many 
forts  of  ftones  were  once  fluid  ; wltnefs  the  Various  fo- 
reign bodies  found  therein.- 

That  even  pebble  ftones  grow,  may  be  proved  to  a 
demonftration,  by  an  eafy  experiment.  Weigh  a quan- 
tity of  pebbles  add  bury  them  in  the  earth.  After  a 
time  dig  them  up,  and  on  weighing  them  again,  you 
will  find  they  have  gained  a very  confiderable  addi- 
tion. 


The  vegetable  mould  or  furface  of  the  earth,  is  made 
up  of  fands,  clays,  marls,  loams,  rotten  ftalks  and 
. leaves  of  herbs,  ferving  both  as  a proper  bed  aiid  co- 
vering, and  as  a receptacle  and  conductor  of  moifture 
to  the  roots  of  trees  and  plants.  Sands  and  pebbles 
- may  be  coniidered  as  drains,  for  carrying  off  the  re- 
dundant moifture,  to  places  where  it  may  be  ready  to 
fopply  the  place  of  what  k continually  rifirig  in  exhala- 
tions. But  left  the  ftrata  of  land  fhould  be  too  thick, 
fimall  ones  of  clay  are  often  placed  between,  to  prevent 
the  moifture  from  departing  too  far  from  where  it 
may  be  of  ufe.  And  left  thefe  thin  partitions  of  clay 
fhould  let  the  particles  of  fand  inftnuate  into  them,  and 
thereby  let  the  moifture  pafs  through,  thin  crufts  of  a 
ferrugineous  fubftance  are  placed  above  and  beneath 
each  of  thefe  clayey  ftrata  : by  which  means  the  clay 
and  land  are  effe&ually  kept  afunder. 

■ v ■ ■ •. 

Suppofing  fome  ftones  are  organized  vegetables, 
and  are  produced  from  feed,  yet  moil  forts  of  ftones 
feem  to  be  unorganized  vegetables.  Other  vegetables 
grow'  by  a folution  of  falts,  attracted  into  their  veifels. 
Moft  ftones  grow  by  an  accretion  of  falts,  which  often 
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fkoot  into  regular  figures.  This  appears  by  the  for* 
ination  of  cryftals  upon  the  Alps,  And  that  ftones , 
.are  formed  by  the  Ample  accretion  of  faits,  appears 
from  the  tartar  on  the  infide  of  a claret  veffel  ; and  ftill 
more  clearly,  from  the  formation  of  a ftone  in  the  hu- 
man body.  ' The  air  is  in  many  places  impregnated 
•with  fuch  faits  or  ftony  particles  i and  thefe  aft: ending 
from  the  cavities  of  the  earth,  may  petrify  wood.  In 
this  cafe  the  :petrifying  quality  is  not  originally,  either 
•in  the  earth  or  the  water : but  in  the  fifing  ftearos  ira- 
pregndted  with  Mine  or  ftony  particles. 

12.  Many  - waters  are  generally  fuppofed  to  turn 
other  bodies  into  ftone.  This  is  afcribed  to  the  Lake 
Loghmond,  in  Scotland*  and  Letigh  Neagh,  m Bre- 
land. But  it  is  a millake.  There  is  not  m reality  any 
inch  tranfmutaticm  in  thofe  bodies.  -Only  the  ftony 
particles  floating  in  the  water*  lodge  in  the  pores*  or 
an  the  furfaoe  of  them.  Petrifaftions  therefore  are 
nothing  more  than  mrruftations  of  ftony  particles* 
<which  furround  and  partly  infmnate  into  the  bodies 
immerfed.  <7 

With  regard  to  Lough  Neagh*  feme  thiiVk  the  petri- 
fying quality,  to  be  not  only  in  the  water,  but  in  the 
adjacent  foil.  Many  pieces  of  petrified  wood  are 
thrown  up  daily,  in  breaking  up  new  ground,  which 
.that  water  never  touched;  They -are  often  found  tw<ir 
miles  from  the  Lough,  in  great  numbers,  and  deep  in< 
the  ground,  altogether  like  the  Loirgh*Neagh  ftones*. 
That  thefe  were  once  wood  is  certain.  ^They  burn 
clear,  and  may  be  cut  with  a knife,  though  not  fc  eafw 
Ijr  as  other  wood.  v 
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Petrifying  fprings  are  impregnated,  feme  with  parti- 
cles of  ftones,  orhers  with  ferrugineous  and  vitriolic  par- 
ticles. When  the  ftony  ones  drop  on  wood,  or  other 
vegetables,  they  coagulate  upon  it,  and  by  degrees  co- 
ver it  with  a ftony  coat.  If  this  be  broke  before  the 
wood  is  rotted  away,  you  find  it  in  the  heart  of  the 
ftone.  If  the  wood  is  rotted,  you  will  find  a cavity  ini 
the  ftone  ; but  this  alfo  in  time  will  be  filled  up  with. 
^ ftony  particles.  Sometimes  indeed  thefe  waters,  pene- 
trate 
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trate  the  pores  of  the  wood,  fill  them  up  with  their  ftony 
particles,  and  by  their  burning  quality  proceeding  from 
lime-ftone,  deftroy  the  wood,  and  aifume  the  fhape  of 
the  plant. 

Metallic  particles  moftly  a<S,  by  infinuating  into  the 
pores  of  wood  or  other  vegetables,  without  increafing 
their  bulk,  or  altering  their  texture,  though  they  great- 
ly increafe  their  weight.  Such  is  the  petrified  wood  in 
and  near  Lough-Neagh.  It  does  not  flfiew  any  outward 
addition  of  matter,  and  preferves  the  grain  of  wood. 
All  the  alteration  is  in  the  weight  and  clofenefs,  by  the 
mineral  particles  pervading  and  filling  the  pores. ' 

That  there  are  mines  near  the  lough,  we  may  gather 
from  the  great  quantity  of  Iron  ftones  found  on  its 
fhores,  and  from  the  yellowiih  ochre  and  clay  in  many  , 
places  near  it*  Now  whatever  fprings  run  through 
thefe,  .will  be  impregnated  with  metallic  particles. 
And  if  they  rife  in  the  middle  of  a river  or  lake,  and 
in  their  courfe  meet  with  wood  or  other  vegetables, 
thefe  particles  will  infinuate  and  lodge  themfelves  in 
their  pores,  and  by  degrees  turn  them  into  ftone. 

That  fuch  fprings  are  under  this  lake,  appears  from 
hence,  that  in  the  great  froil,  1740,  though  the  lake 
froze  over,  fo  as  to  bear  men  on  horfeback,  yet  feveral 
circular  fpots  remained  unfrozen*  Hence  it  appears, 
that  this  petrific  quality  is  not  in  all  parts  of  the  lake, 
but  here  and  there  only.  As  to  the  trees  ’which  are 
found  petrified  and  buried  at  afmall  diftancefrom  the 
lake,  probably  it  was  broader  once  than  it  is  now,  fo 
that  what  was  then  under  water,  is  now  dry  land. 
If  fo,  thefe  trees  might  have  been  petrified,  in  the  part 
which  was  then  overflowed,  though  it  is  now  dry.  v 

13.  It  isxertain,  that  water  impregnated  with  me- 
tallic particles,  when  falling  on  wood  or  other  vegeta- 
bles, will  coagulate  upon  k>  as  was  obferved  above, 
and  cover  it  with  a metallic  coat.  It  is  alio  certain, 
that  the  vegetables  included  therein,  are  gradually  de- 
ftroyed,  till  the  fame  matter  which  firft  formed  the 
cruft,  takes  up  the  whole  fpace  which  they  occupied 
before.  But  it  is  not  only  wood  and  other  vegetables* 

which 
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which  are  capable  of  being  thus  aCted  upon,  firft  cruft- 
ed  over  and  then  deftroyed.  A fliovel  of  iron  fome 
years  fince  lying  in  the  water,  in  the  county  of  Wick- 
low, in  Ireland,  was  obferved  to  be  incrufted  with  cop- 
per, which  gave  occafion  to  an  important  difcovery. 
A gentleman  who  vifited  the  place  on  purpofe  to  ex- 
amine the  truth  of  what  was  commonly  reported,  ob- 
ferves,  “ I faw  the  iron  bars  impregnated  with  copper. 
I was  an  eye  witnefs  to  the  change  in  all  its  progrefs : 
and  fo  were  thoufands  befides.  I faw  the  mafons  lay- 
ing a chain  of  new  (tone  troughs,  for  the  copper  water 
to  run  through.  I favr  the  men  alfo  laying  the  iron 
bars,  on  wooden  rafters,  in  thefe  troughs.  I faw  the 
iron  bars  lifted  up  out  of  fome  troughs,  where  they  had 
lain  from  one  to  eight  months  : and  faw  them  incruft- 
ed over  with  copper,  and  corroded  more  or  lefs,  (fome 
of  them  to  very  thin  plates)  according  to  the  time  they 
had  lain  in  the  water.  I faw  fome  of  the  troughs  emp- 
tied, wherein  the  bars  were  wholly  dilfolved  ; and  the 
labourers  were  throwing  up  with  fhovels  the  copper, 
which  lay  on  the  ftones  in  the  bottom  of  them.  It  was 
like  mud,  as  ?t-lay  wet  in  the  heap,  but  became  duft  as 
it  dried.  I alfo  faw  feveral  pieces  of  copper,  which  had 
been  made  out  of  their  copper  mud. 

“ This  water  is  fuppofed  to  flow  over  a vein  of  cop- 
per in  the  neighbouring  mountain.  It  is  of  a.fharp, 
acid  tafte,  and  of  a blue  colour.  It  is  received  and  col- 
lected in  thofe  troughs,  wherein  the  iron  bars  are  placed : 
which  after  lying  in  the  water,  often  not  above  three 
months,  are  entirely  confumed : then  at  the  bottom  of 
the  troughs,  a quantity  of  copper  is  found,  in  the  form 
of  coarfe  fand.  And  it  is  remarkable,  that  there  is  a 
greater  quantity  of  this  copper,  than  there  was  of 
iron. 

« But  by  what  principle  is  this  effect  produced  ? In 
order  to  difcover  this  I made  the  following  experi- 
ments: 

“ 1.  Some  fmall  iron  nails  put  into  the  water,  were 
in  four  minutes  covered  with  a fubftance  of  a copper 
colour.  And  during  that  time  the  nails  gained  four 
grains  in  weight.  The  water  had  the  very  fame  effect 
on  filver  and  tin,  but  not  on  gold.  Hence  we  obferve, 
the  colour  and  increafe  of  weight  were  owing  to  the 
Vol.  II.  I adhefon 
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^tdhefion  of  the  particles  of  the  matter  diflolved  in 
ihe  water  by  an  acid,  which  could  not  penetrate  gold. 

“ 2.  In  order  to  determine  the  quantity  and  quality 
of  this  matter,  I put  two  drachms  of  fmall  iron  nails 
into  three  ounces  of  the  -water.  After  they  had  lain 
therein  four  and  twenty  hours,  I found  the  furface  of 
the  water  covered  with  a thick  fcum,  exaftly  like  that 
which  ufually  covers  a chalybeate  fpaw.  I obferved, 
likewife,  it  had  loft  the  blue  colour,  and  (harp,  vitriolic 
tafte.  It  was  quite  tranfparent,  and  at  the  bottom  lay 
„a  brown  powder,  which  when  dried,  weighed  fourteen 
grains.  This  powder,  melted  without  any  flux,  pro- 
duced  twelve  grains  of  pure  copper.  The  nails  alfo 
(which  had  loft  eight  grains)  were  in  feveral  places  co^ 
vered  with  a folid  lamina  of  pure  .copper.  The  Water 
being  afterward  filtrated  and  evaporated,  afforded  a 
pure  green  vitriol. 

« 3.  From  the  fpring  -water  treated  in  the  fame  man- 
ner,  I obtained  a blue  vitriol,  the  bafis  of  which  is 
copper.  From  all  thefe  experiments  it  appears,  that  a 
mineral  acid  is  the  adlive  principle  in  this  water,  which 
-being  diffufed  through  the  copper  ore,  unites  itfelf  with  • 
.that  metal,  and  forms  a vitriol.  This  is  diflolved  by 
the  water,  and  remains  fufpended  therein,  till  it  meets 
with  the  iron  in  the  trough,  and  by  which  it  is  more 
ftrongly  attracted  than  by  the  copper.  Therefore  it 
quits  the  copper,  corrodes  the  iron,  and  changes  it  into 
a vitriol,  which  is  again  diflolved  and  carried  off  in 
the  ftream.  Mean  time  the  copper,  deferted  by  its . 
acid,  falls  by  ijs  fpecific  gravity  to  the  bottom  of  th$ 
trough. 

u It  appears  then  uponfhe  whole,  that  this  admirable 
procefs  of  nature,  whereby  one  metal  feems  to  be  turned 
into  another,  is  no  more  than  a fimple  precipitation  of 
the  copper,  by  means  of  them.” 

In  the  Lower  Egypt,  there  is  a vaft  fandy  defert,  * 
called  the  defert  of  St.  Macarius^  One  large  plain  here- 
in is  called  by  a name  which  fignifies,The  Sea  without 
water.  This  is  ftrewed  over  with  limbs  of  trees  which 
are  entirely  petrified : very  probably  by  means  of  the 
nitre,  with  which  this  wh(5le  country  abounds. 

The- 
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The  change  of  wood  into  ftone  is  not  the  only  wonder 
here.  The  fand  is  alfo  changed  into  eagle-ftones. 
Thefe  ftones  are  found  two  or  three  fingers  breadth  be- 
neath the  furface  of  the  earth,  in  little  mines,  fome  * 
paces  long  and  broad,  about  half  a mile  from  each 
other.  It  is  thought  that  in  thefe  places,  there  oozes 
out  of  the  earth,  a fort  of  metallic  matter,  which  fer- 
ments with  the  burning  fand,  and  in  fermenting  a flumes 
fome  kind  of  roundrfti  figure,  and  attaches  to  itfelf 
more  and  coarfer  fand.  Afterward  it  hardens  by  de- 
grees, and  grows  black  through  the  heat  of  the  fun. 

The  eagle-ftone  when  in  the  mine  is  (oft  and  brittle 
as  an  egg,  and  of  a bright  yellow  or  violet  colour,  but 
after  being  expofed  to  the  air,  it  turns  brown  or  black, 
and  hardens  gradually.  Likewtfe  after  a few  days,  ' 
mod  of  thefe  ftones,  will,  if  (truck,  found  like  little 
bells.  * 

Not  far  off  is  a vaft  heap  of  fand,  which  they  call 
the  Eagle-ftone  Hill,  becaufe  it  is  covered  over  with 
great  rocks  of  the  very  fame  matter  whereof  the  faatl 
eagle-ftones  are  formed. 

• But  what  (hall  we  judge  of  thofe  petrified  (hells, 
which  have  been  dug  up  in  many  places  ? Some  in- 
deed  are  not  petrified.  Near  Reading,  in  Berklhire, 
for  fucceeding  generations,  a continued  body  of  oyfter- 
{hells  have  been  found  through  the  circumference  of 
five  or  fix  acres  of  ground.  Beneath  is  a hard,  rocky 
chalk,  on  which  the  {hells  lie  in  a bed  of  green  fand, 

- about  two  feet  thick.  Above  are  various  ftrata  for  at 
leaft  eighteen  feet.  The  {hells  are  fo  brittle,  that  in 
digging*  one  of  t^e  valves  will  frequently  drop  from  rts 
fellow.  But  feveral  are  dug  out  entire;  nay,  fome 
double  oyfters,  with  all  their  valves  united. 

In  a quarry  at  the  eaft  end  of  Broughton,  in  Lin- 
colnfhire,  there  is  a clay  under  the  ftone,  in  which  are 
numberlefs  fragments  of  the  (hells  of  (hell-fifli  of  vari- 
ous kinds.  And  there  are  fometimes  found  whole 
fhell-fifh,  w’ith  their  (hells  on,  in  their  natural  colours, 
only  bruifed  and  broken,  and  fome  fqueezed  flat  by  * 
the  weight  of  earth,  which  was  call  upon  them  at  the 
deluge. 
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'There  is  another  quarry,  fouth  of  the  town,  of  blue, 
hard  ftone,  (probably  a pure  clay  in  fome  antediluvian 
lake)  in  which  are  numberlefs  fhell  fifh  of  various  forts, 
but  fo  united  to  the  ftone,  that  it  is  hard  to  get  them 
out  whole.  They  are  all  in  the  furface  of  the  quarry, 
within  a foot  of  the  top.  On  the  furface  there  are  ma- 
ny fhell-fifh  half  in  the  ftone,  half  out.  That  part 
.which  is  within  the  quarry  is  whole,  but  is  a hard 
x ftone.  That  which  is  without,  is  all  confumed,  but  a 
little  of  the  edges,  which  are  plain  fhell. 

Some  of  the  fhell-fifh  in  this  quarry  are  half  open, 
and  filled  with  the  matter  of  the  bed  on  which  they 
lie.  Some  of  them  are  broken,  others  bruifed  : the 
edge  of  one  fifti  is  fomeiimes  thruft  into  the  fides  of 
another.  One  (hell  of  fome  is  thruft  half  way  over  the 
other,  and  fo  they  are  petrified  together. 

Among  thefe  there  are  feveral  great  horfe-mufcles, 
fuch  as  breed  in  rivers  and  ponds.  And  in  the  fields 
and  ftones  near  Bramby  and  Frodingham  is  found  a 
fort  of  fifti  bending  like  a ram’s  horn,  and  creafed  like 
one  on  the  outfide.  The  bed  wherein,  it  feems,  this 
fifh  bred,  is  about  a foot  thick  : in  which  are  millions 
x>£  the  fifn,  flicking  half  within  the  ftone,  half  without* 
And  this  fhell  being  extremely  durable,  even  the  part 
flicking  out,  is  not  confumed,  as  it  ufually  is  in  others, 
but  remains  whole  and  entire, 

14.  From  ftone  burnt  to  duft  arifes  lime,  which  has 
this  remarkable  property,  that  if  cold  water  be  poured 
upon  it,  -it  prefen tly  heats  and  boils  up.  In  order  to 
account  for  this„fome  have  fuppofed,  that  fome  fub- 
tle  matter  is  lodged  in  the  pores  of  the  lime,  (perhaps 
many  of  thofe  particles  .of  fire,  whereby  the  ftone  was 
reduced  to  duft)  which  W’hen  the  water  inlinuates  into 
thofe  pores,  occafions  the  fame  kind  of  ebullition,  as  if 
it  was  poured  on  any  other  burning  fubftance. 

15.  Moft  precious  ftones  are  tranfparent,  and  flrike 
the  eye  with  vivid  and  various  colour.  , Probably  they 

' were  once  fluid  bodies,  which  while  in  that  ftate  were 
mixed  with  metallic  or  mineral  juices.  Their  tranfpa- 
■rency  likewife  makes  this  probable,  and  fo  does  their 

- outward 


1 / 


mu  II,, I,  IMlillMMMWrTilin’-lllll  Irtli 


( W?  ) 

outward  configuration.  For  many  bodies  hardening 
into  folids  fhoot  into  cryftals,  juft  as  is  obferved  of  fe«  . 
veral  kinds  of  precious  ftones : and  to  this  their  in«~ 
ward  ftru&ure  anfwers.  For  in  many  we  may  obferve 
the  thin  plates  or  coats  one  over  the  other,  juft  as  we 
fee  in  thofe  mineral  fubftances,  which  were  once  fluid. 
Their  colours  might  be  owing  to  fome  mineral  juice  or 
exhalation,  which  tindhired  them  before  their  pores 
were  fully  doled.  This  is  the  more  probable,  becaufe 
many  gems  1 o ft*  their  colour- if  they  lie  long  in  the 
Are  : and  becaufe  generally  coloured  gems  are  found- 
over  metallic  or  mineral  veins. 

I>r.  Boerhaave  takes  cryftal  to  be  the  balls  of  all' 
precious  ftones,  which  affame  this,  or  that  colour y 
from  the  metallic  or  mineral  fleams  mixed  with  the 
primitive  cvyftalHne  matter.  But  bow  is  cryftal  itfeh* 
formed  ? An  Italian  writer  gives  a particular  account 
of  this;  In  the  VabSabbia,  fays  he,  I obferved  fome 
parts  of  a meadow  bare  of  all  herbs.  Here,  and  no 
where  elfe  thereabouts,  the  cryftals  are  generated. 
And  whenever  there  is  a ferene  and  dewy  fky,  if  all  the 
cryftals  that  can  be  found  over  night,  are  taken  away, 
others  will  be  found  in  the  fame  place  in  the  morning. 
Having  obferved,  there  is  no  fign  of  any  mineral  fleam 
near,  I conclude  they  are  produced  by  (teams  of  nitre. 
Thefe  may  at  the  fame  time  hinder  vegetation  in  thofe 
places,  and  coagulate  the  dew  that  falls  thereon.  As 
nitre  is  the  natural  coagulum  of  water,  fo  it  ever  re- 
tains its  fex-angular  figure.  The  largeft  cryftals 
known  were  found  in  the  mountains  of  Grimiule,  be- 
tween vaft  ftrata  of  ftones.  • The  biggeft  of  them  was 
near  three  feet  in  length,  and  little  lefs  in  circumfe- 
rence. It  weighed  two  hundred  and  fifty  pounds : 
others  weighed  fefs  and  lefs,  to  thofe  of  ten  pounds, 

, which  were  the  fmalleft  there.  They  were  of  the  fame 
figure  ; fexangular  columns,  terminated  by  fexangular 
pyramids  at  one  end,  and  at  the  other  fixed  to  the 
rock.-  They  were  in  general  perfectly  clear  through- 
out, but  in  fome  the  bale  was  foul,  in  others  the 
point.  * * * 

If  a folution  of  alum  is  permitted  to  cry  ftalize  quiet- 
ly, it  (hoots  into  planes,  of  eight,  frx,  four  and  three 
fides.  But  befide  this,  particles  when  excited  to  a£tion 

by 
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by  a certain  degree  of  heat,  arrange  themfelves  into 

regular  and  delightful  ftar-like  figures  of  different 
fizes.  Many  of  thefe  have  long  dreaming  tails,  and 
referable  comets.  |3thers  fhoot  into  an  infinite  num- 
ber of  parallel  lines,  beautiful  beyond  defcription* 
Thefe  configurations  are  no  lefs  conftant  in  their  forms 
than  the  cryftals  on  which  they  grow.  And  they  are 
equally  tranfparent,  but  the  figui’es  produced  are  fo 
extremely  different,  that  every  considerate  obferver 
muft  judge  -them  to  be  owing  to  fome  very  different 
property  in  nature.  But  what  property  ? Who  can  de- 
termine ? Indeed  how  little  do  we  know  of  the  moft 
^ common  things  ? The  very  elements  that  furround  us, 
the  fire,  the  water,,  the  air  w^e  breathe,  the  earth  we 
tread  upon,  have  many  properties  beyond  our  fenfes  to 
Teach,  or  our  understanding  to  comprehend. 

Dr.  Borlafe  ranges  cryftal  itfelf  and  ail  gems  under 
the  head  of  fpar,  which,  fays  he,  are  only  finer  and 
purer  fubftances  of  the  fpar  kind. 

All  fpar  has  been  in  a (late  of  fluidity.  In  fome  are 
found  draws  and  other  light  bodies.  Yet  time  adds 
nothing  to  their  firmnefs : but  they  are  as  hard  when- 
firPc  confoiidated,  as  ever  they  will  be.  But  why  do  we 
find  no  fpars  in  their  fluid  (late  ? Becaufe  while  the 
matter  of  them  remains  incorporated  with  the  water,  it 
is  not  to  be  diftinguifhed  from  it,  and  as  foon  ^s  it  is 
deferted  by  the  water,  wherein  it  fwims,  it  commences 
flone.  It  is  by  water  that  the  fparry  atoms  are  waftied 
out  of  their  repofitories,  and  collefled  into  a tranfpa- 
rent  or  opake  juice.  As  foon  as?  the  redundant  water 
is  drained  off  or  evaporated,  the  ftony  parts  accede  to 
a clofer  union.  They  are  affifted  therein,  either  by 
cold,  comprefiing  the  parts,  or  by  fudden  evaporating 
t heat.  Thus  the  (tone  is  formed,  fo  much  water  reft- 
ing  in  the  pores,  as  is  neceffary  to  fix  it  into  a confift- 
ency.  Hence  may  arife  fome  queries. 

1.  Whether  fpar  is  not  the  univerfal  gluten  of 
ftones  diftinguifhed  from  each  other  by  various  mix- 
tures of  earthy,  mineral,  or  metallic  particles,  but  all 
united  by  the  fparry  liquor  ? Perhaps  there  is  ficarce 
- any  fand,  ftone,  or  ore,  which  either  by  the  naked  eye 
or  glaffes,  may  not  be  difcerned  to  have  a portion  of 
fpar,  clearer  or  opake,  in  its  compofition. 

2.  Whether 
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2.  Whether  thefe  and  all  other  forts  of  ftones  are 
not  continually  forming  in  the  earth  ? 

3.  Whether  there  are  not  quarries  of  ftone,  which' 
when  left  unwrought  for  a coniiderable  time,  yield  a 
fre(h  fupply  of  ftone,  in  thofe .channels  which  had  been 

before  thoroughly  cleared  ? 

* 

A very  peculiar  kind  of  precious  ftone  is  what  is 
termed  a turquois.  It  is  of  the  opake  kind,  and  com*'* 
monly  of  a beautiful  blue  colour.  And  yet  it  has 
lately  been  made  very  probable,  that  thefe  fhining 
ftones  are  originally  no  other  than  the  bones  of  ani- 
mals. In  the  French  mines  they  are  frequently  found 
in  the  figure  of  teeth,  bones  of  the  legs,  &c.  And 
turquoifes  half  formed  are  compofed  of  laminae,  like 
thofe  of  bones,  between  which  petrifying  juice  infinu- 
ating,  binds  them  clofe  together.  And  the  more  im- 
perfect the  ftones  are,  the  more  diftinguifliable  are  the 
different  directions  of  the  fibres  and  their  lamina?,  and 
the  nearer  refemblance  they  bear  to  fraCtured  bones. 

' The  blue  turquois,  is  indeed  no  other  than  foflii 
bone,  or  ivory  faturated  with  copper  diffolved  in  an  al- 
kaline menftruum ; the  green  turquois  is  the  fame  fub- 
ftance,  intimately  penetrated  by  a cupreous  matter  dif-- 
folved  in  an  acid  menftruum. 

16.  J?he  ioacj£one  js  founc[  in  jron  niines,  and  re-* 

fembles  iron  both  in  weight  and  colour.  Its  moft  re- 
markable properties  are,  turning  to  the  poles,  and  at* 
trading  iron.  As  to  the  former,  when  it  moves  with*  - 
out  hindrance,  it  conftantly  turns  one  end  to  the  north, 
the  other  to  the  fouth : only  declining  a little  to  the 
eaft  or  weft.  If  two  loadftones  are  brought  within  a' 
certain  diftance  of  each  other,  that  part  of  one  which 
is  toward  the  north  pole  of  the  earth,  recedes  from 
that  part  of  the  other  which  refpeCts  the  fame  pole. 
But  it  accedes  to  it,  if  the  fouthern  pole  of  the  one  be 
turned  toward  the  fouth  pole  of  the  other.  The  needle 
touched  with  the  load  ftone,  when  on  this  fide  the  equi- 
noctial line,  has  its  north  point  bending  downward,  on 
the  other  fide,  its  fouth  point : under  the  line,  it  turns 
any  way,  and  is  of  no  ufe. 
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As  to  its  attractive  power,  it  not  only  fuftains  ano 
c ther  loadftone,  (provided  the  north  pole  of  the  one  be 
oppofed  to  the  fouth  pole  of  the  other)  but  iron  alfo. 
Like  wife  if  fteel-cMfcbe  laid  upon  a loadftone,  it  will 
fo  difpofe  itfelf,  ffto  direCt  its  particles  ftrait  to  the 
poles,  whence  they  will  be  moved  round  by  little  and 
little,  till  they  are  parallel  to  the  axis  of  the  loadftone. 
It  communicates  its  virtue  to  iron,  and  if  it  be  armed 
with  (that  is,  fixed  in)  iron,  its  force  is 'greatly  in- 
creafed.  It  lofes  its  force  either  by  fire,  or  by  letting 
two  loadftones  lie  together,  with  the  north  pole  of  one 
oppofed  to  the  north,  or  the  fouth  pole  of  one  to  the 
fouth  of  the  other.  Thefe  plain  phenomena  of  the 
loadftone  we  know  : the  caufe  of  them  we  know  not. 

From  late  obferv,ations  it  appears,  that  the  loadftone 
\is  a true  iron  ore,  and  is  fcmetimes  found  in  very 
large  pieces,  half  loadftone,  half  common  ore.  In 
every  one,  1.  There  are  two  poles,  one  pointing  north, 
the  other  fouth.  And  if  it  be  divided  into  ever  fo 
many  pieces, 'the  two  poles  will  be  found  in  each 
piece.  2.  If  two  loadftones  be  fpherical,  one  will 
conform  itfelf  to  the#  other,  as  either  would  do  to  the 
earth,  and  will  then  approach  each  other : whereas  in 
the  contrary  petition,  *they  recede  from  each  other. 
3.  Iron  receives  virtue,  either  by  touching,  or  by  be- 
ing brought  near  the  ftone : and  that  variou#y,  ac- 
cording to  the  various  parts  of  it  which  it  touches.  4. 
The  longer  the  iron  touches  the  ftone,  the  longer  it  re- 
tains the  virtue.  5.  Steel  receives  this  virtue  better 
than  iron.'  6.  In  thefe  parts  the  fouth  pole  of  a load- 
ftone lifts  more  iron  than  the  north  pole.  7.  A plate 
of  iron  interpofed  hinders  the  operation  of  the  load- 
ftone ; but  no  other  body,  no  not  glafs  itfelf.  8..  A 
touched  wire,  if  bent  round  in'  a ring,  quite  lofes  its 
virtue.  But  though  bending  thus  deftroys  its  virtue 
by  day,  it  will  not  deftroy  it  in  the  evening.  Where 
is  the  philofopher  in  the  world,  who  can  account  for 
this  ? 9.  Loadftones  without  any  known  caufe,  a<5t 

fometimes  at  a greater  diftance  than  other  times* 
That  of  the  Royal  Society  will  keep  a key  fufpended* 
to  another,  fometimes  at  the  height  of  ten  feet,  fome- 
times not  above  four.  As  ftrange  it  is,  the  varia- 
of  the  needle  is  different  at  different  times  of 
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poles  are  fomeUmes^  changed  (as  in  a fplit  loil- 
ftone.)  And  yet  fometimes  one  half  retains  the  fane  . 
poles,  and  the  other  half  has  them  changed.  11. 
Touch  a wire  from  end  to  end  jrijjkthe  fame  pole  of 
the  loadftone,  and  the  end  turns  contrary 

to  the  pole  that  touched  it.  Buf^uch  it  again  from 
end  to  end  with  the  other  pole  of  the  ftone,  and  it 
will  turn  juft  the  contrary  way.  12,  Touch  a wire  in 
the  middle  with  one  pole  of  the  ftone,-  and  the  pole  of 
the  wire  will  be  in  that  place  : the  two  ends  will  be  the 
other  pole.  13.  The  poles  of  a f mall  loadftone  may 
prefently  be  changed,  by  applying  them  to  the  oppofite^ 
poles  of  a large  one.  14.  Iron  bars  which  ftand  long 
in  an  ereCt  pofitien,1  grow  permanently  magnetical  ; 
the  lower  end  of  them  being  the  north  pole,  and  the 
tipper  the  fouth  pole.  15.  The  fame  effect  follows,  if 
you  only  hold  them  perpendicularly  : but  if  you  invert 
them,  the  poles  will  fhift  their  places.  16.  Fire,  which 
deprives  a loadftone  of  its  attractive  virtue,  foon  gives  ' 
verticity  to  a bar  of  iron,  if  it  be  heated  red  hot,  and 
then  coaled  in  an  ereCt  pofture,  or  direCtly  north  and 
fouth.  17.  A piece  of  Engliih  oker,,  thus  heated  and 
cooled,  acquires  the  fame  verticity.  18*  The  verti-" 
city  thus  acquired  by  a bar  of  iron,  is  deftroyed  by  two"*' 
or  three  fmart  blows  oir  the  middle  of  it.  19.  Either 
a piece  of  iron  or  a loadftone  being  laid  on  a cork  that 
fwims*  freely  in  the  water,  whichever  of  the  two  is  held 
in  the  hand,  the  other  will  be  drawn  to  it;  This  proves  * 
that  the  iron  attracts  the  ftone,  juft  as  much  as  it  is  ' 
attracted  by  it.  20.  Draw  a knife  leifurely  from  the 
handle  to  the  point  over  one  of  the  poles  of  a loadftone, 
and  it  acquires  a ftrong  magnetic  virtue.  But  this  is 
immediately  loft,  if  you  draw  it  over  the  fame  pole 
from  the  point  to  the  handle.  Laftiy,  a loadftone  aits 
with  as  great  force  in  vacuo,  as  in  the  open  air.. 

The  chief  laws  of-,magnetifm  are  thefe,  1.  The 
loadftone  has  both  an  attractive  and  a directive  powers 
iron  touched  by  it  has  only  the  former.  " 2.  Iron  feems 
to  confift  almoft  wholly  of  attractive  particles ; load- 
*nones  of  attractive  and  directive  together,  probably  ~ 
mixed  with  heterogeneous  matter,  as  not  having  been 
purged  by  fire  like  iron.  And  hence  iron,  when* 
touched,  will  lift  up  a much  greater  weight  than  the 
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loadftone  that  touched  it.  3.  The  attractive  power  of 
armed  loadftones,  is  caeteris  paribus,  as  their  furfaces. 

4.  Both  poles  of  the  loadftone  equally  attract  the 
needle  till  it  is  tcgtthd.  Then  it  is  that  one  pole  be- 
gins  to  attract  onSHpand  repel  the  other.  But  even 
the  repelling  pole^will  attract  upon  contact,  or  at  a 
very  fmall  diftance.  But  how  odd  are  the  following 
experiments.  I cut  a piece,  fays  Dr.  Knight,  of  a 
laadftone,  into  an  oblong  fquare.  In  this  I placed  the 
magnetic  virtue  in  fuch  a manner,  that  the  two  oppo- 
fite  ends  were  both  fouth  poles,  and  the  middle  quite 
round  was  a north  pole.  I made  the  two  oppofiteends 
of  another  ftone,  north  poles,  the  oppofite  fide  fouth 
poles.  An  irregular  ftone  had  two  broad,  flat  furfaces 
oppofite  to  each  other.  I made  half  of  each  of  thefe 
furfaces  a north  pole,  and  the  other  half  a fouth  pole. 
So  that  the  north  pole  of  one  furface  was  oppofite  to 
the  fouth  pole  of  the  other.  I took  aft  one  that  had  a 
grain  very  apparent,  running  the  lengthways  of  it. 
At  one  end  of  it  I placed  a north  pole,  furrounded  by 
a fouth : at  the  other  a fouth  furrounded  by  a north 
pole  : fo  that  the  edges  of  each  furface  had  a different 
pole  from  that  which  occupied  the  middle. 

Many  varieties  of  this  kind  might  eafily  be  devifed. 
But  thefe  examples  are  fufficient  to  fhew,  how  manage- 
able the  magnetic  virtue  is,  with  refpeCi  to  its.  di;ec- 
tion  ; and  how  defective  all  the  hypothefes  are,  which 
are  brought  to  account  for  the  phenomena  of  the  load- 
ftone. 

Mr.  Howard  failed  to  Barbadoes  in  company  with 
another  fhip,  commanded  by  one  Grofton.  Suddenly 
a terrible  clap  of  thunder  broke  Grofton’s  fore-maft, 
and  did  fome  damage  to  nis  rigging.  When  the  noife 
was  paft,  he  was  furprifed  to  fee  Mr.  Grofton’s  (hip 
(leering  direCtly  homeward.  He  tacked  and  flood 
after  him,  and  found  that  Mr.  Grofton  did 'indeed  - 
fleer  by  the  right  point  of  his  compafs,  but  that  the 
card  was  turned  round,  the  north  and  fouth  poin|| 
having  changed  places.  If  he  fet  it  right  with  his 
finger,  as  foon  as  it  was  fet  at  liberty,  it  returned  to’its 
former  pofture.  And  on  examination,  he  found  every 
compafs  in  the  (hip  had  undergone  the  feme  change.  ‘ 

An 


An  odd  difcovery  has  been  lately  made,  that  not 
only  iron,  as  has  been  generally  thought,  but  brafs 
too,  by  being  hammered  and  properly  touched,  will 
contract  a true  magnetic  virtue.  jAnd  perhaps  it  will 
be  hereafter  drfcovered,  that  othdP^etals  may  receive 
the  fame. 

Before  doling  this  article,  it  may  be  proper  to  obferve* 
firft,  the  peculiar  qualities  wherewith  fome  other  ftones 
are  endued  ; and  fecondly,  the  remarkable  ufes  they 
are  of  to  us.  As  to  the  former,  we  may  obferve,  1. 
The  colour.  The  carbuncle  and  ruby  (bine  with  red,* 
the  fapphire  with  blue,  the  emerald  with  green,  the 
topaz  with  a yellow  or  gold  colour  ; the  amethyft  is 
as  it  were  tinftured  with  wine,the  opal  varies  its  colour 
like  changeable  taffeta,  as  it  is  varioufly  expofed  to  the 
light.  Obferve,  2.  The  hardnefs  wherein  fome  ftones- 
exceed  all  other  bodies,  the  diamond  in  particular, 
which  is  fo  extremely  hard,  that  no  art  is  able  to  coun-- 
terfeit  it.  3.  As  to  the  ufes,  fome  are  ferviceable  for 
building,  and  for  many  forts  of  veflek  and  utenfils ; * 
for  pillars  and  ftatues  ; for  porticos,  conduits,  palaces** 
as  free  ft  one  and  marble  : fome  to  burn  into  lime,  fome  ~ 


(with  the  mixture  of  kelp)  to  make  glafs,  as  common 
flints  ; fome  to  cover  houfes,  as  flate  fome  for  mark- ' 
ing,  as  chalk,  which  ferves  alfo  to  manure  land,  and  ; 
for  medicinal  ufes ; fome  to  make  veffels  which  will 
endure  the  fire.  I might. add  the  warming-ftone,  dig-- 
ged  in  Cornwall : which  being  once  well  heated  at  thef 
fire,  retains  its  heat  for  a confiderable  time. 

17.  Of  the  third  clafs  are  inflammable  foflils,  the" 
. chief  of  which  are  fulphur  and  bitumen.  Both  are 
highly  inflammable : but  the  fubftance  of  bitumen  is 
more  fat  and  tenacious  ; whereas  fulphur  may  ealily 
be  broken,  and  reduced  to  a fine  powder. 

The  bitumen  of  the  Latins  was  by  the  Greeks  called 
afphaltos.  It  is  a black,  folid,  brittle  fubftance,  re- 
fembling  pitch.  It  is  chiefly  found  fwimming  on  the 
0|Dead  Sea,  where  anciently  flood  Sodom  and  Gomor- 
**fah.  It  is  caft  up  from  time  to  time  from  the  bottom 
to  the  furface,  where  it  gradually  condenles  by  the 
heat  of  the  fun.  It  burns  as  violently  as  naphtha ; 

but  is  of  a firmer  confidence. 

r - , Afphaltos 
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Afphaltos  is  alfo  a kind  of  bituminous  ftone,  found 
near  the  ancient  Babylon,  and  lately  in  the  province  of 
Neufchatel,  which  properly  mixed  makes  an  excellent 
cement,  incorruptible  either  by  air  or  water.  With 
this  it  is  fuppofed  tnl  walls  ©f  Babylon  were  built. 

Jet  feems  to  be  formed  in  the  earth  of  a bituminous 
juice.  It  is  a light,  fmooth,  pitchy  ftone.  It  is  fiftile, 
and  worlcslike  amber  : the  bell  in  the  world  is  faid  to 
be  found  in  Yorklhire.  It  leadily  catches  fire,  flafhes 
and  yields  a bituminous  fmell.  Nearly  refembling  this 
is  the  channel  coal,  found  in  feveral  parts  of  Lanca- 
fhire,  which  burns  with  an  even,  fteady  flame,  like  a 
candle  or  torch. 

18.  Amber  is  a kind  of  foflil-  pitch,  the  veins  of 
which  run  chiefly  at  the  bottom  of  the  fea.  It  is 
hardened  in  tract  of  time,  and  call:  on  Ihore  by  the 
motion  of  the  lea.  It  was  long  thought  that  none 
could  be  found  but  in  Pruflia  : but  it  has  fince 
been  found  in  Sweden,  on  the  ftiores  of  the  ifie  of 
Beorkoo,  though  fituate  in  a lake  whofe  water  is 
fweet.  Nay,  it  is  digged  out  of  the  earth,  at  a con- 
liderable  diftance  from  the  fea,  and  not  only  in  Tandy, 
but  in  firm  ground. 

19.  But  the  moll  extraordinary  of  all  foftlls  is  the 
albeftos.  It  feems  to  be  a lpecies  of  alabafter,  and 
may  be  drawn  into  fine  filky  threads,  of  a greyifli  or 
filver  colour.  It  is  inaifloluble  in  water,  and  remains 
unconfirmed  even  in  the  flame  of  a furnace.  A large 
burning-glafs  indeed  will  reduce  it  to  glafs  globules; 
but  common  fire  only  Whitens  it.  Its  threads  are  from 
one  to  ten  inches  long,  which  may  be  wrought  into  a 
kind  of  cloth.  *1  his  the  ancients  efteemed  as  precious 
as  pearls.  They  ufed  it  chiefly  in  making  fhrouds  for 
emperors  or  kings,  to  preferve  their  allies  diftin<ft 
from  that  of  the  funeral  pile  And  the  princes  of 

• Tartary  at  this  day  apply  it  to  the  fame  ufe.  The 
Wicks  for  their  perpetual  lamps  were  likewife  made  of 
it.  A handkerchief  of  this  was  long  fince  prefented  Ip 
the  R.  yal  Society.  It  was  twice  thrown  into  a ftrohg 
fire,  before  feveral  gentlemen.  But  in  the  two  expe- 
riments it  loft  not  above  two  drachms  of  its  weight. 

• • 1 ^ And 
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And  what  was  very  remarkable,  when  it  was  red-hot, 
it  did  not  burn  a piece  of  white  paper,  on  which  it 
was  laid. 

But  there  is  a kind  of  afbeftos  wholly  different  from 
that  known  to  the  ancients.  It  R found,  fo  far  as  we 
yet  know,  only  in  the  county  of  Aberdeen,  in  Scot- 
land. In  the  neighbourhood  of  Achintore,  on  the 
fide  of  a hill,  in  a fomewhat  boggy  foil,  about  the 
edges  of  a fmall  brook,  there  is  a ipace  of  ten  or  twelve 
yards  fquare,  in  which  pieces  of  foffile  wood  petrified 
lie  very  thick.  Near  this  place,  if  the  ground  be  dug 
into  with  a knife,  there  is  found  a fort  of  fibrous  mat- 
ter, lying  a little  below  the  furface  of  the  ground, 
among  the  roots  of  the  grafs.  This  the  knife  will  not 
cut : and  on  examination  it  proves  to  be  a true  afbeC- 
tos.  It  lies  in  loofe  threads,  very  loft  and  flexible, 
and  is  not  injured  by  the  fire. 

Yet  it  is  fometimes  colle&ed  into  parcels,  and  feems 
to  form  a compact  body.  When  this  however  is  more 
nearly  examined,  it  appears  not  to  be  a real  lump,  but 
a congeries  refembling  a pledget  of  .preffed  lint,  and 
being  put  into  the  water,  it  feparates  into  its  natural 
loofe  threads. 

A ftranger  difcovery  has  ftill  been  lately  made.  The 
proprietor  of  a forge,  upon  taking  down  his  furnaces, 
to  repair  them,  found  at  the  bottom  a great  quantity 
of  a fubftance,  which  upon  repeated  trial,  effectually 
anfwered  all  the  ufes  of  the  afbeftos.  It  was  equally 
well  manufactured  either  into  linen  or  paper,  and 
equally  well  endured  the  fire.  Upon  profecuting  the 
inquiry,  it  appeared  to  him,  that  both  the  native 
afbeftos  (at  leaft  one  fpecies  of  it)  and  this  obtained 
from  the  forge,  were  nothing  more,  than  what  he 
terms  calcined  iron,  deprived,  whether  by  nature  or 
by  art,  of  its  inflammable  part : and  that  by  uniting 
the  inflammable  part,  either  with  this,  or  the  foffile 
afbeftos,  it  may  at  any  time  be  reftored  to  its  primi- 
tive ftate  of  iron.  * v} 

I?  #But  it  is  certain  there  is  afbeftos  which  has  no  rela- 
tion to  iron.  Both  in  Norway  and  Siberia,  there  are 
petrifying  waters,  which,  pervading  the  pores  of 
wood  lying  therein,  fill  it  with  ftony  particles ; and 
when  by  a cauftic,  corrofive  power,  derived  from 
, . ^ • lime 
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lime,  they  have  deftroyed  the  wood,  a proper  albeftoff 
remains,  in  the  form  of  a vegetable,  which  is  now  no 
more.  To  which  of  thefe  does  the  following  belong  ? 

Signor  Mareo  Antonia  Caftagna,  fuperintendant  of 
fome  mines  in  Italy,  has  found  in  one  of  them  a great 
quantity  of  linum  albeftum.  He  can  prepare  it  fo  as 
to  make  it  like  either  a very  white  fkin,  or  a very  white 
paper.  Both  of  thefe  refill  the  moll  violent  fire.  The 
Ikin  was  covered  with  kindled  coals  for  fome  time  : be* 
ing  taken  out,  it  was  foon  as  white  as  before  : neither 
had  it  loft  any  thing  of  its  weight.  The  paper  alfo 
was  tried  in  the  fire,  and  without  any  detriment.  Nei- 
ther could  any  change  be  perceived,  either  with  regard 
to  its  whiteneis,  finenefs,  or  foftnefs. 


PART  THE  FOURTH. 


Of  Earth , Water , Fire , Air,  and  Meteors . 


CHAP.  I. 


Of  Earth  and  Water. 

1.  Of  the  formation  of  the  Earth • 

2.  Sand  probably  its  general  Cover • 

3.  An  inundation  of  Sand . 

4.  Of  Mountains . 

5.  The  Benefit  of  Mountains • 

6.  The  Height  of  Mountains • 

7*  Of  Water*  i 
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8.  Of  Ice. 

9.  Of  Fountains. 

10.  Of  the  Sea . 

11.  Of  Rivers  and  IJlands. 

1 2.  Of  the  Bafon  of  the  Sea. 

13.  Of  the  Tides. 

14.  Of  Currents  in  the  Sea. 

15.  Of  fubterraneous  Trees. 

16.  Origin  of  Bogs. 

1_.  HP  HE  earth  or  terraqueous  globe  is  a congeries 
X of  many  different  bodies.  It  contains  fand, 
clay,  various  forts  of  earth,  ftones,  falts  of  various 
kinds,  fulphur,  bitumen,  metals,  minerals,  and  other 


fofTils  almoft  innumerable.  Upon  the  earth  are  the 


waters,  and  on  or  near  its  furface,  animals  and  vege- 
tables of  all  kinds.  But -how  was  this  whole  mafs 
formed  into  mountains,  vallies,  feas,  rivers,  and  if- 
lands  ? Des  Cartes  advances  one  hypothefis.  Dr.  Bur- 
net another.  Mr*.  Hutchinfon  a third.  And  each 


world-builder  advances  plaufible  reafons  for  his  own 
hypothefis.  But  none  of  thofe  reafons  are  demonftra- 
tive  : higher  than  a probability  they  cannot  go. 

That  the  earth  is  round,  manifeftly  appears  from 
the  eclipfes  of  the  moon,  in  all  which  the  ihadow  ap- 
pears circular,  which  way  fo  ever  it  be  projected.  The- 
natural  caufe  of  its  roundnefs,  is  the  great  principal  of 
attraction,  which  the  Creator  has  ftamped  on  all  the 
matter  of  the  univerfe,  whereby  all  bodies,  and  all  the 
parts  of  bodies  continually  attraCl  each  other.  By 
this  means,  as  all  the  parts  of  bodies  tend  naturally  to 
their  centre,  fo  they  take  a globous  figure,  unlefsfome 
other  more  prevalent  caufe  interpofe.  Hence  drops  of 
quickfilver  put  on  a fpherical  form,  the  parts  ftrongly 
attracting  each  other.  Drops  of  water  have  the  fame 
form,  when  falling  in  the  air,  but  are  only  half  round, 
" when  they  lie  pn  a hard  body,  becaufe  their  gravity 
overpowers  their  attraction.  Yet  the  earth  is  not  ex- 
actly round,  but  fwells  out  towards  the  equator,  and 
is  flatter,  towards  the  poles,  which  is  fuppofed  to  be 
occafioned  by  the  diurnal  rotation  of  the  earth  on  its 
axis..  By  this  means  the  greater  diameter  exceeds  the 
lefs,  about  34  miles.  What  the  earth  lofes  of  its  fphe- 
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ricity  by  mountains  and  vales  is  nothing  confiderable : 
the  higheft  eminence  being  fcarce  equivalent  to  the 
{mailed  protuberance  on  thefurface  of  an  orange.  The 
diameter  of  the  earth  is  fappofed  to  be  7967  miles. 

In  the  terraqueous  globe  are,  1.  The  external  part, 
from  which  vegetables  grow,  and  animals  are  nou- 
ridied  : 2,  The  middle  part,  which  is  poflefled  by 
foflils,  and  extends  farther  than  human  labour  can  pe- 
netrate : 3.  The  internal,  which  fome  fuppofe  to  be  a 
great  loaddone  : fome  a large  mafs  of  fire  : fome  a 
collection  of  waters  : and  others,  a hollow  fpace  inha> 
bited  by  animals,  which  have  their  fun,  moon  and  all 
other  conveniences,  peculiar  to  themfelves.  But  indeed 
of  that  we  know  nothing.  The  deeped  cavities  natu-i 
ral  or  artificial,  known  to  us,  fcarce  penetrating  a 
mile  below  the  furface. 

In  the  external  part  we  meet  with  various  drata 
which  were  doubtlefs  formed  by  the  general  deluge* 
The  exterior  parts  of  the  earth  were  then  diifolved,  and 
mixed  with  the  waters  in  one  common  mafs.  After- 
ward they  funk,  nearly  according  to  the  laws  of  gravi- 
ty, the  heavied  fird,  and  the  lighter  in  their  order.  So 
were  thefe  drata  formed,  which  hardening  by  degrees, 
have  continued  ever  fince.  It  is  probable,  thefe  lay 
more  regularly  at  fird,  but  have  been  much  changed 
in  proeefs  of  time,  and  their  order  diduroed  by  earth- 
quakes, volcanos  and  divers  other  caufes. 

The  earth  is  nearer  the  fun  at  Chridmas  than  at 
Midfummer,  as  appears  both  from  the  fun’s  apparent 
diameter,  being  greater  in  December  than  in  June, 
and  from  its  motion,  being  then  fwifter.  Hence  it  is 
that  there  are  about  eight  days  more  in  the  fummer 
half  year  from  March  to  September,  than  in  the  winter 
half  year  from  September  to  March. 

That  the  earth  moves  round  its  own  axis,  not  the 
fun  and  dars  round  the  earth,  may  appear  from  this 
fingle  confideration.  All  the  planets  revolve  in  more 
or  lefs  time,  as  their  orbits  are  greater  or  lefs.  If  then 
they  moved  round  the  earth,  they  mud  revolve  in  un- 
equal times,  according  to  their  orbits  ; not  all  in  the 
fame  time,  in  four  and  twenty  hours,  as  they  feem  \o 
do.  Therefore  they  do  not  move  round  the  earth  > but 
the  earth,  as  the  red,  round  its  own  a*is. 

That 
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That  it  moves  alfo  round  the  fun,  appears  thus.  All 
bodies  which  turn  round  each  other,,  muft  gravitate  to- 
wards each  other  ; confequently  if  the  fun  graviatesto 
the  earth,  fo  muft  the  earth  to  the  fun.  Now  it  is  de-* 
monftrable,  that  when  two  bodies  gravitate  to  each 
other,  without  approaching  eaeh^other  in  right  lines, 
they  both  turn  round  their  common  centre  of  gravity1. 
But  the  earth  being  no  more  than  a point  to  the  fun, 
the  common  centre  of  thefe  two  bodies,  will  be  within 
the  body  of  the  fun  itfelf,  and  not  far  from  the  centre 
of  it.  The  earth  therefore  turns  round  a point  which 
is  in  the  fun  : confequently  round  the  fun.  Indeed  to 
fuppofe  the  earth  at  reft,  deftroys  all  the  order  and 
harmony  of  the  univerfe,  annuls  its  laws,  and  fets  eve- 
ry part  at  variance,  with  the  others.  It  renders  the 
motions  of  the  planets  utterly  inexplicable,  which  are 
otherwife  plain  and  fimple. 

'Nor  is  the  motion  of  the  earth,  whatever  is  vulgarly 
fuppofcd,  contrary  to  any  part  of  the  fcripture.  No 
other  ideas  are  to  be  affixed  to  the  words  of  fcripture, 
than  fuch  as  occur  to  one  who  looks  at  the  thing  fpoken 
of.  By  the  fun’s  rifmg  therefore,  when  mentioned  in 
fcripture,  we  are  to  underftand  no  more  than  the  fun’s 
appearing  again  in  the  horizon,  after  he  had  been  hid 
below  it  : and  by  his  fetting,  his  ceafmg  to  appear. 
And  when  the  fun  and  moon  are  faid  to  ftand  ltill,  it 
means  only,  that  they  did  not  change  their  fituation  in 
refpeft  of  the  earth  : that  the  fun  (till  appeared  juft 
over  Gibeon,  and  the  moon  over  the  valley  of  Ajalon. 
If  it  be  faid,  “ But  David  fpeaks  of  the  fun  running 
its  courfe,”  we  may  anfwer  over  and  above,  the  word 
here  ufed  does  not  mean  the  orb  or  body  of  the  fun, 
but  always  his  rays  or  beams. 

* r-  . f 

2.  It  is  probable  fand  was  once  the  exterior  cover  of 
the  whole  earth.  All  our  northern  mountains  are 

j 

more  or  lefs,  covered  with  it  at  this  day.  And  the 
higher  the  mountain,  the  coarfer  the  fand.  The  ri- 
vers rifmg  in  the  mountains,  ltill  daily  bring  it  down 
in  large  quantities.  And  that  it  has  been  fo  in  all  ages, 
fince  the  firft  rains  fell  on  the  earth,  feems  highly  pro- 
bable, in  that  the  mouths  of  rivers,  and  entrances  of 
harbours  are  ufually  barred  with  it.  And  if  you  pierce 

deep 
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deep  into  the  low  ground  near  rivers,  you  find  this 
mountain-fand  in  great  quantities  : it  was  the  more 
fit  to  be  the  general  cover  of  the  earth,  becaufe  of  its 
great  hardnefs,  and  confequently  durablenefs.  Moun- 
tain fand  above  all  other,  not  being  made  (as  much 
fand  is)  by  attrition,  fteadily  keeps  its  original  figure 
and  magnitude,  x 

All  fands  are  either  natural  or  fa&itious.  Natural 
fands  are  thofe  which  have  been  in  the  fame  or  nearlv 

m «f 

the  fame  date  from  die  creation,  diffufed  through  allm 
the  parts  of  the  earth.  Sand  viewed  in  a microfcope, 
is  no  more  than  a parcel  of  little  (tones:  doubtlefs 
therefore  they  muft  have  begun  to  exift,  and  been 
formed  by  the  fame  laws  that  (tones  were  formed  by* 
Now  (tones  were  formed  nrft  into  hard  and  folid  mafies, 
in  proportion  to  the  quantity*of  umilar  materials,  and 
proper  cement.  Where  there  was  a great  quantity  of 
lapideous  particles,  and  few  heterogeneous  mixtures, 
there  ftrata,  rocks,  and  large  Hones  were  formed.  But 
where  the  lapideous  particles  were  fcattered  and  dis- 
united by  the  intervention  of  other  bodies,  there  fmalf 
rubble-dones,  gravel,  girts,  .and  the  (mailed  ancf 
naoft  numerous  of  all  ftones,  fand,  coalefced  into  mi- 
nute glebes.  This  probably  was  the  procefs  in  every 
part  of  the  earth  ; fo  that  fand  is  one  of  the  primaeval 
bodies,  concreted  at  the  fame  time  with  ftones,  upon 
the  higheft  mountains,  as  well  as  in  the  vallies ; and 
at  the  bottom  of  the  fea,  as  well  as  upon  dry  land. 

Befides  this  natural  fand,  there  is  alfo  a.  factious 
one,  which  owes  its  origin  to  the  fretting  of  river  or 
fea-water.  - For  water  always  in  motion,  preys  upon 
the  ftones  and  grinds  them  by  degrees  into  ftony  pow- 
der which  we  call  fand  : hence  it  is  that  the  fand  of  a 
particular  (bone,  cove  or  bay  has  generally  the  fame 
colour,  and  in  a microfcope,  the  fame  ftrtiuSure,  as  the 
rocks,  and  ftones  of  the  adjacent  cliff  and  the  ftrata  un- 
der the  fea,  upon  which  the  waves  are  perpetually 
working,  and  driving  into  the  fea  what  they  da(h  off 
from  thofe  drata. 

* 3.  We  have  heard  of  large  bodies  of  fand  moving 
together  in  the  deferts  of  Arabia.  But  has  any  thing 
of  the  kind  been  known  in  England  ? There  has,  and 
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* that  very  lately*  It  is  not  a century,  fays  Mr.  Wright* 
fince  our  fands,  near  Dewnham,  in  Suffolk,  firft  broke 
prifon.  In  a warren  near  Lakenheath,  an  impetuous 
fouth-weft  wind  having  broken  the  fand  of  fome  fand- 
hills,  the  fand  blew  upon  the  adjacent  ^rounds,  which 
being  much  of  the  fame  nature,  the  thin  cruft  of  bar- 
ren earth  was  foon  rotted  and  diffolved  by  this  fand 
lying  upon  it,  and  thereby  fitted  to  bear  it  company 
in  its  ftrange  progrefs.  At  its  firft  eruption  the  whole 
magazine  of  fand  could  not  cover  above  eight  or  ten 
acres  of  land.  But  it  increafed  into  a thoufand  acres 
before  the  fand  had  travelled  four  miles.  Above  thirty 
years  fince  it  reached  the  bounds  of  this  town,  where 
for  ten  or  twelve  years  it  did  no  confiderable  mifchief : 
becaufe  its  courfe  was  then  down  the  hill,  which  fhel- 
tered  it  from  the  wind  that  gave  it  motion.  But  the 
valley  oncepaft,  it  went  above  a mile  (up-hill)  in  two 
months  time.  It  over-run  two  hundred  acres  of  good 
corn  that  fame  year.  It  is  now  got  into  the  body  of 
this  little  town,  where  it  has  buried  feveral  houfcs. 
And  the  remainder  have  been  preferved  at  more  e» 
penfe  than  they  were  worth.  At  the  other  end  of  the 
town  divers  houfes  are  buried,  and  our  paftures  and 
meadows  deftroyed.  A branch  of  the  river  Oufe,  up- 
on which  we  border,  for  three  miles  together,  is  more 
than  half  filled  up  with  fand.  And  had  not  this  inter- 
pofed  to  ftop  its  paffage  into  Norfolk,  doubtlefs  a con- 
fiderable part  of  that  county,  had  ere  now  been  left  a 
defolate  trophy  of  this  conquering  enemy. 

4.  One  of  the  mod  confiderable  parts  of  the  earth  is 
the  mountains.  There  is  a remarkable  irregularity  in 
their  figure,  and  (fo  far  as  we  can  judge)  an  entire  ne- 
glect of  order  in  their  fituation.  The  far  greater  part 
of  them  are  hollow,  and  contain  beds  of  (lone,  metals 
or  minerals.  And  doubtlefs  fuch  there  were  from  the 
creation,  although  not  fo  high,  fteep,  or  rugged. 

For  thefe  vaft  maffes  are  not,  as  fome  have  fuppofed, 
mere  incumbrances  of  the  creation ; rude  and  ufelefs 
excrefcences  of  the  "globe  ; but  anfwer  many  excellent 
1 purpofes.  They  are  contrived  and  orderjd  by  the  wife 
Creator,  for  this  grand  ufe  in  particular,  to  difpenfe 
the  moil  rieceffary  provifion  of  water,  to  all  the  parts 


j 


( 212  ) 

of  the  earth  ;•  without  which  neither  animals  could 
live,  plants  grow,  nor  perhaps  foffils  receive  any  in- 
creafe.  For  was  the  furface  of  the  earth  even  and  le- 
vel, tire  re  could  be  no  defcent  for  the  waters,  but  in- 
ftead  of  gliding  along  thofe  gentle  declivities,  quite 
down  to  the  fea,  they  would  drown  large  tradfsof  land, 
and  then  ftagnate  and  putrify. 

* Indeed  without  hills,  as  there  could  be  no  rivers,  fo 
neither  could  there  be  any  fprings,  which  we  continu- 
ally find  in  or  near  high  grounds,  very  rarely  on  fpa- 
cious  plains.  When  we  do  find  any  there*  it  is  gene- 
rally at  great  and  inconvenient  depths.  And  even 
thefe  are  probably  owing  to  hills,  either  near,  or  atfome 
diltance  : as  we  may  gather  from  the  impetuous  man- 
ner wherein  thefe  fabterrancous  waters  break  cut,  when 
wells  are  dug  in  the  Lower  Auftria,  or  in  feveral  parts 
cf  Italy.  And  if  there  are  fome  iflands,  which  feem 
void  of  mountains,  and  neverthelefs  are  well  watered, 
in  reality  the  whole  mafs  of  land  is  no  other  than  one 
mountain  defcending  gently  and  imperceptibly  down, 
f:  om  the  midland  parts  to  the  fea. 

*•  ^ * i \ 

5.  The  benefit  of  mountains  in  general  is  not  only, 
that  vapours  driven  againft  them  are  condenfed,  ib 
as  to  be  precipitated  through  the  chinks  of  the  rocks, 
but  that  afterwards  in  their  bowels  they  are  preferved 
till  they  form  rivulets,  and  then  rivers.  Vapours 
would  fall  in  rain  or  dew  though  there  were  no  moun- 
tains, but  then  they  would  fall  equally,  over  confide- 
rable  places  of  the  globe  at  once,  and  fo  would  be 
flicked  deep  in  the  ground,  or  make  an  univerfal  pud- 
dle ; whereas  by  means  of  mountains  they  are  perpe- 
tually pouring  down  in  particular  places,  and  treafur- 
ing  up  a conftant  fupply  to  the  rivers.  Another  con- 
liderable  ufe  of  them  is  the  determination  of  thefe'  ri- 
vers : for  if  there  could  have  been  rivers  without 
mountains,  yet  they  could  only  have  run  in  a firait 
line,  if  they  had  run  at  all  ; whereas  by  thefe  emi- 
nences, placed  up  and  down  they'  make  innumerable 
turnings  and  windings,  whereby  they  enrich, . fatten, 
and  water  t^e  foil  of  feveral  different  countries  in  one 
courfe,  and  at  laft  difembogue  in  feveral  mouths  into 
the  fea.  Laftly,  moll  hills  are  the  nefts  of  metals  or 
x ' ' * miner  als. 
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minerals,  Thefe  by  the  efficacy  of  fubterranean  heat, 
converting  the  adjacent  earths  into  their  fubftance, 
grow  as  truly  as  animals  or  vegetables,  I juft  mention 
their  ufe  for  the  production,  fhelter,  and  nourifhment 
of  fome  forts  of  vegetables  and  animals,  which  could 
not  grow  or  live  fo  well  any  where  elfe.  But  from  the 
whole  we  may  fee  of  what  advantage  thefe  unfightly 
moles  (as  fome  thought  them)  are  to  the  accommoda- 
tions, and  even  neceffities  of  life. 

< 6.  The  height  of  Snowden-hill,,  generally  fuppofed 
to  be  the  higheft  in  Great  Britain,  is  1240  yards.  But 
Bkiddow-hill,  in  Cumberland,  is  1760  yards  high  from 
the  level  of  the  lake  beneath.  And  Conagra,  which 
rifes  gradually  from  the  head  of  the  Bay  at  St.  Kilda, 
one  of  the  weftern  iflands  of  Scotland  is  1800  yards 
high  ; fo  that  this  may  juftly  be  (tiled  the  Teneriff  of 
Great  Britain.  The  height  of  feyexal  mountains  jn 
T ranee  is  as  follows  ; 

.Feet 

Bugarach  in  Languedoc  v ,3888 

Le  Puy  de  domme  ^ - 4860 

Le  Courland  *j  - 5088 

Le  Coote  . ^ in  Auvergne  5106 

Le  Cantal  j 5904 

Le  Mont'd’or  J 6180 

Le  Mont  Ventoux  in  Avignon  6216 

The  height  of  the  Pyrenean  Mountains  is., 

St.  Barthelemi  7110 

Le  Montagne  des  Mauffet  7548 

Le  Conigoe  . 8640 

Probably  thefe  mountains  may  .vie  in  height  with 
mod  in  the  known  world.  Yet  above  all  thefe  is  the 
Stella  %Piz  Hail,  a deep  mountain  in  the  Grifons, 
which  is *95.85  Paris  feet  above  the  level  of  the  fea  ; a 
height  which  the  wild  goats  themfelves  fcarce  venture 
to  afeend. 

But  Mr.  Martel  informs  us,  that  the  higheft  point  of 
Mont-Blanc  is  higher  even  than  this  : that  it  is  2076 
toifes  above  the  level  of  the  Rhone,  which  added  to 
the  height  of  this  above  the  fea,  makes  13115  Paris 
feet,  or  above  two  LngUfti  miles,  and  two  thirds  of  a 

mile. 
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mile.  If  fo,  this  is  the  higheft  mountain  in  Europe, 
and  perhaps  in  all  the  world  : unlefs  you  except  Mount 
Athos  in  Macedonia  ; which,  according  to  the  ac- 
count of  Riccioli,  who  meafured  it  exa<5tly,  is  10,000 
Italian  paces  high,  carrying  its  top  above  the  winds 
and  clouds  : a clear  proof  of  which  is,  that  whatever 
is  written  there  in  afhes  or  light  fand,  is  found  there, 
raft  as  plain  as  at  firft,  after  feveral  months  or  years. 

“ But  is  not  the  celebrated  Mount  Atlas  in  Africa, 
the  wonder  of  all  ages,  far  higher  than  this  ?”  One 
who  faw  it,  and  travelled  all  over  it,  is  beft  able  to 
anfwer  this  queftion.  He  writes  thus  : 

« Barbary  is  bounded  on  the  fouth  by  Biledulgerid, 
from  which  it  is  divided  by  Atlas,  a chain  of  moun- 
tains, but  not  of  that  extraordinary  height  or  bignefs, 
which  the  ancients  attributed  to  it.  Thofe  parts  of 
them,  fays  Dr.  Shaw,  which  I have  feen,  are  rarely, 
if  ever  equal  to  fome  of  the  mountains  on  our  own  if- 
land,  and  cannot  any  where  ftand  in  competition  with 
either  the  Alps  or  Apenines.  Atlas  is  a number  of 
hills,  ufually  4-,  5,  or  600  yards  high,  with  an  eafy 
afcent,  and  groves  of  fruit  and  foreft  trees,  riling  up 
one  behind  another.  Only  here  and  there  is  feen.  a 
rocky  precipice,  of  a fuperior  eminence.” 

The  rivers  Indus  and  Ganges,  before  they  enter 
the  ocean,  contain  between  them  a large  peninfula, 
divided  in  the  middle  by  a ridge  of  high  hills,  which 
runs  from  eaft  to  weft,  quite  to  Cape  Comorin.  On 
the  one  fide  is  Malabar,  on  the  other  Coromandel. 
On  the  Malabar  fide  it  is  fummer  from  September  till 
April ; a clear  Iky,  and  fcarce  any  rain.  This  is  win- 
ter on  the  Coromandel  fide,  every  day  and  night 
yielding  abundance  of  rain.  So  that  as  you  crofs  the 
hills  to  St.  Thomas,  in  little  more  than  twenty  leagues, 
you  afeend  the  hill  with  fair  fummer  weather,  and  def- 
cend  with  a ftormy  winter.  There  is  a like  ridge  of 
hills  in  Jamaica  running  from  eaft  to  weft  through  the 
midft  of  the  ifland.  On  the  fouth-fide  of  thefe  there  is 
fummer  from  November  to  April,  on  the  north-fide, 
Winter,  and  fo  vice  verfa.  • 

Hence  it  appears,  that  not  theleflening  the  gravity 
of  the  atmofphere  only,  is  needful  to  produce  rain,  but 
like  wife  either  a change  of  winds  or  a ridge  of  hills,  to 
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.drive  the  particles  of  the  vapours  together.  And  hence 
it  is  that  while  the  wind  blows  from  north-eaft  in  Coro- 
mandel, and  on  the  north-fide  of  the  mountains  in  Ja- 
maica, there  are  continual  rains,  and  conftant  fair 
weather  on  the  fouth-fide  of  the  mountains,  and  in 
Malabar.  Whereas  while  it  blows  from  the  fouth- 
weft,  there  are  conftant  rains  on  the  fouth-fide  of  the 
Jamaica  mountains  and  in  Malabar;  but  conftant  fair 
weather  on  the  north-fide  of  thofe  mountains  and  in. 
Coromandel. 

This  alfo  may  account  for  the  Angularity  of  feafons 
in  Peru,  which  runs  fouthward  from  the  line  above  a 
;thoufand  leagues.  Ic  is  divided  into  three  parts,  long 
and  narrow : the  Lanos  or  plains,  which  run  along 
the  fea-coafts,  the  Sierras,  which  are  hills  with  vallies 
intermixed,  and  the  Andes,  which  are  fteep  and  crag- 
■ gy  mountains.  The  Lanos  are,  fome  ten  leagues  in 
breadth,  fome  lefs,  and  fome  more.  The  Sierra  is 
twenty  leagues  in  breadth,  and  the  Andes  the  fame. 
It  is  remarkable,  1 . That  in  the  Lanos,  the  fouth  and 
the  fouth-weft  winds  continually  blow.  2.  That  they 
never  have  any  thunder,  hail,  fnow  or  rain,  only  fome- 
times  a fmall  dew.  3.  On  the  Andes  it  rains  almoft 
continually.  4.  In  the  Sierra,  which  lies  between,  it 
rains  from  September  to  April,  and  is  clear  from 
April  to  September.  The  reafon  is  plain ; the  con- 
ftant wind  blowing  over  the  Lanos,  finds  nothing  to 
ftop  it,  and  drives  its  vapours  into  rain.  But  the  An- 
des continually  intercept  thefe  vapours,  and  fo  occafion 
continual  rain.  The  Sierras  being  lower,  intercept 
the  vapours  only  from  September  to  April,  becaufe 
■then  the  fun  being  nearer  the  atmofphere  is  lighter,  and 
confequently  the  vapours  fink  lower. 

In  regard  to  this,  there  are  two  or  three  afts  of  Di- 
vine Providence  which  are  highly  obfervable.  One  is, 
that  all  countries  throughout  the  world  fhould  enjoy 
the  great  benefit  of  mountains  placed  here  and  there, 
.at  due  and  proper  diftances.  . According  to  the  natu- 
ral courfe  of  things,  when  the  earth  and  waters  were 
fepa rated,  and  ordered  to  their  refpe<5tive  places,  the 
earth  would  have  been  of  one  even  furface.  The  feve- 
ral  component  parts  thereof  muft  have  fubfided  ac- 
cording to  their  fpecific  gravities,  and  at  laft  have 
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formed  a large,  even  fpherical  furface,  every  where 
equidiftant  from  the  centre  of  the  globe.  But  that  in- 
ftead  of  this  form,  it  fhould  jet  out  every  where  into 
hills  and  dales,  is  a manifeft  fign  of  the  fpecial  provi- 
dence of  a wife  Creator.  Another  fign  of  this  is,  that 
throughout  the  whole  earth,  the  parts  far  the  it  from 
thefea  are  the  higheft  : an  admirable  contrivance  both 
for  fupplying  all  places  with  water,  and  for  carrying 
off  the  fuperfluity  of  it. 

And  as  the  mountains  themfelves  are  naturally  dif- 
pofed  to  be  drier  than  the  low  grounds,  fo  nature  has 
provided  for  them,  a more  plentiful  fupply  of  moif- 
ture,  unlefs  for  that  very  fmall  part  of  them  which  af- 
cends  above  the  clouds  and  vapours.  For  befide  the. 
fountains  which  water  them  continually,  they  have 
more  rains  and  dews  than  the  vallies.  They  are 
much  more  frequently  covered  by  fogs  ; and  by  flop- 
ping and  compreffing  the  clouds,  as  well  as  condenf-  - 
ing  them  by  their  greater  cold,  they  procure  all  the 
rain  they  want. 

**  But  how  were  the  mountains  formed  after  the 
flood  had  diffolved  the  terraqueous  globe  l”  Probably 
thus.  The  fmaller  hills  might  eafily  be  aggregated  by 
the  mere  force  of  the  water.  But  the  mountains  be- 
ing of  a denfer  fubftance,  feem  to  have  been  elevated 
from  beneath,  in  a convex  form,  by  the  violent  force 
of  fubterraneous  wind,  water,  and  fire,  heaving  them 
up,  and  fcattering  them  abroad  in  fo  many  protube- 
rances. And  if  this  was  done  before  the  fubftance  of 
the  ftones  became  fixed  and  indurated,  then  it  is  no 
wonder  that  the  external  wind  likewife  fhould  leave  fo 
manifeft  tokens  of  its  vehement  impetuofity,  in_the  ex- 
tent and  outward  figure  of  them.  This  gives  an  eafy, 
natural  account,  for  the  innumerable  flflures,  chafms, 
and  difruptions,  whereby  fo  many  mountains  are,  as 
it  were,  fawn  afunder,  either  acrofs  or  length  ways. 
And  hence  many  fuch  apertures  in  the  mountains,  are 
filled  with  a flimy  matter  which  was  afterwards  indu- 
rated. In  fome  of  the  mountains  of  Norway,  this  pro- 
jects in  a range,  about  an  ell  in  breadth,  betwixt  the 
other  ftony  ftrata,k  through  the  whole  length  or  bulk  of 
the  mountain,  and  from  the  variety  of  its  colours, 
makes  a very  pleafmg  appearance.  Of  thefe  veins, 
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fome  confift  of  marble  or  alabafter,  fome  of  agate, 
forre  white,  red,  or  blue  done,  which  efpecially  to- 
wards the  fea,  where  the  rocks  are  bare,  form  many 
curious  variegations.  Hence  likewife  there  remain  on 
the  furface  many  detached  blocks  and  fragments,  Mat- 
tered not  only  in  the  vallies  and  creeks,  but  on  the 
tops  of  the  higheft  mountains.  - Many  of  thefe  are  of 
the  bulk  of  a common  houfe,  and  confequently  too 
ponderous,  to  have  been  raifed  to  fuch  an  immenfe 
height,  by  the  hands  or  art  of  men. 

But  the  largeft  mountains  may  have  been  formed  in 
the  following  manner.  The  fea-waters  doubtlefs  re- 
mained fometime  on  the  earth  ; and  during  that  time 
the  furface  of  the  earth  was  the  bottom  of  the  fea, 
where  every  thing  pafled  in  the  fame  manner  as  paffes 
at  the  ptefent  bottom  of  the  fea.  Now  the  fea  has  al- 
ways had  a flux  and  reflux,  and  that  moft  violent  un- 
der the  equator,  where  likewife  the  earth’s  motion 
caufes  a greater  centrifugal  force  than  any  where  elfe. 
Suppofe  then  the  earth  was  at  firfl  quite  round,  yet 
its  diurnal  motion,  with  the  flux  and  reflux  of  the  fea, 
would  have  raifed  by  degrees  the  parts  near  the  equa- 
tor, by  amafling  there  (hells,  mud  and  earth.  And 
as  this  is  performed  daily,  the  water  would  carry  at 
each  time  a (mall  quantity  of  matter,  which  after-  - 
wards  finks  to  the  bottom,  and  forms  thofe  parallel"' 
ftrata,  which  are  every  where  found. 

Thus  in  faft,  on  many  fhores  the  flux  brings  a great 
number  of  things  along  with  it,  and  leaves  them  there. 

So  that  while  it  infenfibly  covers  fome  lands,  it  aban- 
dons others^  after  adding  thereto  fhells,  earth  and  fand, 
which  gradually  accumulating,  make  a part  of  the 
continent. 

On  a eoaft  againft  which  the  fea  beats  violently,  it 
carries  a little  foil  away  at  each  tide.  Yea,  even  where 
it  is  bordered  with  rocks,  it  wears  them  away  by  little 
arid  little.  Thefe  particles  the  water  carry  to  a certain 
diftance,  where  they  fink  in  the  form  of  a fediment, 
and  form  the  firfl  llratum,  which  will  foon  be  covered 
by  another,  and  fo  with  more  and  more.  Hence  in 
time  a mountain  will  be  formed  in  the  bottom  of  the 
fea,  entirely  like  what  we  fee  on  the  land. 

Such  eminences  lying  in  the  fame  direction  with  the 
Vol.  II.'  K ■ - 'waves 


• I 


1 


* ' » 


( 218  ) 

waves  that  produced  them,  form  by  degrees  a chain  of 
mountains.  “ But  how  come  mountains  whofe  top  is 
compofed  of  rock,  to  have  only  earth  or  fand  for  their 
bale,  which  may  often  be  feen  in  the  neighbouring 
plains,  to  a con fider able  diftance  ?”  We  anfwer,  the 
water  firft  tranfported  the  fand  that  formed  the  firft 
layer  at  the  bottom  of  the  fea.  Afterward  the  more, 
firm  and  weighty  fubftances  were  attacked,  and  brought 
by  the  waters  in  an  impalpable  powder.  And  this 
powder  of  ftone  formed  the  rocks  which  now  cover 
tbefe  eminences. 

Thefe  caufes  a<ft  with  more  force  under  the  equator, 
as  the  winds  are  there  more  uniform,  and  the  tides 
more  violent ; and  accordingly  the  greateft  chain  of 
. mountains  is  near  the  equator.  Thole  of  Africa  and 
Peru  are  the  higheft  we  know,  which  after  traverfing 
whole  continents,  ftretch  to  very  confiderable  diftances, 
under  the  waters  of  the  ocean.  The  mountains  of  the 
north  are  not  equal  to  thefe.  Moreover  the  number  of 
ifles  in  the  northern  feas  is  inconfiderable,  while  there 
is  a vaft  quantity  under  the  torrid  zone  s and  an  ifland 
is  no  more  than  the  top  of  a mountain. 

It  is  then  doubtlefs  the  general  flux  and  reflux  of  the 
fea,  which  has  produced  the  greateft  mountains.  But 
others  we  may  afcribe  to  currents,  winds,  and  other 
irregular  agitations  of  the  fea,  which  muft  by  their  va- 
rious  combinations,  infinitely  vary  the  direction  of  the 
tides.  They  are  the  fmalleft  of  all  which  owe  their 
rife  to  earthquakes,  or  other  accidental  caufes. 

But  how.  fhall  we  account  for  the  formation  of  the 
iron  mountain,  near  Taberg,  in  Sweden  ? It  is  fitu- 
ated  in  a mountainous  part  of  the  country,  covered 
with  land,  near  forty  leagues  from  the  fea.  It  is  an  en- 
tire mafs  of  rich  iron  ore,  the  perpendicular  height 
whereof  is  above  four  hundred  feet,  and  its  circum- 
ference three  Englilh  miles.  Oppofite  to  it  is  a valley, 
through  which  flows  a fmall  river.  No  ore  is  found 
beyond  the  foot  of  it,  nor  on  the  neighbouring  plain, 
fo  that  it  appears  as  if  the  mountain  had  been  artifici- 
ally laid  on  the  fand.  For  it  has  no  roots  like  other 
mountains,  nor  does  its  fubftance  penetrate  the  ground. 
It  has  all  over,  many  perpendicular  and  horizontal  fif* 
, - : . . fures, 
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fures,  filled  with  pure  fand  : in  the  inner  parts  whereof 
bones  of  flags  and  other  animals  are  found. 

No  hypothefis  hitherto  advanced  to  account  for  the 
formation  of  mountains,  will  at  all  account  for  this. 

The  bones  found  therein  (hew  it  was  owing  to  fome 
ruinous  caufe.  But  what  that  caufe  was,  muft  in  all 
probability  ever  remain  a fecret. 

No  lefs  unaccountable  are  fome  of  the  mountains  in 
Iceland,  termed  by  the  natives,  Jokeler.  From  the 
tops  of  thefe  continually  flow  large  ftreams  of  a thick, 
footy,  {linking  water.  Thefe  occafion  lakes  which'  in- 
creafe  in  bulk,  and  again  diminilh  and  change  their 
appearance  almoft  every  day.  Hence  paths  are  feen  in 
the  fand  made  by  travellers  that  pafled  the  day  before. 

When  followed,  they  lead  to  a large  pond  or  lake, 
which  obliges  them  to  go  two  or  three  miles  round,  and 
then  they  come  to  the  very  path  oppofite  to  that  which 
they  were  obliged  to  leave.  But  in  a few  days  the 
lake  is,  as  it  were  vaniflied,  and  the  uninterrupted 
path  appears  again.  ' 

7*  A body  that  yields  eafily  to  the  touch,  and  whofe 
parts  making  but  little  refiftance  againft  being  divided, 
move  among  themfelves  with  great  facility,  is  ufual- 
ly  termed  a fluid.  Liquids  are  a fort  of  fluid  which  aC- 
fume  the  figure  of  the  veflels  they  are  contained  in, 
and  always  keep  their  upper  furface  in  a plain,  paral- 
lel to  the  horizon.  Such  are  water,  oil,  mercury, 
which  are  diftinguiftied  from  their  fluids,  by  the  paral- 
lelifm  of  their  furface,  in  confequence  of  their  weight, 
and  the  inteftine  motion  of  their  parts  alt  manner  of 
ways.  That  they  have  fuch  a motion,  plainly  appears, 
from  their  diflolving  hard  bodies.  . Put  apiece  of  cop- 
per into  a glafs  of  aquafortis*  and  there  is  firft  an  effer- 
vefcence,  then  the  copper  diminifhes,  and  at  laft  dis- 
appears. And  what  ftrong  waters  are  with  regard  to 
metals,  other  liquids  are  to  other  fub fiances.  Each  of  I 

them  is  a diflolvent,  more  or  lefs,  according  to  its 
component  particles.  Now  it  is  plain  that  diflblution  1 
fuppofes  motion,  and  is  the  effedt  of  it.  There  is  there- 
fore in  all  liquors  an  inteftine  motion,  from  which  thic  . 1 

eftedi  refults.  ~ f j 

K 2 : • Water  . 1 
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Water  is  a . tranfparent  liquid,  capable  of  heat  and 
iCold,  and  of  being  rarefied  into  vapour.  But  it  is  not 
' capable  of  being  condenfed,  by  any  method  yet  known. 

Jt  is  of  itfelf  without  fmell  or  tafte,  and  liable  to  pu- 
treta&ion.  It  is  heavier  by  many  degrees  than  air, 
and  infinuates  where  air  cannot  enter.  Thefe  proper- 
ties do  unqueftionably  depend  on  the  figure  and  tex- 
ture of  its  parts.  But  thefe,  after  our  moll  curious 
refearches,  it  is  not  poffible  to  know  with  certainty. 
J)r,  Boerhaave  .fays,  no  one  ever  yet  faw  a drop  of 
pure  water.  It  is  never  pure  from  falts.  For  all  wa- 
water  contains  air,  and  all  air  contains  falts. 

The  particles  of*  water  are  generally  allowed  to  be 
round.  This  figure  indeed  is  probably  inferred  from 
its  fluidity.  Allowing  then  the  particles  of  it  to  be 
round,  fluidity  muft  be. an  effential  property  of  all 
quantities  and  aflemblages  of  it.  For  take  any  mafs 
of  round  bodies,  (bullets  forinftance,  pebbles,  or  the 
like)  they  will  not  cohere  or  reft  by  one  another  with* 
out  force,  but  will  flow  on  every  fide,  till  they  meet 
with  fuch  refiftance  from  external  bodies*  or  rather 
internal  gravitation,  as  ftiall  prevent  farther  motion. 

The  particles  of  water  are  unalterable,  for  pafling 
into  fo  many  bodies,  and  through  fuch  alternate  ex* 
tremes  of  heat  and  cold,  if  they  had  not  preferved 
their  eflential  properties  conftantly,  moifture  fince  the 
beginning  of  the  world,  muft  have  very  fenfibly  dimi- 
nifhed.  But  feeing  no  fuch  deficiency  appears,  and 
that  fprings,  rains,  and  rivers,  are  as  abundant  now 
.as  they  anciently  were  (as  by  the  rifing  of  the  Nile 
for  many  ages,  among  other  reafons  may  appear)  we 
are  to  conclude  though  waters  may  be  tranfplanted, 
they  can  neither  be  tranfmuted  nor  deftroyed.  And 
wherever  removed  they  will  make  their  appearance 
again  when  at  liberty,  in  the  fame  liquid  ftate  as  they 
were  before* 

The  particles  of  water  are  exceeding  fmall : for  they 
may  be  fo  divided  from  each  other,  that  one  fquare 
inch  of  common  water  (hall,  when  rarefied,  fill  a fpace  _ 
of  14000  fquare  inches.  And  it  is  computed  that  at 
leaft  13000  particles  of  water  may  be  held  oft  the 
point  of  a needle.  By  this  it  appears,  that  what  we 

call  water  is  an  affemblage  of  fmall  tranfparent  glo-  , 
, bules* 
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Stiles,  which  are  compofed  again  of  an  infinite  num^ 
her  of  fmaller  particles  or  atoms  of  this  elementary  li- 
quor. V ' . ’ 

Water  feems  to  be  diffu  fed  every  where,  andmixeck 
with  all  bodies.  Fire  itfelf  is  not  without  it.  Place 
fait  of  Tartar  near  the  hotteft  fire,  and  it  will  imbibe' 
water,  and  thereby  in  a fhort  time,  confiderably  in- 
creafe  in  weight.  So  a pewter  veflel  with  ice  in  it,, 
brought  up  from  a cold  vault  into  the  hotteft  room,  in 
a dry  Simmer- day,  is  immediately  covered  with  little; 
drops  of  water,  which  is  gathered  from  the  air,  and 
condenfed  by  the  coldnefs  of  the  ice. 

Indeed  the  quantity  of  water  which  is  afforded  by 
the  dryeft  bodies  is  furprifing.  Oil  of  vitriol  long  ex-, 
pofed  to  a violent  fire,  to  feparate  it  from  all  its  water, 
by  only  (landing  a few  minutes  in  the  air,  will  afford' 
as  much  as  at  firft.  Hattfhorn  kept  forty  years,  and 
^ turned  as  hard  and  as  dry  as  any  metal,  fo  as  to  ftrike 
fire  with  a flint,  yet  diftilled  in  a glals  veffel,  will  yield 
an  eight  part  of  its  quantity  in  water.  Bones  dried 
five  and  twenty  years,  and  almoft  as  hard  as  iron, 
have'  by  diftillation  yielded  half  their  weight  in  water. 
Yea,  the  hardeft  ftones,  ground  and  diftilled,  always 
afford  a portion  thereof.  _ All  animals  and  vegetables: 
grow  out  of  water  and  falts,  and  by  putrefa&ion  return-  * 
to  the  fame. 

The  chief  properties  of  water  are,  1 . It  is  next  to 
fire,  the  moft  penetrative  of  all  bodies.  So  that  a ve£ 
fel  through  which  water  cannot  pafs,  will  contain  any 
tiling.  Only  fome  oils  will  pafs  through  thofe  woo- 
. den  veffels,  which  contain  water.  Not  that  their  par- 
ticles are  more  penetrative  ; but  thofe  woods  abound 
with  rozin.  This  the  oil  diffolves,  and  then  makes  its 
way  through  the  fpaces  left  thereby.  Water  alfo  by 
degrees  makes  its  way  through  all  wood,  and  is  only, 
retainable  by  glafs  ai|d  metals.  It  finds  its  way  where 
air  cannot,  as  through  leather,  which  air  cannot  pe- 
netrate. Again.  Air  may  be  retained  in  a bladder  ; * 

but  water  oozes  through.  Yea,  experiments  fhew,  it 
will  pafs  through  pores  ten  times  fmaller  than  air  will. 

By  this  very  quality  it  is  fitted  to  enter  into  the  compo- 
fition  of  all  bodies,  animal,  vegetable,  and  foflii ; with 
this  peculiar  circumftance,  that  by  a gentle  heat  it  is 
^ feparable 
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feparable  from  them  again.  By  this,  joined  with  its 
fmoothnefs,  it  is  fit  to  convey  the  nutritive  matter  of 
all  bodies.  Pafling  fo  readily,  it  never  flops  up  the 
pores,  but  leaves  room  for  the  following  fupplies.  And 
yet,  2.  Water,  which  fo  eafily  feparates  from  moft 
bodies,  firmly  coheres  with  fome  : yea,  binds  them  to- 
gether in  the  moft  folid  maffes.  So  mixed  with  afhes, 
it  gives  the  utmoft  firmnefs.  The  afhes,  for  inflance, 
of  an  animal,  wrought  up  with  pure  water  into  a pafle, 
and  baked  with  a ftrong  fire,  grows  into  a.coppel, 
which  bears  the  utmoft  heat  of  a refiner’s  furnace.  It 
is  in  truth,  by  the  glutinous  nature  of  water  alone  that 
our  houfes  ftand.  For  take  this  out  of  wood,  and  it 
becomes  afhes  ; out  of  tiles,  and  they  become  duft. 

Indeed  all  the  liability  and  firmnefs  in  the  univerfe 
are  owing  in  part  to  water.  Thus  ftone  would  be  in- 
coherent fand,  did  not  water  bind  it  together.  And 
thus  of  water  and  clay  we  make  earthen  veffels,  of  the 
utmoft  hardnefs  and  clofenefs.  And  thefe,  though  ap* 
pearing  perfectly  dry,  yield  when  diflilled,  an  incie. 
dible  quantity  of  water.  The  fame  holds  of  metals, 
parings  or  filings,  which  by  diftillation  yield,  water  ' 
plentifully.  Yea,  the  hardefl  flones,  fea-falt,  nitre, 
vitriol,  are  hereby  {hewn  to  confift  chiefly  of  water. 

Hence  we  learn  that  the  component  particles  of 
water  are,  1.  Infinitely*  fmall ; whence  their  penetra- 
tive power.  2.  Exceeding  fmooth  and  flippery  ; hence 
their  fluidity,  and  eafy  feparation  from  other  bodies. 

3.  Extremely  folid,  4.  Perfectly  tranfparent.  5.  Hard, 
rigid,  and  inflexible  : as  appears  from  the  abfolute  im- 
poflibility  of  compreffing  them. 

Salts  melted  in  water,  do  not  fill  the  veffel  in  pro- 
portion to  their  bulk.  It  follows,  that  there  are  fpaces 
between  the  particles  of  water,  to  admit  thofe  of  the 
fait.  Hence  alfo  we  gather,  that  the  watry  particles 
are  extremely  folid  and  inflexible,  fince  notwithfland- 
ing  thofe  fpaces,  no  power  can  comprefs,  or  force 
them  nearer  each  other. 


8.  When  the  particles  of  nitre  that  float  in  the*air, 
wedge  the  particles  of  water  together,  they  become 
ice.  The  air  lodged  in  the  pores  of  the  water,  is  then 
greatly  expanded.  Hence  the  water  is  lighter  than 

before  : 
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before;  but  at  the  fame  time  it  i$  lefs  trattfparent  i 
perhaps  becaufe  the  paffage  of  light  is  hindered  by  the 
interpofal  of  thefe  nitrous  particles. 

It  is  obfervable,  h That  all  liquids,  except  oil,  di- 
late in  freezing  and  grow  lighter.  Nay,  even  after 
they  are  thawed,  they  are  confiflerably  lighter  than 
before!  2.  That  water  will- not  freeze  in  vacuo:  3^ 
That  water  which  has  been  boiled  does  not  readily 
freeze : 4.  That  water  covered  with  oil  of  olives  does 
not  freeze  readily;  covered  with  nut  oil,  not  at  all  r 
5.  That  nut  oil,  oil  of  turpentine  and  fpirits  of  wine 
will  not  freeze  at  all : 6.  That  frozen  water  is  covered 
with  wrinkles,  fomething  like  rays  drawn  from  a cen- 
tre to  the  circumference. 

Though  fluids  are  dilated  near  a tenth  of  their  length* 
metal  are  (hortened  by  froft.  If  veifels  made  of  me*  ; 
Cals,  Howrever  thick  and  ftrong,  be  filled  with  water i 
clofe  flopped,  and  expofed  to  froft,  the  water  will  burfl 
the  veflels.  A ftrong  barrel  of  a gun,  thus  filled  and 

flopped,  will  rend  the  whole  length. 

- " • ^ \ ^ - - '■ 

Dr.  Plot  obferves,  that  rivers  are  always  found  to’  , 
freeze  fir  ft  at  their  bottom.  The  fame  is  obferved  by 
watermen  in  the  Thames,  who  not  only  feel  it  at  the  , 
bottom  with  their  poles,  fome  days  before  the  furfacei 
is  froze  over,  but  fee  it  rife  up  from  the  bottom,  fo  as 
to  dart  up  in  pieces  edgeways,  half  a foot,  fometimes 
a foot  above  the  furface.  In  this  pofture  it  continues 
a little  time,  and  then  turning  flat  upon  the  water* 
fwims  along  the  ftream,  till  it  meets  with  other  pieces, 
which  if  the  froft  continues,  all  harden  into  one,  till  the 
river  is  froze  over. 

<*  In  a part  of  the  Thames,  where  there  was  very 
little  ftream,  I found  the  water,  (fays  Dr.  Hale)  in  a 
cold  morning,  froze  one  fifth  of  an  inch  thick,  under 
which  I faw  a bed  of  ice  at  the  bottom.  Breaking 
away  fome  of  the  upper  ice,  I took  up  fome  of  the 
lower  ice,  which  was  about  half  an  inch  thick.  It  ad- 
hered clofe  to  the  bottom,  where  the  ftones  and  fand 
were  incorporated  with  it.  When  it  freezes  to  a con, 
fiderable  thicknefs,  it  will  raife  up  with  it  from  the 
bottom,  the  fifhermen’s  ofler  wheels,  although  they  are 
funk  down  with  ftones  or  bricks  tied  to  them. 

“ Standing 


./ 
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u Standing  waters  indeed  freeze  firft  at  top,  be- 
caufe  they  are  coldeft  there  : whereas  in  a ftream  the 
upper  and  lower  waters  being  continually  blended  to- 
gether, are  equally  cold  ; and  the  upper  water  mean 
time  having  more  motion,  cannot  freeze  fo  foon.  But 
here,  where  the  motion  of  the  water  was  fo  fmall,  its 
furface  was  froze  as  well  as  the  bottom,  though  not  fo 
thick  : whereas  the  mean  river,  where  its  motion  was 
greater,  was  not  froze  over,  though  cakes  of  ice  were 
continually  riling  from  the  bottom.” 

A ' . S'  _ 

It  has  been  commonly  fuppofed,  that  fluids  not  only 
dilate,  but  evaporate  by  cold.  And  this  has  long 
pafled  for  an  inconteftible  truth.  Yet  it  is  altogether  a 
miftake.  From  later  experiments  it  undeniably  ap- 
pears, 1.  That  cold  does  not  increafe,  but  lefTen  the 
evaporation  of  water,  if  it  be  not  expofed  to  the  agi- 
tation of  the  air : 2.  That  the  .evaporation  of  water  de- 

{ lends  on  an  inteftine  motion,  which  it  preferves  as 
ong  as  it  is  liquid,  and  that  the  air  only  contributes 
thereto,  by  continually  txanfporting  the  particles  de- 
tached from  the  furface,  and  thereby  giving  other  par- 
ticles room  to  difengage  themfelves  : 3.  That  frozen 
water  does  not  evaporate  at  all,  if  it  be  kept  from  the 
agitation  of  the  air : 4.  That  the  diminution  obferved 
in  ice  expofed  to  the  open  air,  is  not  from  any  evapo- 
ration, but  is, the  effect  of  a fine  rafping  by  the  wind, 
rubbing  againft  it  and  carrying  off  its  finer  particles. 
And  what  is  thus  detached  from  ice  is  only  a very  fine 
duff,  not  more  different  from  ice  than  the  duff  of  free- 
ftone,  cut  from  the  ftone  itfelf. 

This  duff  carried  by  the  wind  produces  intenfe  cold. 
Nor  is  it  always  invifible.  The  air  near  Hudfon’s  Bay 
is  often  filled  with  particles  of  ice,  fine  as  hairs,  and 
fharp  as  needles ; which  if  they  ftrike  againft  the  hands 
or  face,  pierce  the  (kin,  and  occafion  painful  blifters. 
The  natural  ftate  of  this  globe  feems  to  be  in  an  in- 
termediate degree  between  heat  and  cold.  And  this 
natural  warmth  of  the  earth  is  what  fecures  many 
iprings  from  being  frozen  : the  froft  in  England  feldom 
penetrating  the  earth,  more  than  fourteen  inches  below 
the  furface.  Even  in  Sweden  bubbling  fprings  d©  not 
freeze  at  all,  while  the  (landing  waters  freeze  three 
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In  the  lakes  of  Sweden  the  ice  often  cracks,  with  a 
rupture  nine  or  ten  feet  deep,  and  many  leagues  long, 
and  with  a noife  like  cannon.  Hereby  the  fifties^  get. 
air,  fo  that  few  of  them  are  deftroyed.  In  Mofcow 
the  earth  is  often  cleft  by  the  fro  ft,  a foot  broad  and 
many  yards  long.  In  the  mountains  of  Switzerland,, 
there  are  vaft  mafies  of  ice,  which  have  lain  there  for  \ 
many  centuries.  At  certain  times  thefe  crack,  and  by 
thofe  cracks  one  may  guefs  at  the  immenfe  thicknefs 
of  them  : fome  of  the  cracks  being  three  or  four  hun- 
dred ells  deep,  though  none  of  them  have  ever  gon^ 
through  the  whole  thicknefs  of  the  ice. 

We  need  not  then  be  furpriled,  at  the  effects  of  fe-- 
vere  froft  on  trees  and  other  vegetables*.  How  thefe 
are  hurt  in  hard  winters  is  ealily  underftood,  if  we . 

1 M • 

confider,  that  water  when  frozen,  takes  up  more  fpace 
than  it  did  before  that  all  trees,  efpeciaily  thofe  that 
filed  their  leaves,  drink  in  a large  quantity  of  moifture 
in  fummer,  and  that  the  veflels  of  lmall  twigs  are 
larger  in  proportion  than  thofe  of  the  trunk,  and  con- 
fequently  contain  more  moifture.  It  follows,  that  be- 
ing furprifed*  by  a hard  winter,  before  their  juices  are 
diminiihed,  or  changed  into  a glutinous  nature,  which 
does  not  fo  eafily  freeze  ; the  veflels  of  the  tree  muft. 
neceflarily  burft.  Coniequentlv  their  juice  muft  be 
extravafated,  and  fo  caufe,  as  in  animals,  the  death  of 
the  tree,  by  a kind  of  bleeding,  which  nothing  can  ; 
flop. 

In  the  great  froft  in  1683,  oaks,  allies  and  walnut-- 
trees were  cleft  in  two,  and  frequently  with  a terrible 
noife,  and  not  only  their  bodies,  but  their  branches  and 
roots  alfo.  In  1708,  the  froft  was  almoft  through  all 
Europe,  except  Scotland  and  Ireland.  All  the  orange* 
trees  and  olives  in  Italy,  Provence,  and  many  other 
countries  perifhed,  and  all  the  walnut  trees  in  France,, 
with  an  infinity  of  other  trees.  In  England  moft  of 
the  bay-trees,  hollies,  rofemary,  and  even  furze  perill- 
ed. The  fap  alfo  of  wall-trees  ftagnated  in  the  branches, 
and  produced  diforders  refembling  chillblains.  And  the 
very  buds  of  the  finer  trees  were  quite  * killed,  and 
turned  into  a kind  of  mealy  fubftance.- 

• K 3 la 


V 


I 


'A  -, 

( 226  ) 

In  1?28,  toward  the  end  of  November,  the  wind 
blew  exceeding  cold,  followed  by  fo  heavy  a fnow,  as 
in  one  night  broke  off  large  arms  of  many  evergreen 
trees.  At  this  time  alfo,  there  was  a great  number  of 
large  trees  di (barked.  Two  Weft  India  plane-trees, 
in  particular,  in  the  phyfic  garden  at  Chelfea,  which 
were  near  forty  feet  high,  and  a fathom  in  circumfe- 
rence, were  di (barked  almoft  from  the  bottom  to  the 
top,  on  the  weft  fide  of  the  trees.  And  it  was  obferv- 
able,  that  whatever  trees  were  difbarked,  it  was  on  the 
weft  or  fouth-weft  fide. 

On  the  fourteenth  of  December,  1759,  there  was  at 
Peterfburg,  the  moft  exceflive  cold  weather  that  ever 
was  known,  even  to  205  degrees  of  De  Lifle’s  ther- 
mometer. At  that  time  ProfelTor  Braun  repeated 
Fahrenheit’s  experiments,  in  order  to  produce  excef- 
five  cold  by  means  of  fpirit  of  nitre  combined  with 
fnow.  He  faw  with  furprife,  the  quickfilver  in  the 
other  thermometer  defcend  even  to  470  degrees : 
there  the  quickfilver  remained  fixed  in  the  open  air, 
for  the  fpace  of  a quarter  of  an  hour,  and  did  not  be- 
gin to  rife,  till  it  was  carried  into  a warm  room.  He 
repeated  the  fame  experiment,  firft  with  the  fame,  and 
then  with  another  thermometer,  with  the  fame  fuc- 
cefs.  But  as  Mr.  Braun  had  not  broken  the  glades, 
he  could  only  at  that  time  form  a conjecture.  On  the 
17th  he  produced  again  cold  equal  to  that  of  the  14th, 
and  communicated  his  difcovery  at  a meeting  of  the 
Academy.  On  the  25th  of  December  in  the  morn- 
ing, between  nine  and  ten,  De  Lifle’s  thermometer 
was  at  the  1 99th  degree  of  cold,  and  Mr.  Braun,  as  well 
as  Profeflbr  jEpinus,  repeated  this  experiment.  As 
foon  as  the  former  obferved  the  quickfilver  immovea- 
ble in  the  thermometer,  he  broke  the  glafs,  and  found 
the  quickfilver  frozen,  but  not  entirely : Mr.  iEpinus’ 
thermometer  fell  with  extreme  rapidity,  almoft  to  the 
500th  degree,  and  in  breaking  the  glafs  from  below, 
he  found  the  quickfilver  contained  in  it  abfolutely  fro- 
zen. Both  the  gentlemen  found,  that  the  quickfilver, 
thus  rendered  folid;  bore  hammering-  and  extenfion, 
like  other  metals;  but  being  expofed  to  the  open  air, 
i;  recovered  its  former  fluidity  in  a little  time. 
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Mr.  iEpinus  went  farther,  to  examine  the  quickfil- 
ver  when  it  was  made'  folid.  He  poured  quickfilver 
into  a glafs  tube,  as  thick  as  one’s  finger,  clofed  at  the 
bottom,  but  open  at  top. 

The  quickfilver  in  this  cylinder,  which  was  about 
one  inch  and  halflong,  froze  in  three  quarters  of  a mi- 
nute ; and  became  folid,  perfe&ly  refembling  other 
metals.  Mean  time  it  continually  contra&ed  its  fur- 
face,  which  was  at  firft  pretty  high,  funk  very  low,  and 
the  cylinder  of  frozen  quickfilver  funk  to  the  bottom 
of  the  fluid  quickfilver.  We  know  the  contrary  hap- 
pens to  water  frozen  and  other  fluids,  which  extend  as 
they  become  folid,  and  their  ice  fwims  in  the  fluid  mat* 
ter,  of  which  they  were  produced. 

The  bodies  of  ice  in  the  northern  feas,  near  Htidfon’s 
Bay  are  furprifing  : fome  of  them  are  imrr.erfed  a 'hun- 
dred fathoms  or  more,  under  the  furface  of  the  ocean. 

They  ftand  a fifth  or  lixth  part  above,  and  are  three 
or  four  miles  in  circumference.  Thefe  floating  moun- 
tains owe  their  durable  nature  to  a caufe  not  ufually 
obferved  ; that  is,  to  their  not  being  common  ice,  but 
the  ice  of  fea-water.  If  a phial  of  fea- water  be  expos- 
ed to  the  air  in  frofty  weather,  till  flakes  of  ice  are 
formed  therein,  and,  then  fet  in  a warm  room,  ftillthe 
flakes  will  remain  a long  time  undilfolved,  and  if  they 
are  taken  out,  and  expofed  at  a fmall  diftance  to  the 
fire,  they  will  not  run  into  water,  as  common  ice  does; 
but  will  by  degrees  evaporate,  leaving  only  a little 
white  fait.  It  is  eafy  then  to  conceive,  that  the  im- 
menfe  mafles  of  this  ice  found  in  the  Northern  Seas, 
will  continue  undiflolved  throughout  the  year,  and  at 
the  return  of  the  freezing  feafon,  grow  larger  and 
larger  every  year,  by  the  freezing  of  more  ice  about 
them. 

, ; "*  / V 

On  the  contrary  there  are  fome  waters,  which  will’ 
not  freeze  at  all.  The  lake  Nefs  in  Scotland-  never 
freezes,  be  the  winter  ever  fo  fevere.  Yea,  while  eve* 
ry  thing  round  is  frozen,  its  water  runs  fmoking  for 
fix  miles  down  the  river  into  which  it  is  difchargedj 
and  from  this  fmoke  there  rifes  a fort  of  fog,  which 
overfpreads  the  country,  for  feveral  miles.  Near  the 
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ake  is  a mountain,  on  the  fummit  of  which  there  is 
another  lake,  which  is  always  full,  fummer  and  win- 
ter, Due  weft  from  the  river,  there  is  another  lake, 
two  miles  long  and  fix  broad.  The  middle  of  this  is 
fometimes  dry,  and  then  plainly  appears  to  have  been 
once -an  inhabited  country.  There  are  many  tumu- 
" li  to  be  feen  underwater,  one  of  which  is  acceffihle  at 
low  water.  And  in  this  urns  have  been  found,  which 
leave  no  room  to  doubt  of  their  having  been  burial 
places,  d 

There  are  likewife  in  Scotland  other  lakes,  which 
freeze  only  at  peculiar  feafons.  A little  lake  in 
Stratherick,  never  freezes  over,  be  the  froft  ever  fo 
fharp,  till  February.  But  after  the  firft  part  of  this 
month,  a flight  froft  will  freeze  it  over  in  a night’s 
time.  There  are  alfo  two  other  remarkable  lakes  in 
the  fame  country.  The  one  Loch  Moiian,  which  is 
confiderably  large,  obferves  the  fame  rule,  freezing 
over  in  February  with  a flight  froft,  but  never  before, 
be  the  feafon  ever  fo  rigorous.  The  other  in  Straglafli 
has  a contrary  quality.  It  lies  between  tvro  high  hills,  • 
and  is  itfelf  confiderably  above  the  level  of  the  reft  of 
the  country.  This  freezes  continually,  having  ice  in 
/the  middle,  even  in  the  hotteft  fummer  months,  white 
the  fun,  by  refle&ion  from  the  hills  on  each  fide,  gives 
a very  confiderable  heat.  There  are  many  other  lakes 
in  the  neighbouring^  country  which  yet  have  no  fuch 
property  : fo  that  this,  and  the  property  of  the  two 
other  lakes,  muft  be  owing  to  fome  peculiar  caufe. 
The  herbage  about  the  fides  of  the  laft  lake  mentioned, 
has  a kind  of  perpetual  fpring,  which  continues ' 
throughout  the  whole  year,  and  is  much  efteemed  by 
the  country  people,  for  feeding  cattle  in  one  month, 
more  than  the  heft  land  in  the  country  will  do  in  two. 
The  lakejs  very  deep,  and  the  water  does  not  manl* 
feft  any  particular  quality. 

9.  Rain  and  fnow  which  rife  in  vapours,  both  from 
v the  earth  and  waters,  defeending  on  hills,  fink  through 
the  earth,  till  they  meet  with  a bed  of  clay  or  ftone. 
This  retains  the  water  and  gathers  it  together,  in  a 
larger  or  fmaller  bafon*  till  running  over  the  edge,  it 
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makes  itfelf  a way,  and  rifes  in  a fountain.  Hence'iffues  a 
rivulet,  many  of  which  joining  together,  conftitute  a 
river,  which  continues  its  courfe,  till  it  empties  itlelf 
into  the  grand  receptacle  of  water,  the  fea.  . / 

But  it  has  been  a Iked,  u Is  there  a fufficient  quanti- 
ty of  vapours  raifed,  in  the  ordinary  courfe  of  nature, 
to  fupply  the  demand  of  fountains  and  rivers  V*  We 
anfwer,  there  is  abundantly  fufficient,  from  the  fur- 
face  of  the  fea  alone,  leaving  the  earth  out  of  the  ac- 
count. For  it  has  been  (hewn  by  clear  experiments,  I. 
That  water  falted  to  about  the  fame  degree  as  fea- wa- 
ter and  expofed  to  heat  equal  to  that  of  a fummer’s 
day,  did  from  a circular  fur&ce,  eight  inches  in  dia- 
meter, evaporate  fix  ounces  in  24  hours.  If  fo,  the 
thicknefs  of  a fkin  of  water,  evaporated  in  two  hours, 
is  the  53d  part  of  an  inch.  But  were  it  only  a 60th,  it 
would  exhale  the  tenth  of  an  inch  in  two  hours.  And 
on  this  principle  every  ten  fquare  inches  of  the  furface 
of  water,  yield  in  vapour  a fquare  inch  of  water  daily  : 
each  fquare  foot  half  a pint  : every  fpace  of  four  feet  - 
fquare,  a gallon  : a mile  fquare  6914  tons  : a quanti- 
ty abundantly  fufficient  to  furnifli,  both  dews,  rains, 
fprings,  and  rivers.  So  that  we  need  not  have  re- 
course for  fupplies  to  the  great  abyfs,  whofe  furface, 
at  high  Water,  is  furmounted  feveral  hundred  feet, 
even  by  ordinary  hills  ; and  fome  thoufands,  by  thofe 
vaft  mountains,  from  whence  the  largeft  rivers  take^ 
their  courfe. 

Neverthelefs  we  may  allow  a different  rife  to  thofe 
- fprings,,  which  ebb  and  flow  with  the  fea  ; as  likewife 
to  thofe  lakes  whofe  water  is  fait,  and  which  have  fea* 
fifh  in  them,  although  they  have  no  communication 
with  any  fea,  by  any  vifible  paffage. 

To  explain  this  a little  more  at  large.  It  is  evident 
from  experience,  that  a vapour  is  perpetually  riling 
from  the  fea,  rivers,  and  lakes.  The  winds  carry  this 
vapour  through  the  atmofphere,  in  the  form  of  a cloud 
or  mift.  When  it  meets  with  a colder  air,  or  is  ftopt 
by  mountains,  it  condehfes,  and  falls  to  the  earth.  As 
it  falls,  it  finds  feveral  chinks  and  crannies,  through 
which  it  infinuates  into  the  mountains,  and  lodges  there, 
till  increafing  its  ftore,  it  burfts  out  and  takes  the 
name  of  a fountain.  . 
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ake  is  a mountain,  on  the  fummit  of  which  there  is 
another  lake,  which  is  always  full,  fummer  and  win- 
ter. Due  weft  from  the  river,  there  is  another  lake, 
two  miles  long  and  fix  broad.  The  middle  of  this  is 
fometimes  dry,  and  then  plainly  appears  to  have  been 
once -an  inhabited  country.  There  are  many  tumu- 
li to  be  feen  underwater,  one  of  which  is  acceflible  at 
low  water.  And  in  this  urns  have  been  found,  which 
leave  no  room  to  doubt  of  their  having  been  burial 
places.  ^ 

There  are  likewife  in  Scotland  other  lakes,  which 
freeze  only  at  peculiar  feafons.  A little  lake  in 
Stratherick,  neVer  freezes  over,  be  the  froft  ever  fo 
lharp,  till  February.  But  after  the  firft  part  of  this 
month,  a flight  froft  will  freeze  it  over  in  a night’s 
time.  There  are  alfo  two  other  remarkable  lakes  in 
the  fame  country.  The  one  Loch  Monan,  which  is 
confiderably  large,  obferves  the  fame  rule,  freezing 
over  in  February  with  a flight  froft,  but  never  before, 
be  the  feafon  ever  fo  rigorous.  The  other  in  Straglaih 
has  a contrary  quality.  It  lies  between  twrohigh  hills,  . 
and  is  itfelf  confiderably  above  the  level  of  the  reft  of 
the  country.  This  freezes  continually,  having  ice  in 
^the  middle,  even  in  the  hotteft  fummer  months,  while 
the  fun,  by  refledlion  from  the  hills  on  each  fide,  gives 
a very  confiderable  heat.  There  are  many  other  lakes 
in  the  neighbouring,  country  which  yet  have  no  fuch 
property:  fo  that  this,  and  the  property  of  the  two 
other  lakes,  mull  be  owing  to  forrie  peculiar  caule. 
The  herbage  about  the  fides  of  the  laft  lake  mentioned, 
has  a kind  of  perpetual  fpring,  which  continues' 
throughout  the  whole  year,  and  is  much  efteemed  by 
the  country  people,  for  feeding  cattle  in  one  month, 
more  than  the  beft  land  in  the  country  will  do  in  two. 
The  lakejs  very  deep,  and  the  water  does  not  mani- 
fell  any  particular  quality. 

9.  Rain  and  fnow  which  rife  in  vapours,  both  from 
' the  earth  and  waters,  defcending  on  hills,  fink  through 
the  earth,  till  they  meet,  with  a bed  of  clay  or  ft  one. 
This  retains  the  water  and  gathers  it  together,  in  a 
larger  or  fmaller  bafon,  till  running  over  the  edge,  it 
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makes  itfelf  a way,  and  rifes  in  a fountain,  Hence'iflues  a 
rivulet,  many  of  which  joining' together,  conftitute  a 
river,  which  continues  its  courfe,  till  it  empties  itfelf 
into  the  grand  receptacle  of  water,  the  fea.  ^ 

I ' But  it  has  been  alked,  “ Is  there  a fufficient  quanti- 

ty of  vapours  raifed,  in  the  ordinary  courfe  of  nature, 
to  fupply  the  demand  of  fountains  and  rivers  ?”  We 
anfwer,  there  is  abundantly  fufficient,  from  the  fur- 
face  of  the  fea  alone,  leaving  the  earth  out  of  the  ac-. 
count.  For  it  has  been  (hewn  by  clear  experiments,  I. 
That  water  falted  to  about  the  fame  degree  as  fea- wa- 
ter and  expofed  to  heat  equal  to  that  of  a fummer’s 
day,  did  from  a circular  furCice,  eight  inches  in  dia- 
meter, evaporate  fix  ounces  in  24  hours.  If  fo,  the 
thicknefs  of  a {kin  of  water,  evaporated  in  two  hours, 
is  the  53d  part  of  an  inch.  But  were  it  only  a 60th,  it 
would  exhale  the  tenth  of  an  inch  in  two  hours.  And 
on  this  principle  every  ten  fquare  inches  of  the  furface 
of  water,  yield  in  vapour  a fquare  inch  of  water  daily  : 
each  fquare  foot  half  a pint  : every  fpace  of  four  feet  - 
fquare,  a gallon  : a mile  fquare  6914  tons : a quanti- 
ty abundantly  fufficient  to  furnifh,  both  dews,  rains, 
fprings,  and  rivers.  So  that  we  need  not  have  re- 
course for  fupplies  to  the  great  abyfs,  whofe  furface, 
at  high  Water,  is  furmounted  feveral  hundred  feet, 
even  by  ordinary  hills  ; and  fome  thoufands,  by  thofe 
vaft  mountains,  from  whence  the  largeft  rivers  take* 
1 their  courfe. 

Neverthelefs  we  may  allow  a different  rife  to  thofe 
ijf:  , i . fprings*  which  ebb  and  flow  with  the  fea  ; as  likewife 

1 • *|  to  thofe  lakes  whofe  water  is  fait,  and  which  have  fea- 

* q ~ fifh  in  them,  although  they  have  no  communication 

with  any  fea,  by  any  vifible  paffage. 

To  explain  this  a little  more  at  large.  It  is  evident 
from  experience,  that  a vapour  is  perpetually  riling 
from  the  fea,  rivers,  and  lakes.  The  winds  carry  this- 
„ vapour  through  the  atmofphere,  in  the  form  of  a cloud 

~ or  miff.  When  it  meets  with  a colder  air,  or  is  ftopt 

by  mountains,  it  condenfes,  and  falls  to  the  earth.  As 
it  falls,  it  finds  feveral  chinks  and  crannies,  through 
which  it  infinuates  into  the  mountains,  and  lodges  there, 
till  increafing  its  ftore,  it  burfts  out  and  takes  the 
name  of  a fountain. 
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That  this  is  really  the  cafe,  will  eafily  be  allowed* 
by  all  who  ferioufly  confider.  I.  That  the  vapours 
rifing  from  the  fea,  are  more  than  fufficient  to  fupply 
both  the  furface  of  the  earth,  and  die  rivers  with  water. 
2.  That  the  mountains  by  their  particular  dru&ure  ar- 
reft  the  vapours  that  float  in  the  atmofphere,  and  hav- 
ing collefted  them  in  their  refervoirs,  difmifs  them 
again  through  their  fides,  either  in  perpetual  or  inter- 
mitting currents. 

With  regard  to  the  firft,  it  has  been  (hewn,  that  eve- 
ry ten  fquare  inches  of  the  furface  of  the  fea,  yields  a 
fquare  inch  of  water  daily  ; every  fquare  mile  691 4 
-tons  : and  purfuing  the  fame  proportion,  every  fquare 
degree  ( or  fixty  nine  Engliih  miles,)  will  yield  33  mil- 
lions of  tons.  Now  if  we  fuppofe  the  Mediterranean 
to  be  40  degrees  long,  4 broad  at  a medium,  (which 
is  the  lead  we  can  fuppofe)  its  furface  will  be  160 
fquare  degrees : from  whence  there  will  in  fummer 
evaporate  daily  5280  millions  of  tons. 

The  Mediterranean  receives  water,  (to  fay  nothing 
of  fmall  and  inconfiderable  dreams)  from  eight  large 
rivers,  the  Iberus,  the  Rhine,  the  Po,  the  Danube, 
the  Neider,  the  Borydhenes,  the  Tanais  and  the  Nile. 
Now  fuppofe  each  of  thefe  conveys  ten  times  as  much 
water  to  the  fea  as  the  Thames.  The  Thames  has 
been  fhewn  to  pour  daily  into  the  fea  203  millions  of 
tons.  Therefore  all  thofe  rivers  will  produce  1827 
millions  of  tons.  But  this  is  little  more  than  one  third 
of  the  quantity  daily  evaporated  from  the  fea.  How 
prodigious  a quantity  then  remains  for  rains  and  all 
other  purpofes  ? 

Let  us  obferve,  fecondly,  how  the  mountains  arreft, 
and  collect  thefe  vapours,  and  then  difcharge  them  in 
(prings.  v 

The  tops  of  mountains  in  general  abound  with  in- 
equalities, cavities,  grottos  and  gaping  cells  The 
floating  vapours,  are  Aopt  by  thefe  and  by  their  point- 
ed fummits,  and  being  condenfed  thereby,  precipitate 
in  water,  eafily  penetrate  through . fand  and  lighter 
earth,  and  gather  in  bafons  of  clay  or  done,  till  they  < 
overflow  and  work  a paffage  through  the  fide  of  the 
mountain* 
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And  yet  we  need  not  deny,  that  fome  fprings  may 
arife  from  the  fea,  or  the  great  abyfs  : thofe  in  parti- 
cular, which  at  all  times  afford  the  fame  quantity  of 
water.  Some  of  thefe  are  found  in  almoft  every  coun- 
try. There  is  one  near  Upminfter  in  Elfex  ; which  in. 

* the  greateft  droughts,,  and  when  all  the  brooks  are 
dried,  up,  is  little,  if  at  all  diminiftied.  And  in  the 
wetteft  feafons,  it  is  not  increafed,  unlefs  violent  rain . 
falling  into  it,  or  running  into  it  from  the  higher 
grounds,  raife  it -for  a day,  ora  few  hours. 

As  to  the  manner  how  the  water  rifes  in  fuch  fprings 
it  may  eafily  be  reprefented,  by  putting  a final!  heap 
of  fand  in  a bafon,  and  then  pouring  in  water.  Here 
the  fand  will  reprefent  the  dry  land,  and  the  water  the 
fea  round  about  it.  And  as  the  water  in  the.  bafon 
rifes,  to  or  near  the  top  of  the  heap,  juft  fo  do  the 
waters  of  the  fea  rife,  to  the  top  of  the  land  with  which 
it  communicates. 

vfil  U / 
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10.  Some  think  the  earth  entirely  covered  the  fea, 
till  at  the  deluge  the  fountains  of  the  great  deep  were 
broken  up.  And  it  is  highly  probable,  there  is  ftill  an 
abyfs  of  waters  within  the  earth,  which  has  an  unin- 
terrupted communication  with  fome  part  of  the  out- 
ward fea. 

The  immediate  caufe  of  the  deluge,  was  probably 
that  comet,  which  (as  Mr.  Whifton  fhews)  pafled  to- 
ward the  fun,  juft  before  the  earth,  on  the  firft  day  of 
the  deluge.  The  confequence  of  this  mull  be,  that 
when  it  came  below  the  moon,  it  would  raife  a vaft 
and  ftrojig  tide,  both  in  the  waters  that  were  on  the 
antediluvian  earth,  and  alfo  in  the  great  abyfs,  which 
was  under  the  cruft  of  the  earth.  This  tide  mull  in- 
creafe  all  the  time  that  the  comet  was  approaching  to- 
ward the  earth  ; and  would  be  at  its  greateft  height, 
when  the  comet  was  at  the  leaft  diftance  from  it.  By 
the  force  of  this  internal  tide,  as  Well  as  by  the  attrac- 
tion of  the  comet,  the  abyfs  which  was  nearly  round 
before,  would  then  become  oblong.  And  this  mull 
immediately  extend,  and  then  burft  the  incumbent 
cruft.  And  thus,  according  to  the  expreflion  of  Mo- 
fes,  the  fountains  of  the  great  deep  were  broken  up. 

Again.  As  the  fame  comet  for  a confiderable  time 
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involved  the  earth  in  its  atmofphere,  it  mull  have  loll 
a .vaft  quantity  of  its  vapours,  mod  of  which  would 
fall  on  the  earth  in  violent  rain.  And  thus  the  win- 
dows of  heaven  were  opened.  To  remove  this  vaft 
orb  of  water,  he  fuppofes  a mighty  wind  to  have  ri- 
fen,  which  dried  up  fome,  and  forced  the  reft  into  the 
abyfs  again,  through  the  clefts  by  which  it  came  up.* 
Only  part  of  it  flayed  in  the  channel  of  the  ocean,  now 
firft  made  to  receive  it,  and  in  the  lefler  cavities,  placed 
up  and  down  on  the  furface  of  the  globe. 

The  prefent  diftribution  of  the  waters  and  the  dry 
land,  though  it  may  feem  rude  and  undefigned  to  a • 
carelefs  view”,  yet  is  admirably  well  adjufted  to  the  uie  , 
and  conveniences  of  our  world.  In  the  firft  place,  they 
are  fo  diftributed  all  the  world  over,  that  there  is  a juft 
equipoife  of  the  whole  globe.  The  northern  balances 
the  fouthern  ocean  ; the  Atlantic,  the  Pacific  fea.  The 
American  dry  land  is  a counterpoiYe  to  the  European, 
Afiatic,  and  African.  In  the  next  place,  the  waters 
are  fo  admirably  well  placed  about  the  globe,  as  to  af- 
ford fufficient  vapours  for  clouds  and  rain,  to  temper 
the  cold  of  the  northern  and  fouthern  air,  to  mitigate 
the  heats  of  the  torrid  zone,  and  to  fupply  frelh  waters 
to  fountains  and  rivers.  Nay,  fo  abundant  is  this 
great  blefling,  that  we  have  more  than  a bare  fuffici- 
ency,  even  a furplufage  of  this  .ufeful  creature  : and 
yet  fo  well  ordered,  as  not  to  drown  the  earth,  not 
to  ftagnate,  putrify  or  annoy  its  inhabitants  ; but  to 
glide  gently  through  convenient  channels  back  again 
to  its  grand  fountain,  the  fea  ; and  many  of  the  rivers 
through  fuch  large  tra&s  of  land,  and  to  fuch  prodigi- 
ous diftances,  that  it  is  a wonder  the  fountain  ftiould  be 
high  enough,  or  the  fea  low  enough  for  fo  long  a con- 
veyance.  Witnel's  the  Danube  and  Wolga  in  Europe*, 
the  Nile  and  Niger  in  Africa,  the  Ganges  and  Eu- 
phrates in  Afia,  with  the  Amazon’s  river  and  Rio  de 
la  Plata  in  America.  No  accidental  currents  or  alte- 
rations of  the  waters  themfelves,  no  art  or  power  of 
man,  nothing  lefs  than  the  power  of  the  Almighty 
could  ever  have  made  or  found,  fo  long  and  commo- 
dious declivities  and  channels*,  for  the  paflage  of  thole 
waters. 

!!•  The 
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11.  The  largeft  rivers  of.  Afia,  are*  the  Hoanho* 
m China,  which  is  eight  hundred  and  fifty  leagues  in 
length  : the  Jenifca  of  Tartary,  about  eight  hundred 
leagues  in  length,  from  the  lake  Selinga  to  the  Icy 
Sea  : the  Oby  in  Sibera,  of  near  eight  hundred  leagues, 
running  from  the  lake  of  Kila  into  the  northern  fea, 
the  Amour  in  Eaftern  Tartary,  whofe  courfe  is  about 
five  hundred  and  feventy-five  leagues,  from  its  fource 
to  its  entrance  into  the  fea  of  Kamtkatfka  : the  Kiam 
in  China,  five  hundred  and  fifty  leagues  in  length. 

The  Ganges,  one  of  the  mod  noted  rivers  in  the  world, 
is  about  as  long  as  the  former ; it  is  vifited  annually 
by  feveral  hundred  thoufand  pilgrims,  who  pay  their  ' 
devotions  to  the  river  as  to  a god  y for  favage  fimpli- 
city  is  always  known  to  miftake  the  bleffings  of  the  Dei- 
ty for  the  Deity  himfelf.  Next  to  this  may  be  reckoned 
the  celebrated  river  Euphrates  : this  rifes  from  two 
fources  northward  of  the  city  of  Erzerum  in  Turcoma- 
ns, and  unites  about  three  days  journey  below  the 
fame  y from  whence,  after  performing  a courfe  of 
five  hundred  leagues,  it  falls  into  the  gulf  of  Perfia, 
The  river  Indus  is  extended,  from  its  fource  to  its  dif* 
charge  into  the  Arabian  fea,  Four  hundred  leagues. 

The  largeft  rivers  of  Africa,  are  the  Senegal,  which 
runs  a courfe  of  eleven  hundred  leagues  : and  the  ce- 
lebrated river  Nile,  faid  to  be  nine  hundred  and  feven- 
ty  leagues  from  its  fource  in  Upper  Ethiopia,  to  its, 
opening  into  the  Mediterranean  fea. 

This  river,  which  the  natives  call  Abava,  that  is, 
the  father  of  rivers,  rifes  fir  ft  in  Sacala,  a province  of 
the  kingdom  of  Goiama,  the  moft  fruitful  in  all  Abyf- 
finia.  . In  the  eaftern  part  of  this  province,  on  the  de- 
clivity of  a mountain,  are  two  fprings,  each  about  Jtwo 
feet  diameter,  a (tone’s  caft  diftant  from  each  other, 
which  are  the  real  fource  of  this  celebrated  river.  Its 
waters,  after  the  firft  rife,  run  eaft  about  a mufket- 
Ihot  ; then  turning  to  the  north,  continue  hid  in  the 
grafs  and  weeds,  for  about  a quarter  of  a league,  and 
difcover  themfelves  for  the  firft  time  among  fome  rocks, 
a pleafing  fight  to  thofe  who  have  read  the  fabulous  N 
accounts  of  the  ancients.  It  flows  thence  with  a.very 
fmall  ftream,  but  foon  receives  fuch  an  increafe  from 
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various  rivulets,  that  not  above  three  days  journey 
from  its  lource,  it  is  near  a mile  broad.  After  run- 
ning nine  or  ten  leagues  farther,  it  enters  the  lake  of 
Dambia.  It  erodes  this  at  one  end,  with  fuch  rapidity, 
that  the  waters  of  the  Nile  may  be  diftinguifhed  through 
the  whole  paffage,  which  is  fix  leagues.  Fifteen  miles 
farther  it  rufhe9  from  the  top  of  a high  rock,  and  forms 
one  of  the  moft  beautiful  cafcades  in  the  world.  The 
fall  of  this  mighty  ftream  from  fo  vafta  height,  makes 
a confiderable  noile.  Yet  the  neighbouring  inhabi- 
tants are  nt>t  deaf,  but  hear  juft  as  well’  as  others. 
After  this  cataraft,  the  Nile  again  collects  its  feattered 
ftream,  and  flows  on  through  various  nations.  Hence 
we  may  learn,  that  it  is  impoffible  to  arrive  at  the 
fource  of  the  Nile,  by  tracing  its  channel  from  the 
mouth,  there  being  fo  many  cataradte  in  the  way* 
which  no  veflel  can  pafs. 

In  Abyfltnia,  from  June  to  September,  there  is  no 
day  without  rain.  Now  the  Nile  receives  in  its  courfe 
all  the  brooks, . rivers,  and  torrents,  which  flow  from 
the  Abyffinian  mountains.  Thefe  neceflarily  fwell  it; 
&bovs  the  banks,  and  fill  the  plain  of  Egypt  with  the 
inundation.  This  comes  regularly  in  the  month  of  Ju- 
ly, that  is,  three  weeks  after  the  beginning  of  the 
rains  in  Ethiopia. 

The  water  of  the  Nile  is  fo  delicious,  that  the  Turks 
excite  themfelves  to  drink  of  it  by  eating  fait.  When 
fhe  Egyptians  leave  their  country,  they  fpeak  of  no- 
thing but  the  pleafure  they  fball  find  at  their  return* 
in  drinking  the  Nile  water.  All  thofe  who  have  tafted 
of  it,  allow,  that  they  never  met  with  the  like  in  any 
other  place.  In  truth,  when  one  drinks  of  it  the  firft 
time,  it  feems  (fays  Maferier)  to  be  fome  water  pre- 
pared by  art.  It  has  fbmething  in  it  inexpreflibly 
agreeable  and  pleafing  to  the  tafte.  But  to  fome,  it 
appears  to  have  too  much  fweetnefs.  It  is  likewife  fa- 
lutary  in  the  higheft  degree.  Drink  it  in  what  quan- 
tities you  will,  and  it  never  incommodes  you. 

It  feems  peculiar  to  the  water  of  the  Thames,  that  in 
eight  months  time  it  acquires  a fpirituous  quality,  fo 
as  to  burn  like  fpirits  of  wine.  Even  when  it  ftinks,  it 
is  not  unwholefome  : men  who  were  obliged  to  hold 
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their  nofes,  yet  drank  of  it  all  the  way  to  the  Eaft-ln- 
dies,  and  found  no  inconvenience.  If  you  take-out 
the  bung  from  any  calk  that  ftinks,  and  let  the  air 
come  in*  it  will  be  fweet  in  twenty-four  hours.  If 
you  take  a broom-ftick,  and  ftir  it  well,  it  will  be  fweet 
in  four  or  five  hours.  It  calls  a black  lee  to  the  bot- 
tom, which  remixing  with  it,  caufes  a third  or  fourth 
fermentation,  after  which  it  ftinks  no  more.  But 
though  Thames  water  does  not  putrify  when  it  ftinks, 
moft  other  water  does,  and  is  at  that  time  very  danger- 
ous to  drink. 


The  catarads  of  the  Nile  are  probably  lefs  remark- 
able than  that  of  Niagara,  in  Canada.  The  fall  of 
this  is  about  fix  leagues  from  Fort  Niagara.  The 
whole  courfe  of  the  river  for  two  leagues  and  a half 
below  the  great  fall,  is  a feries  of  fmaller  falls,  one  un* 
der  another.  The  stocks  of  the  great  fall  crofs  the  ri* 
ver  in  almoft  a femicircle.  Above  the  fall  in  the  mid- 
dle of  the  river,  and  parallel  with  the  fides  of  it,  is  an 
ifland  above  four  hundred  yards  long.  The  lower 
cud  of  this  ifland  is  juft  a?  the  perpendicular  edge  of 
the  fall.  On  both  fides  of  this  illand  runs  all  the  wa- 
ter  that  comes  from  the  lakes  of  Canada,  which  indeed 
are  rather  feas  than  lakes,  receiving  many  large  ri* 
vers.  When  the  water  approaches  the  ifland,  it  runs 
with  an  amazing  fwiftnefs,  and:  before  it  comes  to  the 
fall,  is  quite  white,  and  in  many  places  is  thrown  high 
into  the  air.  Looking  up  the  river  from  the  fall,  you 
fee  it  is  exceeding  deep,  refembling  the  fide  of  a hill. 
When  this  vaft  body  of  water  comes  to  the  fall,  it 
throws  itfelf  down  perpendicular.  To* fee  this  rufb 
headlong  down  fo  prodigious  a precipice,  ftrikes  the 
beholder  in  a manner  not  to  be  exprefled. 

It  falls  one  hundred  and  thirty-feven  feet.  Wheh 
the  water  is  come  down  to  the  bottom,  it  leaps  back 
to  a great  height  in  the  air  : at  a little  diftance  it  is 
white  as  fnow,  and  boils  like  a cauldron.  The  noife 
of  it  in  fair  weather  is  heard  fifteen  leagues,  yea,  ma- 
ny times  at  Niagara.  From  the  place  where  the  war- 
ier falls,  abundance  of  vapour  rifes,  refembling  a very 
thick  fmoke.  When  it  is  calm  this  rifes  high  in  the 
air.  . If  you  go  into  this  vapour,  in.  a few  minutes  you 
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•will  be  as  wet  as  if  you  had  been  under  water.  In  £ 
calm  morning,  you  may  fee  it  rifing  in  the  air,  at  the 
diftance  of  many  leagues.  And  a perfon  unufed  to  it* 
would  be  apt  to  think*  that  all  the  forefts  threabouts 
were  on  fire. 

But  of  all  parts  of  the  <wurld,  Aiperica  fupplies  the 
largeft  rivers.  The  foremoft  of  thefe  is  the  great  ri- 
ver of  Amazons,  which  from  its  fource  in  the  lake  of 
Lauricocha,  to  its  difcharge  into  the  weftern  ocean, 
performs  a coiirfe  of  more  than  twelve  hundred  leagues* 
The  breadth  and  depth  of  this  river  are  anfwerable  to 
its  vaft  length  ; and  where  it's  width  is'  more  contra#* 
ed,  its  depth  is  augmented  in  proportion.  Next  to 
this  is  that  of  St.  Lawrence,  in  Canada,  which  after  a 
courfe  of  nine  hundred  leagues,  pours  its  collected  wa- 
ters into  the  Atlantic  ocean.-  The  river  Miflifippi  is 
more  than  feven  hundred  leagues  in  length.  The  ri- 
ver Plata  is  more  than  eight  hundred.  The  river 
Oroonoko  is  feven  hundred  and  fifty- five  leagues  in 
length,  from  its  fource  to  its  difcharge  into  the  Atlan^ 
lie  Oceam 
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The  glory  of  other  rivers  increafes  in  proportion  to 
the  length  of  their  courfe.  With  the  Rhine  it  is  quite 
the  reverie.  For  fome  hundred  miles  it  pours  on  with 
a vaft  force.  But  at  Fort  Scheneken  it  divides,  arid 
one  half  of  its  waters  takes  the  nam^s  of  Wahall;  The 
, Ylfel  robs  it  of  another  party  a little  above  Arnheim. 
About  twenty  miles  lower,  at  the  town  of  Duerftadt,- 
it  feparates  again.  Here  its  principal  branch  takes  a 
new  name,  and  is  called  the  Leek.  The  poor,  little,- 
ftripped  rivulet  turns  to  the  right,  retaining  ftill  the 
old  name  of  Rhine,  and  pafles  on  to  Utreteht,  where 
it  is  divided  a fourth  time.  There  the  Vetcht  breaks 
off,*  and  the  little /thread  of  water,  ftill  called  the 
Rhine,  palTes  quietly  to  Worden.  At  length  it  comes 
to  Leyden,  and  faintly  finifhes^  its  courfe,  by  lofing 
the  fmall  remainder  of  its  waters  in  two  or  three  ca- 
nals. - 

The  eaufe  of  the  Rhine’s  fate  is  well  known.  It  was 
an  earthquake  which  Ihook  the  Downs,  in  the  ninth 
century,  and  filling  the  mouth  of  this  river,  forced  it 
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<o  return,  and  feek  a new  paflage.  The  Leek  was 
then  fcarce  wo'rth  notice : but  the  waters  of  the  Rhine, 
which  were  driven  back,  fwelled  and  deepened  its 
channel : and  the  entrance  of  the  fea  .has  been  ever 
fince  (hut  againft  the  ancient  courfe  of  the  Rhine.  It 
is  fuppofed,  that  Zealand  was  then  divided  into  the 
feveral  iflands  we  fee  now : and  that  thofe  lands, 
woods,  and  meadows,  which  were  between  Amfter- 
dam  and  the  Texel,  were  overflowed  and  covered 
with  the-  waters  ftill  remaining,  and  known  by  the 
name  of  the  Zuyder  fea,  . 

The  lake  Baiacal,  in  Siberia,  is  the  greatefl  frefh 
'Water  lake  yet  difeovered.  It  extends  in  length  above 
five  hundred  leagues,  and  is  from  twenty*five  to  eighty 
leagues  in  breadth.  It  is  every  where  deep  and  navi- 
gable.  The  water  is  extremely  clear,  and  abounds 
with  fine  fifh.  It  receives  abundance  of  rivers,  but 
none  runs  out  of  it,  befides  one,  the  Angara. 

Salt  lakes  are  common  in  many  parts  of  Siberia. 
Some  contain  a pure,  white  fait,  fit  for  ufe,  which  in 
fummer.iscryftalfzed  by  the  heat  of  the  fun,  and  forms 
a cruft  on  the  top  of  the  lake.  Springs  .of  falt-water 
fornetimes  rife  in  the.midft  of  frefh  water.  One  of 
thefe  rifes  through  a rock,  in  the  bed  of  the  river  An-, 
gara.  Thirty  leagues  above  this,  there  is  a hill  thirty 
fathom  high  and  two  hundred  and  ten  long,  cenfifting, 
entirely  of  rock  fait.  There  are  fome  lakes,  which 
were  frefh  fome  years  fince,  but  are  now  fait : fome 
have  by  degrees  .dried  up  .;  others  appear,  where  for- 
merly it  was  dry  ground.  And  fome  of  thefe,  which 
«t  firft  had  no  fifh,  are  now  plentifully  flocked  there- 
with. The  natives  fay,  ducks  and  other  birds  that 
; lives  upon  fifh,  carry  their  eggs  from  one  lake  to  ano- 
ther. 

Three  leagues  eaft  of  Bamafcus  is  a lake  ten  or 
twelve  leagues  long,  and  five  or  fix  broad.  This 
continually  receives  the  waters  of  many  rivers  ; yet 
never  overflows  its  banks.  Above  thirty  leagues  from 
it,  there  is  a river,  which  is  called  the  Dog-river, 
from  under  a large,  vaulted  rock,  through  an  open- 
ing 
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ing  twelve  or  fifteen  feet  high,  and  twenty  or  twenty* 
five  broad,  iflues  cpntinuauy  a vaft  body  of  water, 
which  gives  rife  to  this  river.  And  it  is  the  common 
opinion,  that  this  body  of  water,  comes  from  the  lake, 
through  a fubterraneous  channel  : which  is  the  more 
probable,  becaufe  the  water  of  the  lake  and  the  river 
have  the  fame  qualities,  and  contain  the  very  fame  forts 
of  fife,  being  cold,  hard,  and  remarkably  unwhole* 
feme. 

Far  different  from  this,  is  the  water  which  rifes  out 
of  the  ground,  throughout  the  vaft  fandy  deferts  of 
die  Mongal  Tartars.  Wherever  you  dig,  there  rifes 
frefh  water.  Were  it  not  for  this,  they  muft  have  been 
altogether  uninhabited,  either  by  man  or  beaft.  It 
feems  thefe  fprings  are  produced  by  the  rains  and 
,j  melted  fnow  in  the  fpring.  For  the  water  finking  in 

the  fand  is  thereby  prevented  from  exhaling  by  the 
heat  of  the  fummer  fun,  which  muft  be  very  fcorching 
in  thefe  deferts,  wherein  there  is  not  the  leaft  {hade  to 
be  found. 

I < ,,, ,,  , 

Befides  the  rivers  which  run  upon  the  furface  of  the 
earth,  there  are  many  which  hide  themfelves  in  its  - 
bowels,  and  run  in  fubterraneous  duds,  till  they  dif- 
i charge  themfelves  into  the  fea.  A remarkable  one  of 

this  kind  has  been  difcovered  on  the  coaft  of  Langue- 
doc. There  are  alfo  feveral  of  this  fort  on  the  coaft 
of  Croatia,  over-againft  Venice.  • 

. 

Thus  does  the  All-wife  Creator  Ihower  down  his 
treafures  on  the  fummits  of  the  mountains,  which  af- 
terwards diffufe  their  refrefhing  ftreams  over  the  plains 
below,  give  life  and  verdure  to  the  trees  and  herbs,  and 
beautify  and  enrich  the  whole  earth.  At  the  fame 
tiipe  we  fee  the  communication  between  thofe  parts  of 
nature,  that  before  feemed  to  have  no  relation  to  each 
other.  Indeed  all  nature  - is  linked  together  by  one 
law  of  harmony,  which  fufficiently  proves  it  to  be  the  . 
work  of  one  wife  and  gracious  Author.  7 • 

-How  delightful  an  objed  is  a large  and  majeftic  ri- 
ver ! How  graceful  an  appearance  does  it  make  in 
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the  works  of  nature  ! Confider  its  progrefs.  At  firlt  it 
is  but  a vein  .of  water,  ftreaming  from  fame  hill,  and 
even  the  fcattered  pebbles  interrupt  its  courfe,  till  it 
unites  with  other  kindred  ftreams,  and  then  rufhes  on 
the  plain  below.  By  its  fall  it  hollows  the  ground, 
calling  it  up  on  each  fide  : then  it  purfues  its  courfe, 
eating  a paffage  through  every  thing  that  oppofes  it. 
When  it  has  received  the  fupplies  of  many  rivulets,  it 
is  dignified  with  a name.  Thus  enlarged,  it  makes 
the  tour  of  hills  and  mountains,  and  at  once  adorns  and 
enriches  the  plains. 

• x ' * ' f 

At  the  deluge  likewife  the  main  iflands  of  the  globe 
were  formed.  But  it  is  certain  others  have  been  form- 
ed in  later  ages  ; partly  by  the  cafting  up  of  vaft  heaps 
of  clay,  mud  and  fand,  (as  that  of  Ifongming  in  the 
Chinefe  province  of  Nanquin)  partly  by  die  violence  of 
the  fea,  tearing  off  large  provinces  from  the  continent# 
So  the  ancients  imagined  Sicily  to  have  been  formed* 
and  even  Great  Britain  and  Ireland.  It  is  certain 
alfo,  that  others  have  emerged  out  of  the  fea,  as  San-' 
torini  formerly  : and  three  other  iflands  near  it  lately# 
The  laft  of  thefe  rofe  in  1707,  from  the  bottom  of  the 
fea,  juft  after  a violent  earthquake.  Indeed  earth- 
quakes, ftorms  and  inundations,  have  given  rife  to 
many  iflands  s particularly  in  the  Eaft-Indies,  where 
they  are  very  frequent  and  which  abounds  in  iflands 
above  any  part  of  the  world. 

- 12.  The  entire  bafon  of  the  fea,  is  of  fuch  immenfe 
extent,  and  covered  in  many  places  with  fuch  an  un- 
fathomable depdi  of  water,  that  it  cannot  be  traced  in 
every  part : but  from  fome,  we  may  form  a probable 
judgment  of  the  reft.  The  materials  which  compofe 
the  bottom  of  the  fea,  muft  in  a degree  influence  thd 
tafte  of  its  waters,  lts  faltnefs  it  undoubtedly  derives 
from  mountains  of  fait  which  are  fomid  there : as  bit- 
ternefs  from  foflil,  coal  and  other  bituminous  fob* 
ftances,  which  are  there  in  plenty.  There  may  likewife 
be  .many  other  fobftances,  which  the  plummet  does 
not  difcover.  For  the  true  bottom  of  the  fea  is  often 
concealed  by  another  accidental  bottom,  formed  of 
various  fobftances,  mingled  together,  and  covering  it 
to  a confiderable  depth. 
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• The  entire  gulf  of  Lyons  forms  a bank  above  the 
furface  of  the  water  at  the  fhore,  of  the  exadt  figure  of 
an  arch.  | And  within  this  there  is  formed  another 
fuch  arch,  making  the  bottom  of  the  fea  for  a great 
way  from  fhore,  of  different  depths  in  various 
places,  but  generally  between  fixty  and  feventy  fa- 
thoms. In  general  the  bed  of  the  main  fea  finks, 
about  as  high  as  the  mountains  rife  on  the  land.  Near 
the  land  in  proportion  to  the  height  and  fteepnefs  of  the  * 
Ihores,  the  fea  is  deep  below.  And  on  the  contrary 
level  fhores  denote  fhallow  feas. 

By  the  ftrata  on  the  fhores  we  may  commonly  judge 
of  the  bottom  of  the  adjacent  feas.  For  the  veins  of 
fait  and  bitumen  doubtlefs  run  on  in  the  fame  order 
as  we  fee  them*  at  land.  And  the  ftrata  of  ftone  that 
ferve  to  fupport  the  hills'and  elevated  places  on  fhore, 
ferve  alfo  in  the  fame  continued  chain,  to  fupport  the 
waters  of  the  fea.  Probably  the  veins  of  metals  and 
minerals  likewife,  which  are  found  in  the  neighbour- 
ing earth,  are  in  the  fame  manner  to  be  found  in  the 
bottom  of  the  fea. 

But  the  natural  furface  of  the  bottom  of  the  fea,  is  • 
greatly  changed  by  fubterranean  currents.  As  we  fee 
thefe  break  out  in  rivers,  on  the  furface  of  the  earth,  fo 
we  may  be  allured  they  break  out  at  the  bottom  of  the 
fea,  and  empty  their  frefh  waters  into  the  fait  mafs. 

In  this  cafe  the  continual  rufhing  up  of  the  water, 
makes  a roundifh  cavity.  And  its  running  on,  conti- 
nues that  cavity,  till  by  degrees  it  is  loft.  Thus  eve- 
ry river  that  arifes  in  the  bottom  of  the  fea,  when  the 
water  near  the  fhore  is  clear,  fhews  the  traces  of  thefe 
* currents,  even  to  the  naked  eye,  and  the  water  taken 
up  from  them  is  more  or  lefs  frefh. 

Again.  The  coral  fifheries  give  us  occafion  to  ob- 
ferve,  that  there  are  many  large  caverns  in  the  bottom 
©f  the  fea,  efpecially  where  it  is  rocky,  as  alfo  in  the 
fides  of  perpendicular  rocks.  Thefe  are  often  of 
great  depth  as  well  as  extent,  fome  with  wide,  others 
with  narrow  entrances.  Nor  is  it  any  wonder,  that  as 
we  daily  find  yaft  caverns  on  the  land  in  rocky  moun- 
tains, fo  we  Ihould  find  them  in  rocks  under  the  fea. 
Nay,  we  may  expetf  them  in  thefe  the  rather,  as  the 
rocks  at  land  are  in  a ftate  of  reft,  while  thofe  at  fea 
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are  continually  waflied  by  the  water,  which  infmuates 
every  where,  and  by  its  continual  agitation,  enlarges 
every  cavity  it  finds. 

Upon  the  whole  it  feems  plain,  that  the  bafon  of  the 
fea  was  after  the  flood  compofed  of  the  fame  fubftances 
as  the  furface  of  the  reft  of  the  earth,  namely,  ftone,  clay, 
fand,  and  the  like.  It  is  true,  the  plummet  in  found- 
ing ufually  brings  up  a matter  compofed  of  mud,  dead 
weeds,  broken  fliells,  and  various  bodies  cemented  to- 
- gether  by  a fparry  or  tartareous  fubftance.  But  thefe 
are  only  an  artificial  bottom,  covering  the  natural  one, 
fuch  indeed  as  one  might  expe&,  where  numerous  ani- 
mals and  vegetables  are  produced  and  decay,  and 
where  the  quiet  waters  have  time  to  depofit  their  ftony 
matter,  as  our  petrifying  fprings  do.  _ , 

There  are  places,  however,  where  this  adventitious 
cruft  is  not  found,  but  the  natural  bottom  appears  of 
the  fame  nature  with  the  ftrata  in  the  body  of  the 
earth.  But  the  fine  and  pure  fand  we  fometimes  find, 
feems  not  to  be  the  original  bottom,  but  to  have  been 
rather  brought  into  the  fea  by  the  courfe  of  fome  fub- 
terraneous  river,  and  to  be  lodged  in  one  of  thofe  par- 
ticular bafons,  which  thefe  rivers  form  to  themfelves. 


In  deep  water,  where  the  furface  only  is  difturbed 
by  ftorms,  and  the  lower  part  remains  quiet  for 
ages,  the  bottom^  is  covered  with  a great  variety  of 
things : fometimes  with  pure  fand,  fometimes  a fort 
of  fand,  made  of  fliells  beat  to  powder,  fometimes  with 
powdered  corals,  fometimes  fragments  of  rocks.  But 
befide  thefe,  which  might  well  be  expe&ed,  the  plum- 
met fometimes  brings  up  fubftances,  which  are  of  the 
mo  ft  beautiful  colours  : of  as  fine  a fcarlet,  purple,  or 
blue,  as  the  fineft  paint  could  make  them.  Thofe  of  a 
bright  yellow  are  very  common ; but  the  green  or 
fnow-white  more  rare.  Thefe  coloured  fubftances  feem 
fometimes  to  make  up  the  whole  bottom.  But  they 
are  more  frequently  found  on  other  things,  as  upon 
mud,  corals,  or  larger  pieces  of  fliells,  in  the  manner 
of  tartareous  crufts.  And  their  colours  are  not  merely 
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'tmd  when  thus  examined,  they  appear  equal  to  paints 
,C f the  fineft  kind.  . ^ _ 

'There  is  very  little  difference  between  the  bottom  of 
* the  Adriatic  Sea,  and  the  furface  of  the  neighbouring 
countries.  'There  are  at  the  bottom  of  the  water, 
mountains,  plains,  vallies,  and  caverns,  juft  as  upon 
the  land.  1 The  foil  confifts  of  different  ftrata  planted 
one  upon  another  ; and  for  the  moft  part  correfponds 
•to  thofe  of  the  rock,  iflands,  and  neighbouring  con* 
tirients.  They  contain  (tones  of  different  forts,  mine- 
rals, metals,  various  petrified  bodies,  pumice-ftones, 
and  lavas  formed  by  volcanos.  Iftria,  Dalmatia,  Al- 
bania, and  other  adjacent  countries,  as  well  as  the 
rocks,  the  iflands,  and  the  bottom  of  the  Adriatic  fea> 
confift  of  a mafs  of  white  marble,  of  an  uniform  grain, 
and  of  aimoft  an  equal  hardnefs.  This  vaft  bed  of 
marble  in  many  places  under  both  the  earth  and  the 
fea,  is  interrupted  by  feveral  other  kinds  of  marble^ 
and  covered  by  a great  variety  of  bodies.  The  variety 
of  thefe  foils  under  the  fea  is  remarkable  : it  is  to  :this 
are  owing  the  varieties  of  plants  and  animals  found  at 
-the  bottom  of  the  fea.  Some  places  are  inhabited  by 
a great  number  of  different  fpecies  of  plants  and  ani- 
mals, in  others  only  fome  particular  fpecies  are  found, 
and  in  others  neither  plants  nor  animals.  Thefe  ob- 
servations not  only  point  out  to  us  the  refemblance  be* 
tween  the  furface  of  the  earth  and  the  bottom  of  the  . 
fea,  but  likewife  one  caufe  of  the  varieties,  which  are 
.obferved  in  the  diftribution  of  the  marine  foflils  found 
In  the  earth.  ~ 

In  that  vaft  mafs  of  marble,  which  is  common  to 
the  bottom  of  the  Adriatic,  and  the  neighbouring  prd-  > 

virices  towards  the  eaft,  are  a multitude  of  marine  bc£. 
dies  petrified  ; fome  of  which  are  fo  united  to  the  ftony 
fubftance,  that  they  are  fcarce  to  be  diftinguiflied. 

X.ikewi(e  a cruft  is  difcovered  under  the  waters  in  divers 
places,  and  for  a great  extent,  which  is  a compofition 
of  cruftaceous  and  teftaceous  bodies,  and  beds  of  polypi 
of  different  kinds,  confufedly  blended  with  earth,  fand,  | 

and  gravel.  - 

Thefe  different  bodies,  which  enter  into  thte  com-, 
pofition  of  this  cruft,  are  at  the  depth  of  a foot  or 
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more,  entirely  petrified  and  reduced  into  marble.  At 
lefs  than  the  depth  of  a foot  they  approach  nearer  -to 
their  natural  ftate.  And  at  the  furface  of  this  cruft, 
they  are  either  dead,  though  extremely  well  preferved, 
or  ftill  living. 

This  demon  (Ira tes  that  ftones  may  be  formed  from 
things  petrified,  and  actually  are  formed  in  great 
quantities  under  the  water.  Cruftaceous  and  teftaceou* 
bodies  and  polypi,  are  every  where  mingled  in  the 
utmoft  confufion,  which  fhews  a ftriking  refemblance 
between  the  cruft  difcovered  under  the  fea,  and  the 
marine  bodies  petrified  in  many  parts  under  the  earth. 

The  more  thefe  cruftaceous  and  teftaceous  bodies 
and  beds  of  polypi  multiply,  the  more  their  exuvia 
and  (keletons  contribute  to  enlarge  this  cruft.  In  fe- 
veral  parts  it  forms  very  confiderable  banks,  and  of  a 
very  great  tbicknefs. 

It  follows,  that  the  bottom  of  the  fea  is  rifing  con- 
ftantly  higher  and  higher.  Divers  other  caufes  con- 
tribute to  this  $ fnow  and  rain,  and  waters  that  bring 
down  from  the  mountains,  into  the  fea,  a great  quan- 
tity of  earth  and  ftones.  The  waves,  beating  againft 
the  continent  and  ifiands,  detach  many  maffes  which 
areffpread  upon  the  bottom  of  the  fea.  The  rivers 
carry  the  mud  with  their  waters  into  the  fea,  at  the 
bottom  of  which  that  mud  depofits  itfelf. 
t"  From  the  rifing  of  the  bottom  of  the  lea,  that  of 
the  level  of  the  water  naturally  follows.  So  at  Venice, 
in  f ftria,  and  in  Dalmatia,  the  level  of  the  waters  is  fe- 
deral feet  higher  than  it  was  formerly.  This  elevation 
•is  obferved  only  on  the  northern  and  eaftern  coafts  of 
■ the*  Adriatic.  The  • fea  feems,  on  the  contrary,  to 
abandon  the  weftern  coaft,  that  of  Italy. 

•f  The  eye  can  reach  but  a lhort  way  into  the  depth 
of  any  fea,  and  that  only  when  the  furface  is  glaffy 
and  ferene.  In  many  feas  it  perceives  nothing  but  a 
bright  fandv  plain  at  bottom,  extending  for  feveral- 
hundred  miles.  But  iii  others,  particularly  in  the 
Red  Sea,  it  is  very  different:  the  whole  bottom  of 
•this  extenfive  bed  of  water,  is  a foreft  of  fubmarine 
'•plants,  and  corals',  formid  by  infe&s  for  their  habi- 
tation : lbmetimes  branching  out  to  a great  extent  j 
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^fo  that  fome  have  even  fuppofed  the  fea  to  have  taken 
7ts  name  from  the  colour  of  its  plants  below.  How- 
ever, thefe  are  not  peculiar  to  this  fea,  as  they  are 
ifound  in  great  quantities  in  the  vPerfian  Gulf,  along 
the  coafts  of  Africa,  and  thofe  of  Provence  and  Cata- 
lonia. 

The  bottom  of  many  parts  of  the  fea  near  America, 
prefents  a very  different  appearance.  This  is  covered 
with  vegetables,  which  makes  it  look  as  green  as  ak 
meadow ; and  beneath  are  feen  thoufands  of  turtles, 
and  other  fea  animals  feeding  therein. 

Ocean-ftiells  are  frequently  found  very  near  the  fur- 
face  of  the  earth,  which  .proves  that  fuch  places  for- 
merly have  been  the  fea-fhore.  Hence  it  is  clear,  that 
the  caufe  which  tranfported  them  thither,  afled  fud- 
jdenly,  which  perfectly  agrees  jvvith  the  accqunt  of  the 
deluge  given  by  Mofes. 

Nay,  at  Touraine,  in  France,  more;than  a hundred 
miles  from  the  fea,  there  is  a plain  of  about  nine 
leagues  long,  and  as  many  broad,  from  whence  the 
_peafants  of  the  country  fupply  themffclves  with  marie. 
If  they  dig  deeper  than  twenty  feet,  the  whole  plain 
is  compofed  of  die  fame  materials,  which  are  (bells  of 
; various  kinds,  without  the  fmalled  portion  of  earth 
between  them.  Thefe  (hells  are  in  their  natural  ftate:; 
but  they  are  found  alfo  petrified,  and  aimed  Jn  equal 
abundance,  in  all  the  Alpine  rocks,  in  th^-Py ranees,  in 
the  hills  of  France,  England,  and,  Flanders.  Yea  in 
>ill  quarters  from  whence  marie  is  dug,  if  the  rock  be 
fplit  perpendicularly  down,  petrified  (hells,  and  other 
marine  fubdances  will  be  plainly  difqeimed.  In  feveral 
parts  of  Afia  and  Africa,  travellers  have  fobferved 
thefe  (hells  in  great  abundance.  In  the  mountains  of 
Caftravan,  they  quarry  out  a white  ftone,  every  part 
of  which  contains  petrified  fifhes  in  great  numbers,  and 
of  furpriling  diverfity,  in  fuch  prefer  vati’on,  that  their 
fins,  fcales,  and  all  the  minuted  diftentions  of  the^r 
. make  can  be  perfectly  dilcerned.  From  all  thefe  in- 
dances  we  may  conclude,  that  thefe  foffils  are  very 
numerous.  And  the  variety  of  their  kinds  is  aftonifli- 
,'ing.  Mod  of  the  fea-fliells  which  are  known,  and 
many  others  to  which  we  ate  entirely  ftratfgers,  are  to 
be  feen  either  in  theirknatural  date,  or  in  vaiious  de- 
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grees  of  petrifaction.  But  in  the  place  of  fofne  we^haTferi 
there  fpar,  or  (lone  exadtly  exprelling  all  the  lineaments 
of  animals:'  for  the  (hells  diffolving  by  (low  degrees*- 
and  the  matter  having  exactly  filled  all  the  cavities 
within,  this  matter  retains  the  fame  form  which  the- 
(hells  were  of* 

r The  gxeateft  depths  of  the' fea  ever  yet  founded, 
have  been  found  to  be  about  3000  fathoms.  The  or- 
dinary depths  are  about  150.  Though  thefe  (hells  are 
to  be  found  in  almoft  all  the  plainer  parts  of  the  fur- 
face  of  the  earth,  yet  there  are  certain  very  large 
trades,  where  filch-  bodies  are*  never  found,  viz.  the 
mountains,  which  feem  to  be  the  remains  of  the  ori- 
ginal ftrata  of  the  eafth<  It  is  true,  that  there  are 
many  eminences,  which  have  been  taken  for  moun- 
tains, where  fea  (hells  of  every  kind  are  found:  but 
thefe  are  hillocks,  com  pared  * with  the  large  mountains - 
which  may*  be  traced  in  unmenfe  chains,  without 
almoft  any  difcontinuity,  from  one  continent  to  ano- 
ther; and  from  continents  to  neighbouring  and  oppo- 
fite  iflands ; infomuch  that  all  thefe  chains,  not  only 
of  the  old, but  likewife  of  the  new  world,  fee m con- 
nected one  with  another.  In  the  Alps,  Apennine  an<&' 
Pyreneans,  no  (hells,  nor  marine  bodies  of  any  kind  are 
to  be  found  : neither  in  the  large  Grampion  mountains 
in  Scotland. 

The  fame  is  obferved  of.  all  the  large  mountains  of 
Africa,  and  of  Afia,  and  in  the  huge  chain  of  Cordil- 
kres  in  Peru.  This  kind  of  mountains  (which  indeed 
alone  deferve  that  name)  are  chiefly  c-o-mpofed  of  vi~ 
trifiable  matter;  and  if  they  are  fometimes  found  to 
contain  fea-fhells,  it  is  never  to  great  depths,  though 
fuch  bodies  are  found  in  the  adjacent  vallies. 

Potter5  s-earth  is  found  plentifully  in  mod  low 
grounds  and  vallies,  between  mountainous  tradts.  By 
expofing  common  flint  (tones  to  the  confined  vapour 
of  boiling  Water,  a clay  of  the  very  fame  kind  may  be 
formed,'  and  is  no  more  than  a decompofition  of  flints. 
Hence  it  appears,  that  wherever  this  clay  is  to  be 
found,  there  the  earth  has  undergone  fome  violence  by 
fire  ; and  that  this  has  been  effected  by  earthquakes,  foon 
after  the  deluge,  feems  extremely  probable.  The  de- 
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luge  has  given  origin  to  many  foflll  fubftances  and 
combinations,  which  otherwife' would  not  have  hap- 
pened. Chalk  is  no  more  than  the  ruins  of  fea-lhells, 
and  lime-ftones  confift  of  the  fame  bodies  cemented 
together  by  a ftony  juice.  < ; - 

13.  At  fixed  times  the  water  of  the  fea  runs  for 
near  fix  hours  from  fouth  to  north,  which  is  called  the 
flood,  at  which  time  it  rifes  gradually  on  our  (bores,  - 
and  in  the  channels  of  the  rivers.  Then  after  {land- 
ing at  the  fame  height  for  a quarter  of  an  hour,  it 
returns  for  near  fix  hours  from  north  to  fouth,  which 
we  term  the  ebb  ; and  after  a quarter  of  an  hour  the 
water  rifes  again.  The  change  thereof  is  twice  in 
twenty-four  hours,  but  begins  near  fifty  minutes  later 
daily.  And  this  is  obferved  on  all  the  fhores  of  Eu- 
rope, that  are  waffled  by  the  ocean : whereas  the  Bal- 
tic and  Mediterranean  fea,  as  well  as  the  Cafpian, 
have  no  tides.  The  nearer  we  approach  the  pole,  the 
more  impetuous  the  tides  .are.  The  caufe  of  them 
was  wholly  concealed  from  the*  ancients ; but  it  is  now 
well  known  to  every  one.  They  depend  entirely  on  * 
the  motion  of  the  moon,  with  which  they,  exadtly 
correfpond  : the  flood  beginning  to  rife  juft  at  the 
time  when  the  moon  is  in  the  meridian. 

There  is  fomething  remarkable  in  the  manner, 
wherein  the  tides  rife,  in  feveral  of  our  rivers.  In  the 
river  Severn,  in  particular,  near  Newnham,  and  160 
miles  from  Lundy,  the  head  of  the  flood  at  fpring- 
tides  rifes  in  height  like  a wall,  near  nine  feet  high. 
Thus  it  pours  on  for  many  miles,  ufually  overfetting 
any  vefl'els  that  lie  in  its  way.  This  head-tide  they 
call  the  boar ; it  flows  here  only  two,  and  ebbs  ten 
.hours. 

- : . ■ _y-  ' -j  ‘ 1 * 

But  how  fhall  we  account  for  the  ebbing  and  flow- 
ing of  Lay-well,  near  Torbay  ? This  ebbs  and  flows 
many  times  in  an  hour.  It  ufually  performs  its  flux 
and  reflux  in  a minute’s  time.  But  it  (lands  two  or 
three  minutes  after  the  ebb : fo  that  in  the  whole,  it 
flfrbs  and  flows  about  fixteen  times  in  an  hour. 

#14.  Currents 
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14.  Currents  in-  the  fea  are:  either  natural  and  ge- 
neral, arifing  from  the  daily  rotation  of  the  earth  on- 
its  axis,  or  particular,  or  accidentally  caufed  by  the 
•waters  being  driven  againft  promontories,-  or  into 
gulfs  and  ftraits,  where  wanting  room  to  fpread, 
they  are  driven  back,  and  fo  difturb  the  ordinary  flux- 
of  the  fea. 

The  currents  are  fo  violent  near  the  line,  where  the 
motion  of  the  earth  is-  the  greateft,  that  they  carry 
veffels  fwiftly  from  Africa  to  America,  but  prevent, 
their  returning  the  fame  way.  So  that  they  run  as  far 
as  the  fortieth  degree,  to  find  a paffage  into  Europe. 

In  the  Straits  of  Gibraltar,  which  are  about  twenty 
miles  broad,  the  current  almoft  always  runs  eaftward. 
And  fo  it  ufually  does  in  St.  George’s  Channel.  But 
the  moft  violent  fea  is  in  the  Straits  of  Magellan, 
which  is  owing  to- two-  contrary  currents,  which  meet 
in  thofe  ftraits. 

Sometimes  there  is  an  under-current,  contrary  to 
that  above.  So  it  is  in  the  Baltic  Sound.  One  of  the' 
king’s  frigates  being  there,  they  went  with  their 
pinnace  in  the  mid-ftream,  and  were  carried  vio- 
lently by  the  current.  Soon  after  they  funk  a bafket 
with  a large  cannon-bullet  to  a certain  depth  of  wa- 
ter. This  checked  the  motion  of  the  boat;  and 
when  they  funk  it  lower,  the  boat  was  driven  a head 
againft  the  wind,  as  well  as  the  upper  current.  And 
the  lower  the  bafket  was  let  down,  the  ftronger  the  curv 
rent  was  found.  The  upper  current  appeared  by  this 
experiment,  not  above  four  or  five  fathom  deep. 

And  does  not  the  following  inftance  {hew,  that  there- 
is  an  under  current  at  the  mouth  of  the  Mediterranean 
Sea?  In  the  year  1712,  Monf.  l’Aigle,  commander  of 
a privateer,  chafing  a Dutch  {hip  near  Ceuta  Point, 
came  up  with  her  in  the  Straits  between  Tariffa  and 
Tangier,  and  giving  her  one  broadfide,  funk  her.  A, 
few  day  rafter,  this  (hip  with  her  cargo  of  brandy  and 
oil  arofe  near  Tangier,  four  leagues  weft  of  that 
place  where  {he  funk,  and  dire&ly  againft  the  ftrength 
of  the  current.  Certainly  then  the  deep  water  in  the 
middle  of  the  Straits,  fets  outward  to  the  grand  ocean  : 
and  poffibly  great  part  of-the  water,  which  runs  in  at 
the  Straits,  may  run  out  again  that  way.- 

One 

* # 


( 248  ) 

One  of  the  moft  violent  currents  in  the  northern 
feas,  runs  between  two  of  the  weftern  illes.  The  fea 
begins  to  boil,  with  the  tide  of  flood,  and  increafes 
gradually,  till  there  are  many  whirlpools,  which  form 
themfelves  into  a fort  of  pyramids,  and  immediately 
fpout  out  as  high  as  the  mad  of  a little  veflel.  At 
the  fame  time  they  make  a loud  report.  Thefe  white 
waves  run  two  leagues  before  they  break.  The  fea 
continues  thefe  motions,  till  it  is  more  than  half  flood, 
and  then  decreafes  gradually,  till  it  has  ebbed  half  an 
hour.  From  that  time  it  boils  again,  till  it  is  within 
an  hour  of  low  water.  This  boiling  of  the  fea  is  about 
a piftol-lhot  diftant  from  the  ifle  of  Scarba.  But  the 
fmalleft  boat  may  fafely  crofs  the  gulf,  at  the  laft 
hour  of  the  flood  or  of  the  ebb. 

In  like  manner,  the  collifion  of  the  oppofite  and 
oblique  ftrearas,  near  the  end  of  the  Orkney  • iflands, 
excites  a circular  motion  in  the  water,  and  when  the 
lwiftnefs  of  the  tide  is  conflderable,  occafions  whirl- 
pools or  cavities  in  the  fea,  in  the  form  of  an  inverted 
bell,  wide  at  the  mouth,  and  growing  gradually  nar- 
rower towards  the  bottom.  Their  width  and  depth 
are  in  proportion  to  the  rapidity  of  the  ftreams  that 
caufe  them.  Thofe  in  Pentland  Firth,  near  the  iflands 
Storma  and  Swona,  will,  with  a fpring  tide,  turn  any-  » 
veflel  quite  round.  There  have  been  inftances  of  boats 
being  fwalled  up  in  them.  The  cavity  is  largeft  when 
it  is  firft  formed,  and  is  carried  along  with  the  ftream, 
diminiftiing  gradually  as  it  goes,  until  it  quite  dif- 
appears.  The  fudlion  communicated  to  the  water, 
(does  not  extend  farther  than  the  cavity.  When  fifher- 
men  are  aware  of  their  approach  to  one  of  thefe  wells, 
as  they  call  them,  and  have  time  to  throw  an  oar  or 
any  other  bulky  body  into  it,  before  they  are  too  near, 
the  fpiral  motion  is  interrupted,  and  the  continuity  of 
the  water  broke  ; which  rufhing  in  on  all  fides,  fills  up 
the  cavity,  and  enables  them  to  go  over  it  fafe.- 

The  Maelftroom  is  a whirlpool  on  the  coafl  of  Nor- 
. way,  and  received  this  name  from  the  natives,  which 
lignifies  the  navel  of  the  fea ; fince  they  fuppofe  a 
great  fliare  of  the  water  of  the  fea  is  fucked  up,  and 
difeharged  by  its  vortex.  A defeription  of  the  inter- 
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Ual  parts  Is  not  to  be  expe&ed,  fince  none  ever  return- 
ed thence  to  bring  Information.  The  body  of  waters 
that  form  this^  whirlpool,  are  extended  in  a circle  about 
thirteen  miles  in  circumference.  In  the  midft  of  this 
ftands  a rock,  againft  which  the  tide  in  its  ebb  is 
daflied  with  inconceivable  fury*  At  this  time  it  in- 
ftantly  fwallows  up  all  things  that  come  within  the 
fphere  of  its  violence,  trees,  timber,  and  fhipping.  No 
flrill  in  the  mariners,  nor  ftrength  in  rowing,  can  work 
an  efcape  : the  failor  at  the  helm  finds  the  (hip  firft: 
go* in  a current  opposite  to  his  intentions;  his  veflel’s 
motion,  though  flow  in  the  beginning,  becomes  etfery 
moment  more  rapid  ; and  it  goes  round  Til  circles  ftill  • 
narrower  and  narrower,  till  at  lafl:  it*  is  daffied  againft 
the  rocks,  . and  inftantly  difippears  : no|*  is  it  feen  again 
for  fix  hours  ; till  the  tide  turning,  it  is  vomited  forth 
with  the  fame  violence  with  which  it  was  drawn  uv 
The  nbife  of  this  vortex  increafes  its  terror,  which,  with 
the  dafliing  of  the  waters,  and  the  dreadful  valley  co- 
vered by  their  circulation,  makes  one  of  the  moil  tre* 
xnendous  obiefts  in  nature*. 

May  I be  permitted  to  mention  here,  a cheap  and 
eafy  way  of  making  lea- water  frefh:  “ I took,  fays  a 
gentleman,  a long  glafs  body,  and  having  filled  it 
with  fea-water,  put  therein  fea-weed  with  its  roots 
frefh  and  new  gathered.  Then  I put  on  a head  and  a 
beak,  and  adapted  a receiver  thereto,  without  any  lute 
or  clofmg  the  joints.  From  the  plants  diflilled  daily, 
a fmall  quantity  of  very  fweet  and  potable  Water.  And 
probably  there  may  be  found  other  plants  near  the  fea r 
which  would  yield  frefh  water  in  large  quantities.” 

Sea-water  (imply  diflilled,  affords  a water  as  pure' 
and  wholeftme,  as  that  obtained  from  the  beft  fprings. 

From  the  improvements  made  by  Dr.  Hales,  it 
appears  that  three  quarts  of  water  might  be  procured 
in  five  minutes,  that  is,  fifty  gallons  in  twelve  hours* 
from  a fmall  cylindrical  ftill  of  Mr.  Durand’s,  by  fet- 
ting  fome  pewter  plates  edgeways  in  its  head.  And  a 
ftill  thirty-two  inches  diameter  would  give  two  hun- 
dred gallons  in  twelve  hours,  with  only  the  expenfe  of 
a bufhel  and  half  of  coals. 

I*  3 When 
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When  fea-water  is  boiled  in  a clofe  covered  vefleb 
die  fleam  is  converted  into  frefh  water,  on  the  infide 
of  the  cover.  And  from  a pot  of  thirteen  inches  dia- 
meter, by  frequently  removing  the  cover,  and  pouring 
off  the  water  colleXed  upon  it,  a quarter  of  a pint  of- 
frefh  water  is  procured  in  an  hour. 

, . r ' 1*  "*  . * / • . /•  « • - 

Perhaps  a yet  better  way  of  making  fea-water  frefh, 

is  the  following.  Take  bees- wax,  and  mould  it  into 
the  form  of  an  empty  hollow  veffel ; fink  the  veffel  into 
the  fea.  The  water  in  fome  time  will  work  its  way; 
through  the  pores  of  the  wax,  and  the  quantity  con- 
tained in  the  veffel  will  be  frefh,  and  good  for  ufe. 
The  fame  will  happen  by  ufing  a round  earthen  veffel, 

. and  flopping  tha  aperture  :_for  the  water  that  pene- 
trates is  percolated  and  pure. 

But  frefh  water  may  be  had  in  much  greater  plenty* 
and  more  expeditioufly,  by  filling  a veffel  wdth  river- 
fand  or  gravel,  and  pouring  falt-water  upon  it.  The 
veffel  mu  ft  be  perforated  at  bottom,  and  by  applying 
a linen  ftrainer,  the  water  after  undergoing  a few  fil* 
trations,  will  lofe  all  its  brackiih  tafte. 

< ■ « •'  y.\  i ' . i 

In  order  to  keep  frefh  water  fweet,  take  of  fine,  clear, 
white  pearl  afhes,  a quarter  of  a pound  of  avoirdu- 
poize  wreight,  and  put  it  into  one  hundred  gallons  of 
frefh  water  (obferving  this  proportion  to  a greater  or 
•Jeffer  quantity)  and  flop  up  your  cafk  as  ufual,  till 
you  have  occafion  to  broach  it  for  ufe.  As  an  inftance 
of  its  utility  and  fuccefs,  Dr.  Butler  put  an  ounce  of 
pearl  afhes  into  a twenty-five  gallon  cafk  of  Thames 
water,  which  he  flopped  up  very  clofe,  and  let  it 
ftand  for  upwards  of  a year  and  a half,  opening  it 
once  in  four  months,  and  conflantly  found  it  in  the 
fame  unaltered  condition,  and  perfectly  fweet  and 
good:  afterwards  he  made  ufe  of  fome  of  it  in  boiling 
peafe  and  burgoo,  and  found  that  it  made  the  peafe  as  , 
foft,  and  anfwered  for  all  purpofes  to  which  he  applied 
it,  as  well  as  water  frefh  drawn  out  of  the  river. 

To  this  fhort  fketch  of  what  is  obfei  vable  in  the  ter- 
raqueous globe,  I fubjoin  fome  of  the  beautiful  re- 
flexions of  Mr.  Hervey. 

■f*  What 
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« What  an  admirable  fpecimeii  have?  we  here,  of 
the  divine  (kill  and  goodnefs  ? This  globe  is  intended,' 
not  only  for  a habitation,  but  for  a ftorehoufe  of  con- 
veniences. And  if  we  examine  the  feveral  apartments 
of  our  great  abode*  we  (hall  find  reafon  to  be  charm- 
ed with  the  difplays  both  of  nice  economy  and  bound- 
lefs  profufion. 

The  furface  of  it,  the  groatid,  coarfe  as  it  may 
feem,  is  yet  the  laboratory  where  the  mod  exquifite 
operations  are  performed.  And  though  a multitude 
of  generations  have  been  accommodated  by.  it,  it  ft  ill 
continues  inexhauftible,'  _ ' 

i The  unevennefs  of  the  ground,  far  from  being 
deleft,  heightens  its  beauty  and  augments  its  ufe-; 
fulnefs.  Here  it  is  fcooped  into  deep  and 'flickered 
vales,  almoft  conftantly  covered  with  verdure,  which' 
yields  an  eafy  couch  and  agreeable  food  to  the  various  * 
tribes  of  cattle.  There  it  extends  into  a wide,  open 
country,  which  annually  bears  a copious  harveft : a 
harveft  not  only  of  the  principal  wheat,  which  is  the 
ftaff  of  our  life,  \but  of  the  appointed  barley,  and- 
various  other  grain,  which  are  food  ior  our  animals.  - 

The  furrows  vary- tlieir  produce.  They  bring  forth 
flax  and  hemp,  which  help  us  to  fome  of  the  moft  ne-- 
ceffary  accommodations  of  life.  Thefe  are  wove  into 
ample  volumes  of  cloth,  which  fixed  to  the  maft,  give 
wings  to  our  {hips.  It  is  twilled  into  va.fi.  lengths  of 
cordage,  which  give  nerves  to  the  crane,  and  fmews  to 
the  pully,  or  elfe  adhering  to  the  anchor,  fecure  the 
reflel  even  amidft  the  driving  tempeft.  It  covers  our 
tables  with  a graceful  elegance,  and  furrounds  our 
bodies  with  a cherilliing  warmth. 

Yonder  arife  the  hills,  like  a grand  amphitheatre  t 
Some  are  clad  with  mantling  vines,  fome  crowned  with 
towering  cedars,  fome  ragged  with  milhapen  rocks, 
or  yawning  with  fubterraneous  caves.  A.nd  even  thofe 
inaccelfible  crags,  thefe  gloomy  cavities,  are  not  only, 
a refuge  for  wild  goats,  but  fometimes  for  thofe  of 

whom  the  world  is- not  worthy.- 

- . ' - At 
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At  a greater  di (lance  the  mountains  penetrate  the 
clouds,  with  their  afpirlng  brows.  Their  Tides  arreft 
and  condenfe  the  vapours  as  they  float  along.  Their 
caverned  bowels  collect  the  dripping  treasures,  and 
fend  them  gradually  abroad  by  trickling  fprings  : and 
hence  the  waters  increafing  roll  down,  till  they  have* 
fwept  through  the  mod  extenfive  climes,  and  regained 
their  native  Teas. 

' . • 

The  vine  requires  a ftrong  reflection  of  the  fun- 
beams,  and  a large  proportion  of  warmth.  How  com- 
modioufly  do  the  hills  and  mountains  minifter  to  this 
purpofe  ? May  we  not  call  thofe  vaft  declivities,  the 
garden-walls  * of  nature  ? Thefe  concentre  the  folar 
fire,  and  completely  ripen  the  grape  ! O that  any 
fhould  turn  fo  valuable  a gift  of  God  into  an  inftru- 
ment  of  fin ! 

• , , 

What  is  nature  but  a feries  of  wonders  ? That  fuch 
a variety  of  fruits  fhould  rife  from  the  infipid,  fordid 
earth  ! I take  a walk  through  my  garden  or  orchard 
in  December.  There  (land  feveral  logs  of  w’ood  t>n 
the  ground.  They  have  neither  fenfe  nor  motion  ; 
yet  in  -a  little  time  they  are  beautified  with  bloffoms, 
they  are  covered  with  leaves,  and  at  laft  loaded  with 
fruit.  I have  wondered  at  the  account  of  thofe  pro- 
digious engines,  invented  by  Archimedes.  But  what 
are  all  the  inventions  of  men,  to  thofe  nice  automata 
©f  nature  ? 

L Z7  N \ ^ 

The  forefl  rears  myriads  of  mafly  bodies,  which 
though  neither  gay  with  bloffoms,  nor  rich  with  fruit, 
fopply  us  with  timber  of  -various  kinds.  But  who 
fhall  cultivate  them  ? The  toil  were  endlefs.  See 
therefore  the  ever  wife  and  gracious  ordination  of 
Providence ! They  have  no  need  of  the  fpade  or  the 
yruning-knife.  They  want  no  help  from  man. 

When  fa  wed  into  beams  they  fuftain  the  roofs  of 
©ur  houfes.  They  make  carriages  to  convey  our 
heaiveft  loads.  Their  fubftance  is  fo  pliant,  that 
they  are  eafily  formed  into  every  kind  of  furniture : 
yet  their  texture  fo  folid,  that  they  compofe  the  mod 

important 
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important  parts  of  the  largeft  engines.  At  the  fame 
time,  their  preffure  is  fo  light,  that  they  float  upon 
the  waters.  Thus  while  they  ferve  all  the  ends  of  ar- 
chitecture, and  beftow  numberlefs  conveniences  on  the 
family,  they  conftitute  the  very  bafis  of  navigation* 

and  give  being  to  commerce. 

* 

• • _ 

" If  we  defcend  from  the  ground  floor  of  our  habita- 
tion into  the  fub terraneous  lodgments,  we  {hall  find 
there  alfo  the  moll  exquifite  contrivance,  aCting  in 
concert  with  the  mod  profufe  goodnefs.  Here  are  va- 
rious minerals  of  fovereign  efficacy : beds  fraught  with 
metals  of  richeft  value : and  mines,  which  yield  a 
metal  of  a meaner  afpeCt,  but  fuperior  ufefulnefs. 
Without  the  affiftance  of  iron,  what  would  become  of 
all  our  mechanic  {kill  ? Without  this  we  could  fcarce 
either  fix  the  mad,  or  drop  the  faithful  anchor.  We 
fhould  fcarce  have  any  ornament  for  polite,  or  utenfil 
for  common  life. 

\ / % 
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Here  is  an  inexhauftible  fund  of  combuftible  mate- 
rials. Thefe  mollify  the  mod  ftubborn  bars.  They 
melt  even  the  mod  ftubborn  flint,  and  make  it  more 
dudtile  than  the  fofteft  clay.  By  this  means  we  * 
are  furnifhed  with  the  moft  curious  and  ferviceable  ma- 
nufacture in  the  world  ; which  admits  into  our  houfes 
the  cheering  light,  yet  excludes  the  wind  and  rain  : 
which  gives  new  eyes  to  decrepid  age,  and  more  en- 
larged views  to  philofophy  ; bringing  near  what  is 
immenfely  remote,  and  making  viiible  what  is  im- 
menfely  fmall. 

Here  are  quarries  flocked  with  (tones,  which  do 
not  fparkle  like  gems,  but  are  more  eminently  ufeful. 
Thefe  form  houfes  for  peace,  and  fortifications  for  war. 
Thefe  conftitute  the  arches  of  the  bridge,  the  arms  of 
the  mole  or  qua which  fcreen  our  fhips  from  the 
moft  tempeftuous  feas.  Thefe  are  comparatively  foft 
in  the  bowels  of  the  earth,  but  harden  when  in  the  open 
air.  Was  this  remarkable  peculiarity  reverfed,  what 
difficulties  would  attend  thelabours  of  the  mafon  ? His 
materials  could  not  be  extracted  from  their  bed,  nor  fa- 
ihioned  without  infinite  toil*  And  were  his  work  com- 
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pleted,  it  could  not  long  withftand  the  fury  of  the 
elements. 

i • 

Here  are  various  aflortments  and  beds  of  clay,, 
which  however  contemptible  in  its  appearance,  is 
abundantly  more  beneficial  than  the  rocks  of  diamond 
or  veins  of  gold  : this  is  moulded  into  veflels  of  any 
fhape  and  fize : fome  fo  delicately  fine  as  to  fuit  the  ta- 
ble of  a princefs  ; others  fo  remarkably  cheap,  that 
they  minifter  to  the  convenience  of  the  pooreft  pea- 
frnt  : all  fo  perfectly  neat,  as  to  give  no  difguft  even 
to  the  niceft  palate. 

A multiplicity  of  other  valuable  (lores  is  locked  up 
in  thefe  ample  vaults.  But  the  key  of  all  is  given  to 
induftry,  in  order  to  produce  each  as  necefiity  de- 
mands. 

Which  (hall  we  mod  admire,  *:he  bounty  or  wifdoro 
of  our  great  Creator  ? How  admirable  is  his  precau- 
tion in  removing  thefe  cumbrous  wares  from  the  fur- 
face,  and  beftowing  them  under  the  ground  in  proper 
repofitories  ? Were  they  fcatteted  over  the  furface  of 
the  foil,  it  would  be  embarraffed  with  the  enormous 
load.  Our  roads  would  be  blocked  up,  and  fcarce 
any  room  left  for  the  operations  of  hufbandry.  Were 
they  on  the  other  hand,  buned  at  a great  depth,  it 
would  coil  us  immenfe  pains  to  procure  them.  Were 
they  uniformly  fpread  into  a pavement  for  nature,  uni- . 
verfal  barrennefs  niuft  enfue : whereas  at  prefent  we 
have  a magazine,  of  metallic,  without  leffening  our 
vegetable  treafures.  Foffils  of  every  kind  enrich  the 
bowels,  verdure  adorns  the  face  of  the  earth. 

Well  then  may  even  the  inhabitants  of  heaven  lift  up 
their  voice  and  fing,  “ Great  and  marvellous  are  thy 
works,  O Lord  God  Almighty  !”  And  is  there  not 
infinite  reafon  for  us  to  join  this  triumphant  choir  ?< 
Since  all  thefe  things  are  to  us,  not  only  a noble  fpec- 
tacle,  bright  with  the  difplay  of  our  Creator’s  wifdoro, 
but  likewife  an  ineltimable  gift,  rich  with  the  emana-*- 
tions  of  his  goodnefs  ! The  earth  hath  he  fet  before 
the  inhabitants  of  his  glory  i but  he  hath  given  it  to 
k the 
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the  children  of  men.  Has  he  not  then  an  undoubted 
right  to  make  that  tender  demand,  “ My  fon,  give* 
me  thine  heart !” 

The  rocks  which  bound  the  fea*  are  here  prodigious- 
ly high  and  ftrong,  an  everlafting  barrier  againft  both 
winds  and  waves.  Not  that  the  omnipotent  Engineer 
has  any  need  of  thefe  here.  It  is  true,  they  intervene* 
and  not  only  reprefs  the  rolling  billows,  but  fpeak  the 
amazing  Majefty  of  the  Maker.  But  in  other  places 
the  Creator  fhews,  he  is  confined  to  no  expedient.  He 
bids  a bank  of  defpicable  fand  repel  the  molt  furious 
{hocks  of  aflaultmg  leas.  And  though  the  waves 
tofs  themfelves,  they  cannot  prevail : though  they  roar, 
yet  they  cannot  pafs  over. 

Nay,  is  it  not  remarkable,  that  fand  is  a more  effec- 
tual barrier  againft  the  fea  than  rock  ? Accordingly 
the  fea  is  continually  gaining  upon  a rocky  fhore  : but 
it  is  continually  lofing  on  a fandy  Ihore,  unlefs  where  it 
fets  in  with  an  eddie.  Thus  it  has  been  gaining  from  age 
to  age,  upon  the  ifle  of  Portland  and  the  Land’s  End  in 
Cornwall,  undermining,  throwing  down,  and  fwallow- 
ing  up  one  huge  rock  after  another.  Mean  time  the 
fandy  fhores  both  on  our  fouthern  and  weftern  coafts* 
gain  continually  upon  the  fea. 

Beneath  the  rocks  frequently  lies  a fmooth,  level 
fand,  almoft:  as  firm  as  a well-compafted  caufeway : 
infomuch  that  the  tread  of  a horfe  fcarce  imprefles  it, 
and  the  waters  never  penetrate  it.  Without  this  wife 
contrivance  the  fearching  waves  would  infinuate  into 
t,he  heart  of  the  earth  ; and  the  earth  itfelf  would  in 
fome  places  be  hollow  as  a honey-comb,  in  other  bibu- 
lous as  a fponge.  But  this  clofely-cemented  pavement  is 
like  claying  the  bottom  of  the  univerfal  canal  : fo 
that  the  returning  tides  only  confolidate  its  fubftance* 
and  prevent  the  fun  from  cleaving  it  with  chinks. 

Here  the  main  rolls  its  furges  from  world  to  world. 
What  a fpe&acle  of  magnificence  and  terror  ! How 
it  fills  the  mind  and  amazes  the  imagination*]  It  is 
the  mod  auguft  object  under  the  whole  heaven.  What 

are 
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are  all  the  canals  on  earth,  to  this  immenfe  refervator 
ry  ? What  are  the  proudeft  palaces  on  earth,  to  yon- 
der concave  of  the  Ikies  ? What  the  moft  pompous  il- 
luminations, to  this  fource  of  day  ? They  are  a fpark, 
an  atom,  a drop.  Nay  in  every  fpark  and  atom  and 
drop,  that  proceeds,  from  the  hand  of  the  Almighty, 
there  is  the  manifeflation  of  a wifdom  and  a power  ab- 
folutely  incomprehenfible.  ’ ? ' 

Let  us  examine  arfingle  drop  of  water,  only  fo  much 
as  will  adhere  to  the  fioint  of  a needle.  In  this  fpeck 
an  eminent  philofopher  computes  no  lefs  than  thirteen 
thoufand  globules.  And  if  fo  many  thoufands  exift  in 
fo  fmall  a fpeck,  how  many  in  the  unmeafured  extent 
of  the  ocean  ? Who  can  count  them  ? As  well  may 
we  grafp  the  wind  in  our  fill,  or  mete  out  the  univerfe 
with  our  fpan.  . , r 1 

lift 

Nor  are  thefe  regions  without  their  proper  inhabi- 
tants, clothed  in  exadl  conformity  to  the  clime  : not  iix 
fwelling  wool,  or  buoyant  feathers,  but  with  as  much 
compa&nefs  and  as  little  fuperfluity  as  poffible.  They 
are  clad,  or  rather  Iheathed  in  fcales,  which  adhere 
clofe,  and  are  laid  in  a kind  of  natural  oil ; than  which 
apparel  nothing  can  be  more  light,  and  at  the  fame 
time  nothing  more  folid.  It  hinders  the  fluid  from  pe- 
netrating their  flefli : it  prevents  the  cold  from  chilling 
their  blood  ; and  enables  them  to  make  their  way 
through  the  waters,  with  the  utmoft  facility.  And 
they  have  each  an  air-bladder,  a curious  inftrument* 
by  which  they  rife  to  what  height,  or  fink  to  what 
depth  they  pleafe. 

■ < 
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It  is  impoffible  to  enumerate  the  fcaly  herds.  Here 
are  animals  of  monftrous  fhapes,  and  amazing  quali^ 
ties.  The  upper  jaw  of  the  fword-fifh  is  lengthened 
into  a ftrong  and  (harp  fword*  with  which  ( though 
not  above  fixteen  feet  long)  he  fcruples  not  to  engage 
the  whale  himfelf.  The  fun-fifli  is  one  round  mals  of 
flefli  ; only  it  lias  two  fins,  which  a the  part  of  oarsr 
The  polypus,  with  its  numerous  feet  and  claws,  feems 
fitted  only  to  crawl.  Yet  an  excrefcence  rifing  on  the 
back  enables  it  to  ftqer  a fteady  courfe  in  the  waves. 

Th* 
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The  (hell  of  the  Nautilus  forms  a kind  of  boat,  and 
he  unfurls  a membrane  to  the  wind  for  a fail.  . He 
extends  alfo  two  arms,  with  which  as  with  oars,  he 
rows  himfelf  along.  When  he  is  difpofed  to  dive,  he 
ftrikes  fail,  and  at  once  finks  to  the  bottom.  When 
the  weatherris  calm  he  mounts  again,  and  performs 
his  voyage  without  either  chart  or  compafs. 

Here  are  flioals  upon  fhoals  of  every  fize  and  form. 
Some  lodged  in  their  lhells,  feemed  to  have  no  higher 
employ,  than  imbibing  nutriment,  and  are  almoft 
rooted  to  the  rocks  on  which  they  lie  : while  others 
{hoot  along  the  yielding  flood,  and  range  the  fpacious 
regions  of  the  deep.  How  various  is  their  figure  ! 
The  {hells  of  fome  feem  to  be  the  rude  produ&ion  of 
chance,  rather  than  of  {kill  or  defign.  Yet  even  in 
thefe  we  find  the  niceft  difpofitions.  Uncouth  as  they 
are,  they  are  exactly  fuited  to  the  exigencies  of  their 
refpedlive  tenants.  Some  on  the  other  hand  are  ex- 
tremely neat.  Their  ftru&ure  is  all  fymmetry  and 
elegance.  No  enamel  is  comparable  to  their  polilh. 
Not  a room  in  all  the  palaces  of  Europe  is  fo  adorned 
as  the  bedchamber  of  the  little  fifh  that  dwells  in  mo- 
ther of  pearl.  Where  elfe  is  fuch  a mixture  of  red, 
blue  and  green,  fo  delightfully  ftaining  the  mod  clear 
and  glittering  ground  ? 

But  what  I admire  more  than  all  their  beauty,  h 
the  provifion  made  for  their  fafety.  As  they  have  no 
fpeed  to  efcape,  fo  they  have  no  dexterity  to  elude 
their  foe.  So  that  were  they  naked,  they  mutt  be  an 
eafy  prey  to  every  free-booter.  To  prevent  this,  what 
is  only  clothing  to  other  animals,  is  to  them  a cloth- 
ing, a houfe,  and  a cattle.  They  have  a fortification 
which  grows  with  them,  and  is  a part  of  themfelves. 
And  by  means  of  this  they  live  fecure  amidft  millions 
of  ravenous  jaws. 

v r \ ■ . . # ♦ » 

Here  dwell  mackrel,  herring,  and  various  other 
kinds,  which  when  lean  wander  up  and  down  the 
ocean  s but  when  fat  they  throng  our  creeks  and  bays, 
or  haunt  the  running  ftreams.  Who  bids  thefe  crea- 
tures leave  our  fhores  when  they  become  unfit  for  our 
. . \ ->•  fervice  ? 
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fervice  ? Who  rallies  and  recals  the  undifcipKned  va- 
grants, as  foon  as  they  are  improved  into  defirable 
food  ? Surely  the  furlow  is  figned,  the  iummons  if-' 
fued,  and  the  point  of  re-union  fettled,  by  a Provi- 
dence ever  indulgent  to  mankind,  ever  loading  us  witlr 
benefits. 

Thefe  approach,  while  thofe  of  enormous  fize  and 
appearance  abandon  our  fhores*  The  latter  would 
fright  the  valuable  fifli  from  our  coafts  ; they  are 
therefore  kept  in  the  abyffes  of  the  ocean  : juft  as  wild 
beafts,  impelled  by  the  lame  over-ruling- power,  hide 
themfelves  in  the' recedes  of  the  foreft. 

One  circumftance  relating  to  the  natives  of  the  deep v 
is  very  aftonifhing.  As  they  are  continually  obliged 
to  devour  one  another  for  neceffary  fubfiftence,  with- 
out extraordinary  recruits,  the  whole  watery  race  muft 
foon  be  totally  extinft.  Were  they  to  bring  forth  no 
more  at  a birth  than  land  animals,  the  increafe  would 
be  far  too  fmail  for  the  confumption.  The  weaker 
fpecies  would  foon  be  deftroyed  by  the'  ftronger,  and 
the  ftronger  themfelves  muft  foon  after  perifh.  There- 
fore to  fupply  millions  of  animals  with  their  food,  and 
yet  not  depopulate  the  watery  realms,  the  ifiue  pro- 
duced by  every  breeder  is  almoft  incredible.  They 
fpawn  not  by  fcores,  but  by  millions  : a fingle  female 
is  pregnant  with  a nation.  Mr.  JLewenhoek  counted 
in  an  ordinary  cod  9,384,000  eggs.  By  this  amazing* 
expedient,  conftant  reparation  is  made,  proportiona- 
ble to  the  immenfe  havoc. 

And  as  the  fea  abounds  with  animal  inhabitants,  fo 
it  does  alfo  with  vegetable  produftions  : fome  foft  as 
wool,  others  hard  as  ftone.  Some  rife  like  a leaflefs 
fhrub,  fome  are  expanded  in  the  form  of  a net : fome 
grow  with  their  heads  downward,  and  feem  rather 
hanging  on,  than  fpringing  from  the  juttings  of  the 
rocks.  But  as  we  know  few  particulars  concerning 
thefe,  1 would  only  offer  one  remark  in  general.  The 
herbs  and  trees  on  the  dry  land  are  fed  by  the  juices 
that  permeate  the  foil,  and  flu&uate  in  the  air.  For 
this  purpofe  they  are  furniflied  with  leaves  to  colleft 
the  one,  and  with  roots  to  attraft  the  other.  Where- 
as 
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as  the  fea-plants,  having  fufficient  nourifhment  in  the 
circumambient  waters,  have  no  need  to  detach  roots 
into  the  ground,  or  forage  the  earth  for  fuftenance.  In- 
ftead  therefore  of  penetrating,  they  are  but  juft  tacked 
to  the  bottom,  and  adhere  to  fome  iolid  fubftance  only 
with  fuch  a degree  of  tenacity,  as  may  fecure  them  from 
being  toft  to  and  fro  by  the  agitation  of  the  waves. 

We  fee  from  this  and  numberlefs  other  inftances, 
what  diverfity  there  is  in  the  operations  of  the  great 
Creator.  Yet  every  alteration  is  an  improvement,  and 
each  new  pattern  has  a peculiar  fitnefs  of  its  own. 

Confidered  in  another  view,  the  fea  is  that  grand 
refervoir,  which  fupplies  tho  earth  with  its  fertility  : 
and  the  air  and  fun  are  the  mighty  engines,  which 
work  without  intermiffion,  to  raife  the  water  from  this 
inexhauftible  ciftem.  The  clouds  as  aquedufls  convey 
_ the  genial  ftores  along  the  atmofphere,  anddiftribute 
them  in  feafenable  and  regular  proportions,  through 
all  the  regions  of  the  globe. 

How  hardly  do  we  extra#  a drop  of  perfeftly  fweet 
water  from  the  vaft  pit  of  brine  ? Yet  the  fun  draws 
voff  every  moment  millions  of  tons  in  vaporous  exha- 
lations, which  being  fecurely  lodged  in  the  bottles  of 
Heaven,  are  fent  abroad  fweetened  and  refined,  with- 
out the  leaft  brackifti  tinfture,  or  bituminous  fediment : 
fent  abroad  upon  the  wings  of  the  wind,  to  diftil  in 
dews  and  rain,  to  ooze  in  fountains,  to  trickle  along 
in  rivulets,  to  roll  from  the  fides  of  mountains,  to  flow 
in  copious  ftreams  amidft  burning  deferts  and  through 
populous  kingdoms,  in  order  to  refrefh  and  fertilize,  to 
beautify  and  enrich  every  foil  in  every  clime. 

How  amiable  is  the  goodnefs,  how  amazing  the 
power,  of  the  world’s  adorable  Maker  ! How  amia- 
ble his  goodnefs,  in  diftributing  fo  largely  what  is  fo 
extenlively  beneficial  ? That  water,  without  which 
we  can  fcarce  perform  any  bufinefs,  or  enjoy  any  com- 
fort, fhould  ftream  by  our  houfes,  ftart  up  from  the 
ground;  drop  down  from  the  clouds!  Should  come 
from  the  ends  of  the  earth,  to  ferve  us,  from  the  ex- 
tremities of  the  ocean  ! How  amazing  his  power  ! . 

That  this  bonndlefs.  mafs  of  fluid  fait,  fo  intolerably 
naufeousi  to  the  tafte,  fhould  be  the  original  fpring, 
which  quenches,  the  thirft  both  of  man  and  every  ani- 
mal! 
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mal ! Doubtlefs  the  power  by  which  this  is  effe&fcd,  ca«* 
make  “ ail  things  work  together  for  our  good.” 

Vaft  and  various  are  the  advantages  which  we  re-’ 
ceive  from  this  liquid  element.  The  waters  glide 
on  in  fpacious  currents*'  which  not  Only  cheer  the  ad-^ 
jacent  country,  but  by  giving  a brifk  motion  to  the 
air,  prevent  the  ftagnation  of  the  vapours.  They1 
pafs  by  large  cities,  and  quietly  rid  them  of  a thoufand 
nuifances.  But  they  are  alfo  fit  for  more  honourable 
fervices.  They  enter  the  gardens  of  a prince,  float  in 
the  canal,  alcend  in  the  Jet  d Eau,  or  fall  in  the  grand 
cafeade^  In  another  kind  they  ply  at  our  mills,  toil 
inceffantly  at  the  wheel,  and  by  working  the  largefi 
engines,  take  upon  them  an  unknown  (hare  of  our  fa- 
tigue,- and  fave  us  both  labour,  time,  and  expenfe.  r 

So  forcibly  do  they  adt  when  colledled.*  And  how- 
do  they  infmuate  when  detached  ? They  penetrate* 
the  minuteft  tubes  of  a plants  and  find  a paflage  through* 
all  its  meanders.  With  how  much  difficulty  does  the 
labourer  pufli  his  way  up  the  rounds  of  a ladder 
While  thefe  carry  their  load  to  a much  greater  height** 
and  climb  with  the  utmoft  eafe.  They  convey  nou- 
riftiment  from  the  loweft  fibres  that  are  plunged  in  the 
earth,  to  the  topmoft  twigs  that  wave  amidft  the 
clouds.  Thus  they  fumifn  the  whole  vegetable  world 
with  neceflary  provifion,  by  means  of  which  “ the  trees 
of  the  Lord  are  full  of  fap,  even  the  cedars  of  Leba-~ 
non,  which  he  hath  planted.”  And  notwithftanding 
their  vaft  elevation  and  prodigious  diffufion,  not  a An- 
gle branch  is  deftitute  ef  leaves,  nor  a fmgle  leaf  of 
moifture^  v 

Befides  the  falutary  and  ufeful  circulation  of  the  ri- 
vers, the  fea  has  a motion  no  lefs  advantageous.  Dai- 
ly for  five  or  fix  hours,  it  flows  toward  the  land,  and 
for  the  fame  time,  retires  to  its  inmoft  caverns.  How- 
great  is  the  power  that  protrudes  to  the  fhores  fuoh  am 
inconceivable  weight  of  waters,  without  any  concur-' 
rence  from  the  w inds,  often  in  diredtoppofition  to  them  l 
Which  bids  the  mighty  element  revolve  with  the  moft 
exa<ft  pudluatity  \ Did  it  advance  with  a lawlefs  and- 
unlimited  fwell,  it  might  deluge  whole  continents. 
Was  it  irregular  and  uncertain  in  its  approaches,  navi- 
gation would  be  at  a ftand.  But  being  conftant  in  its- 
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dilated  period,  and  never  exceeding  its  appointed  bound*, 
at  does  no  prejudice  to  the  country,  and  ferves  all  the 
ends  of  traffic. 

Is  the  failor  returned  from  his  voyage?  The  flux  is 
ready  to  convey  his  veflel  to  the  very  doors  of  the 
.owner,  without  any  hazard  of  ftriking  on  the  rocks, 
or  of  being  fattened  in  the  fands.  Has  the  merchant 
freighted  his  fhip  ? The  reflux  bears  it  away  with  the 
utmoft  expedition  and  fafety.  Behold,  O man,  how 
highly  thou  art  favoured  by  thy  Maker  ! **  He  hath 

sput  all  things  in  fubje&ion  under  thy  feet.  All  fheep 
and  oxen,  all  the  beafts  of  the  field  : the  fowls  of  the 
_air,  and  the  fifties  of  the  fea.”  Yea,  the  furges  of  the 
fea  are  fubfervient  to  thee.  Even  thefe,  wild  and  im- 
petuous as  they  are,  are  ready  to  receive  thy  load,  and 
like  an  indefatigable  beaft  of  burden,  carry  it  to  the 
place  which  thou  chufeft. 

What  preferves  this  vaft  flood  in  perpetual  purity  ? 
It  receives  the  refufe  and  filth  of  the  whole  world. 
Whatever  would  defile  the  land  and  pollute  $he  air,  is 
tranfmitted  to  the  ocean.  How  then  is  this  receptacle 
of  every  nuifance  kept  clean,  kept  from  contra&ing  a 
Oioifome  and  peftilential  taint  ? It  is  partly  by  its  in- 
.^ceflant  motion,  and  partly  by  its  faltnefs.  By  the  one 
it  is  fecured  from; any  in ternahprinciple. of  corruption^ 
vby  the  other  at  works  itfelf  clear  of  any  adventitious 
^defilement. 

Confider  fhe,  fea  in  another  capacity,  and  it  connects 
cthe  remoteft  realms  of  the  univerfe,  by  facilitating  the 
intercourse,  between  their  refpedive  inhabitants.  The 
ancientsindeed  looked  on  the  ocean,  as  an  impaflable 
gulf.  .But  we  find  4t  juft  the  reverfe  ; not  a bar  pf  fe- 
Nparatiwi,  b$xt  die  great  bond  of  union,  for  this  pur- 
' pofe  it  is  never  exhaufted,  though  it  fupplies  the  whole 
earth  with  rain  : nor  overflow*,  though  all  the  rivers 
in  the  univerfe  are  perpetually  augmenting  its  ft  ores. 
By  means  of  this  we  travel  farther,  than  birds  of  the 
itrongeft  pinions  fly*  We  crofs  the  flaming  line,  vifit 
the  frozen  pole,  and  wing  our  way  even  round  the 
globe. 

What  a multitude  of  {hips  are  continually  patting 
knd  repafling  this  univerfal  thorough-fare  ! Whole 
Jsaryefts  of  .corn  and  vintages  of  wine,  lodged  in  vola- 
tile 
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tile  ftore-houfes,  are  wafted  by  the  breath  of  heaven,  t# 
the  very  ends  of  the  earth  : wafted,  enormous  and  un- 
wieldly  as  they  are,  almofl  as  fpeedily  as  the  roe 
bounds  over  the  hills. 

Aftonilhing,  that  an  element  > fo  unllable,  fhould 
bear  fo  immehfe  a weight  ! That  the  thin  air  fhould 
, drive  on  With  fuch  fpeed  thofe  vaft  bodies,  which  the 
ftrength  of  a legion  could  fcarce  move  ! That  the  air 
and  water  fhould  carry  to  the  diftance  of  many  thou- 
fand  miles,  what  the  united  force  of  men  and  machines 
could  fcarce  drag  a Angle  yard  ! “ Great  and  mar- 

vellous are  thy  works,  O Lord  God  Almighty  !” 

How  are  the  mariners  conducted  through  this  fluid 
common,  than  which  nothing  is  more  wide  or  more 
wild  ? Here  is  no  traCt,  no  pofts  of  direction,  nor 
any  hut  where  the  traveller  may  afk  his  way.  Are 
they  guided  by  a pillar  of  fire  ? No,  but  by  a mean, 
and  otherwife  worthlefs  foffil.  Till  this  furprifing 
ftone  was  difcovered,  (hips  crept  timoroufly  along  the 
coafts.  But  this  guides  them,  when  nothing  but  Ikies 
are  feen  above,  and  nothing  but  feas  below.  This 
gives  intelligence  that  fhines  clear  in  the  thickeft  dark- 
nefs,  and  remains  fteady  in  the  moft  tempeftuous  agi- 
tations. This  emboldens  us  to  launch  into  the  heart 
of  the  ocean,  and  to  range  from  pole  to  pole. 

By  this  means  are  imported  to  our  iflands  the  choice 
productions  of  every  nation  under  heaven.  Every  tide 
conveys  into  our  ports,  the  treafures  of  the  remetefl 
climes.  And  almoft  every  private  houfe  in  the  king- 
dom, is  accommodated  from  the  four  quarters  of  the 
globe.  At  the  fame  time  that  the  fea  adorns  the 
'abodes  of  the  rich,  it  employs  the  hands  of  the  poot. 
What  a multitude  of  people  acquire  a livelihood,  by 
preparing  commodities  for  exportation  ? And  what  a 
multitude  by  manufacturing  the  wares  imported  from: 
abroad  ? Thusthough  it  is  a falfe  fuppofition,  that  the 
,'waters  themfelves  are  ftrained  through -fubtefranean 
praflages  into  the  inland  countries,  yet  it  is  trtie,  that 
their  effects  are  transfufed  into  every  town,  every  ham- 
let and  every  cottage.”  . *. 

jl  * m " • 

| beg  leave  to  infert  here  what  could  not  properly 
come  in  under  any  of  the  preceding  articles. 
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It  is  a curious  remark,  which  Dr.  Cheyne  makes 
concerning  fluids  in  general.  “ I take  notice,  firft  of 
the  fewnefs  of  the  original  fluids,  in  refpeft  of  the  vafl 
number  of  compound  ones.  The  primary  ones  hither, 
to  known  are  only  four,  air,  water,  mercury,  and 
light,  three  of  which  are  fddom  much  compounded 
with  others  ; fo  that  it  is  water  alone,  that  is  the  ba* 
iis  of  all  our  mixtures.  It  is  the  parts  of  folid  bodies 
floating  in  this  fluid,  that  produce  all  our  delightful 
and  ufeful  varieties  of  liquors  : fo  frugal  is  nature  in 
principals,  and  fo  fruitful  in  effefls  and  compofitions. 

Take  notice,  2dly,  Of  the  great  difference  between  the 
fpecific  gravities  of  our  fluids,  mercury  being  eight 
thoufand  times  heavier  than  air.  Now  not  to  mention 
the  many  ufes  of  this  laft  fluid  in  artificers  works,  had 
air  been  as  heavy  as  mercury  it  had  been  altogether 
ufelefs  in  refpiration  : it  had  choked  us  immediately. 

And  had  there  not  been  a fluid  of  the  fame  weight  with 
mercury,  i.  e.  a colleftion  of  exceeding  fmall,  heavy 
Spherules,  in  the  prefent  circumftances  of  mankind,  I 
,do  not  know  what  a great  part  of  the  world  would  have 
done.  Tor  the  wickednefs  of  mankind,  has  brought 
•many  difeafes  to  that  degree  of  malignity,  that  a tho- 
rough cure  could  fcarce  be  made  of  them  without  this 
fluid.  But  by  the  gravity  of  this,  a remedy  is  provid- 
ed for  all  thefe  maladies,  which  are  more  than  two  or 
three.  But  that  which  is.  moft  wonderful  in  thefe 
fluids  is,  3dly,  That  univerfal  property,  the  diredlion 
of  their  preffure  upon  the  fides  of  the  containing  ve£ 
fel.  In  all  fluids  of  whatsoever  kind  or  nature  this 
preffure  is  communicated  in  lines  perpendicular  to  the 
fides  of  the  containing  veffel.  And  indeed  this  proper.  " . 

ty  of  fluids,  which  is  fo  uniform,  is  the  neceffary  con- 
. fequence  ©f  the  fphericity  of  their  conftituent  particles.  * > 

Now,  could  any  thing  but  the  almighty  power  of 
God,  have  rounded  thofe  infinite  numbers  of  fmall 
particles  ? Or  could  any  thing  but  his  wifdom  have 
afligned  them  their  true  dimenfions,  their  exafl  weights, 
and  required  folidities  ? We  fhall  allow  him  to  conti- 
nue in  his  infidelity,  who  can  demonftrate  by  what 
laws  of  mechanifm,  all  the  particles  of  water  were 
turned  of  the  fame  diameters,  folidity,  and  weight  ; 

. and  thofe  of  air,  mercury,  and  light  turned  all  of  dif- 
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ferent  diameters,  folidities,  and  weights  from  one  ano- 
ther 5 but  all  of  the  fame  diameters,  folidities,  and 
weights  among  themfelves.  And  what  a beautiful 
idea  of  this  fluid  do  Sir  Ifaac  Newton’s  later  difcove- 
ries  prefent  us  with  ? Every  ray  is  endowed  with  its 
own  colour,  and  its  different  degree,  of  refrangibility 
and  reflexibility.  One  ray  is  violet,  another  indigo,  a 
third  blue,  a fourth  green,  a fifth  yellow,  a fixth 
orange,  and  the  laft  red.  And  thefe  are  the  primary 
and  original  colours,  from  the  mixture  whereof  all  the 
intermediate  ones  proceed  ; and  white  from  an  equal 
mixture  of  the  whole  ; black  on  the  contrary,  from  the 
fmall  quantity  of  any  of  them  being  refleded  5 or  all 
of  them  in  a great  meafure  fuffocated.  So  that  it  is 
not  properly  bodies  that  are  coloured,  but  the  light 
that  falls  upon  them  ; and  their  colours  arife  from  their 
aptitude,,  to  refled  rays  of  one  colour,  and  tranfmit  all 
thofe  of  another.  The  prominent  little  parts,  upon 
their  furface,  according  to  their  different  degree  of 
denfity  and  thinnefs,  are  apt  to  refled  back  upon  our 
organ,  rays  of  one  colour,  and  of  one  degree  of  re- 
* frangibility  and  reflexibility,  and  to  let  others  pals 
through  their  pores.  And  this  one  colour  too  is  lefs  or 
more  intenle,  according  as  their  prominent  parts  are  of 
different  denfities.  For  the  firft  degrees  of  intenfenefs,  < 
in  all  the  primary  colours,  feem  to  arife  from  the  de- 
grees of  denfity  and  thinnefs  ; and  the  fubfequent  de- 
grees, from  the  other  different  degrees  of  thicknefs,  or 
thinnefs  of  the  prominent  little  parts  of  the  furfaces  of 
bodies.  Light  ads  upon  bodies  by  heating,  diffolving, 
and  putting  their  parts  into  a vibrating  motion. . Bo- 
dies ad  upon  light,  in  drawing  its  parts  to  them,  and 
that  in  lines  perpendicular  to  their  furfaces.  And  as 
there  may  be  different  degrees  of  attradion  in  bodies, 
.which  produce  their  different  degrees  of  elafticity  and 
cohefion,  fo  there  muff  be  different  degrees  of  attrac- 
tion in  mediums  fuppofed,  to  account  for  their  diffe- 
rent powers,  in  bringing  the  refraded  rays  nearer  to, 

• or  farther  from  the  perpendicular.  For  it  is  well 
known  all  mediums  have  not  the  fame  refradive  virtue. 

Now  what  a beautiful,  uniform,  and  Ample  theory  of 
light  is  here  ! This  is  fo  very  like  the  frugal  fimplici- 
ty,  and  yet  the  manifold  variety  of  nature,  that  one 

would 
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would  be  almoft  tempted  to  believe  it  true,  were  there 
no  experiment  to  confirm  it.  We  may  obferve  one 
' more  inftance  of  the  wonderful  wifdom  of  nature,  in 
the  propagation  of  light,  viz.  That  a ray  of  light  in 
pafling  from  a luminous  point,  through  two  different- 
_ ly  refracting  mediums,  to  illuminate  a given  point, 
fpends  the  leafl  time  ( the  refracting  powers  of  the  feve- 
ral  mediums  confidered)  pofiible;  and  confequently 
when  a ray  pafles  through  one  medium,  from  a lumi- 
nous point  to  reflect  upon  a given  point,  it  takes  the 
lhorteft  way  pofiible.-  This  the  geometers  have  de- 
monftrated.  Now  is  not  this  an  inftance  of  counfel 
\ and  defign  ? Is  not  this  like  the  methods  of  wifdom, 
which  will  not  fpend  more  time  on  a thing  than  juft 
what  is  neceflary  to  do  the  bufinefs ; which  will  not  go 
about,  but  take  the  lhorteft  courfe  pofiible  that  will 
bring  it  to  the  place  defigned 

The  ifiands  of,  Scilly  have  been  fo  noted  among  the 
. ancients,  one  might  expeCt  to  find  among  the  inhabi- 
tants fome  confcioufnefs  of  their  own  antiquity,  and 
of  their  appearance  in  hiftory  before  the  other  parts  of 
Britain  were  at  all  known.  But  there  is  nothing  of 
this  kind ; the  inhabitants  are  all  new  comers,  not  an 
old  habitation  worth  notice,  nor  any  remains  of 
Phoenician,  Grecian,  or  Roman  arts,  either  in  town, 
caftle,  port,  temple,  or  fculpture. 

We  are  not  to  think  however,  but  Scilly  was  inha- 
bited, and  was  frequently  reforted  to  anciently,  as  the 
oldhiftorians  relate.  AU  the  ifiands  (feveralof  which 
are  now  without  inhabitants)  by  the  remains  of  walls, 
foundations  of  many  contiguous  houies,  and  a great 
number  of  fepulchral  burrows,  Ihew,  that  they  have 
been  fully  cultivated  and  inhabited.  - 

That  they  were  inhabited  by  Britons,  is  paft  all ' 
doubt,  not  only  from  their  neighbourhood  to  England, 
but  from  the  Druid  monuments.  Several  rude  done 
pillars,  circles  of  ftone  ereCt,  rock-bafons  : all  monu- 
ments common  in  Cornwall  and  Wales,  are  equal  evi- 
dences of  the  antiquity,  religion,  and  original  of  the 
old  inhabitants. 

How  came  thefe  ancient  inhabitants  then  (it  may  be 
afited)  to  vanilh,  fo  as  that  the  prefent  have  no  preten- 
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Alexis  of  any  affinity  of  any  kind  with  them,  either  ii* 
fcloed,  language,  or  cuftoms  ? How  came  they  \Q 
difappear,  and  leave  fo  few  traces  of  plenty,  or  arts, 
and  no  pofterity  behind  them  ? From  two  caufes  ; the 
xnanifeft  encroachments  of  the  fea,  and  manifeft  a 
fnbfidence  of  fome  parts  of  the  land. 

The  fea  is  the  infatiable  monfter  which  devours  i £ 
Jands,  gorges  itfelf  with  the  earth,  fand,  clay,  and  aU 
the  yielding  parts,  and  leaves  nothing  where  it  can 
reach,  but  the  ikeleton,  the  bared  rock.  The  conti- 
nual advances,  which  the  fea  makes  upon  the  low  lands, , 
are  plain  to  all  people  .of  obfervation.  What  we  fee 
happening  every  day  may  aflure  uS  of  what  has  hap;- 
pened  in  former  times  | and  from  the  banks  of  fand 
and  earth  giving  way  to  the  fea,  and  the  breaches  be* 
coming  ftill  more  open,  and  irrecoverable  ; it  appears, 
that  repeated  tempefts  have  occaitoned  a gradual  dilfo 
Jutionjof  the  folids  for  many  ages.  * 

Again,  the  flats  which  ftretch  from  one  ifland  to  the 
ether,  are  plain  evidences  of  a former  runion  between  x 
many  now  diftinfi  iflands.  The  flats  between  fome  of 
them  are  quite  dry  at  a fpring-tide,'  and  men  eafily 
pafs  dry  fhod  from  one  ifland  to  the  other,  oyer  fand* 
banks  where,  upon  the  ftiifting  the  fands,  walls  and 
xuins  are  difeovered  frequently,  upon  which  at  full  fea 
there  are  ten  and  twelve  feet  of  wat&r.  All  ftrong  ar- 
guments that  thefe  iflands  were  .once  one  continued 
tra&  of  land,  though  now  as  to  their  low  lands  over* 
xun  with  the  fea  and  fand.  Hi  ft  or  y confirms  their  for* 
;mer  union  u The  ifles  Caffiterides  ( fays  Strabo)  are 
ten  in  number,  clofe  to  one  another  * one  of  them  js 
defert  and  unpeopled,  the  reft  are  inhabited.”  But 
fee  how  the  fea  has  multiplied  thefe  iflands  i There 
* are  now  reckoned  one  hundred  and  forty.  Into  fc  ma- 
ny fragments  are  they  divided,  and  yet  there  are  left 
fix  inhabited.  ^But  no  circumftance  can  (hew  the  great 
alterations,  which  have  happened  in  the  number  and 
extent  of  thefe  iflands,  more  than  this,  viz.  that  the 
\ ifle  of  Scilly,  from  which  the  little  citrfter  takes  its— 

name,  is  no  more  at  prefent  than  a high  rock,  of  about 
a furlong  over,  whole  cliffs  hardly  any  thing  but  birds 
can  mount,  and  whofe  barrennefs  could  never  fuffer 

any  thing  but  fea-birds  to  inhabit  it.  How  then  came 
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all  thefe  iflands  to  have  their  general  name  from  fuch  a 
' fmall  and  ufelefs  plot  ? 

Doubtlefs  Scilly,  which  is  now  a bare  rock,  and  fe- 
parate  from  the  lands  of  Guel  and  Brehar  by  a narrow 
frith,  was  formerly  joined  to  them  by  low  necks  of 
land,  being  the  rocky  promontory  of  one  large  ifland 
now  broke  into  feven.  This  promontory  (at  prefent 
called  Scilly-ifland)  lying  weftermoft  of  all  the  high 
lands,  was  the  firft  land  of  all  the  iflands  difcemed  by* 
the  traders  from  the  Mediterranean.and  Spanifli  coafts, 
and,  as  foon  as  difcovered  was  faid  to  be  Scilly,  no- 
thing being  more  ufual  with  failors,  upon  their  firft 
feeing  land,  than  to  call  the  part  by  the  whole.  But  - 
when  this  confiderable  ifland  called  Scilly  was  broken 
to  pieces,  the  greateft  portions  became  inhabited,  and 
had  firft  Britilh  names,  as  Brehar,  Trefeaw,  Enmor  ; 
but  afterwards  were  called  according  to  the  religion  of 
the  times,  after  the  names  of  particular  faints.  The 
chief  divifion  was  intitled  St.  Mary’s,  the  others  dedi- 
cated to  St.  Nicholas,  St.  Martin,  St.  Theon,  and  fa 
on  j but  this  remarkable  promontory  being  in  no  wife 
fit  for  habitation  or  devotion,  was  dedicated  to  no  faint, 
but  left  to  enjoy  its-  ancient  name  ; and  notwithftading 
the  modern  Chriftian  dedications,  failors  went  on  in 
their  old  way.  This  high  land  is  flill  called  Scilly, 
and  the  iflands  in  general  are  ftill  denominated  Scilly- 
ifles. 

It  muft  have  been  a difpiriting  circumftance  to  the  •' 
old  inhabitants,  to  fee  the  ocean  fo  continually  eating 
away  their  low-lands,  in  which  they  had  their  trea-  _ 
fures  of  tin,  their  houfes  and  ports  i but  this  gradual 
decay  was  not  the  only  misfortune  which  attended 
them,  From  the  ifland  of  Sampfon,  one  may  fee  the 
foundations  of  ftone  fences  running  on  in  a ftrait  line 
crofs  the  frith,  towards  Trefcaw-iue,  till  they  are  hid 
in  the  fand  ; which  fafid,  when  it  is  full  tide,  has 
from  ten  to  twelve  feet  water  on  it.  Now  we  cannot 
fiippofe  that  the  foundation  of  thefe  fences  was  lkid  as 
i low  as  high*  water  mark,-  (for  who  could  build  fences  - 
upon  fir  dangerous  a level  ?)  At  d medium  we  may*  * 
fuppofc  them  to  have  been  laid  fix  feet  above  the  full 

tide. 
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’Here 'then  we  have  the  foundations,  Which  werefyc 
feet  above  the  high-water  mark,  now  ten  feet  under, 
which  together  puke  a difference  as.to  the  level  of  fir- 
teen  feet. 

. Here  then  was  a great  fubfidence,  which  muft  have 
been  followed  by  a fudden  inundation,  and  this  inun- 
dation, is  likely  not  only  to  have  deftrdyed  a great  part 
''.of  the  inhabitants,  but  to  have  terrified  others  who 
^fiirvived  into  a total  defertion  of  their  fluttered  i (lands. 

3y  this  means  that  confiderable  people,  who  were  the 
Aborigines,  and  carried  on  the  tin-trade  ;with  the  Phoe- 
nicians, Greeks,  and  Romans,  were  reduced  to  the 
laft  gafp.  The  few  poor  remains  of  this  defolation,  by 
•their  neceffary  attention ' to  food  and  raiment,  muft 
foon  have  loft  fight  of  their  ancient  profperity,  and  the  - 
-faint  remembrance  that  was  left  of  what  die  iilands 
had  been  before,  expired  of  itfelf  in  an  age  or  two, 
through  the  indigence  of  the  inhabitants. 

That  fuch  an  inundation  has  happened  here,  is  ftill 
more  plain,  becaufe  thefe  iflands  are  no  longer  what 
they  were  anciently,  fertile  in  fin.:  nor  .are  there  any 
remains  of  fomany  ancient  workings  as.could  maintain 
a trade  fo  greedily  coveted  by  the  .ancients.  But 
what  is  become  of  thofe  mines  .?  How  (hall  this  ques- 
tion be  anfwered,  but  by  confeffing  that  the  land,  ip 
which  they  were,  is  now  funk,  and  buried  under  the 
Jea  ? - ' * 

I am  not  -fond  of  introducing  -earthquakes  ; but 
where  there  has  been  evidently  a great  fubfidence  of 
the  earth’s  furface,  can  it.be  accounted  for  at  all  with- 
out a previous  cpneuffion  of  the  earth  -?  And  what 
nature  declares  in  this  xafe,  tradition  leems  to  confirm; 
there  being  a ftrong  perfpafiop  in  the  weftem  parts  of 
- Cornwall,  that  formerly  there  exifted  a large  country 
between  the  Land’s  End  and  Scillv,  now  laid  many 
fathoms  under  water.  Indeed  there  are  no  evidences 
of  aDy  ancient  connexion  of  the  Land’s  End  and  Scil- 
ty.  .'Yet  that  the  eaufe  of  that  inundation,  -which  de- 
ffroyed  much  of  thefe  iflands,  might  reach  alfo  rto  the 
Corpifli  fliores,  is  extremely  probable;  there  being  fe- 
ver al  evidences  of  a like  fubfidence  of  the  land  in 
Mount’srBay.  The  principal  anchoring-place,  called 
a lake,  is  now  a hay  en  or  open  harbour.  The  mount 
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ftdm  its  Corhifli  name,  we  mu  ft  conclude  to  have  ftodd 
formerly  in  a wood  ; but  now  at  full  tide,  it  is  half  a" 
ihile  in  the  fea,  and  not  a tree  near  it y and  in  the  Tan- 
dy beach  betwixt  the  Mount  and  Penzance,  - when  thef 
fknds  have  been  difperfed  by  violent  high  tides,  there* 
have  been  feen  the  trunks  of  feveral  large  trees  in  their 
natural  pofition,  the  lurface  of  theit  feftion  worn 
fmooth  by  the  agitation  of  the  water,  fand,  and  gravely 
as  if  cut  with  an  axe,  upon  which  at  every  full  tide,* 
there  muft  be  twelvfc  feet  water  fo  that  the  fhores 
in  Scilly,  and  the  neighbouring  fhores  ‘ of  Corn*' 
wall  are  concurrent  evidences  of  fuch  a fubfidence,  and 
the  memory  of  the  inundations,  which  were  the  necefV 
fary  confequences  of  'it*  is  preferved  in  tradition  ** 
though  like  other  traditions,  in  proportion  to  their  age* 
obfcured  by  fable. 

* That*  there  has  been  fuch  a fubfidence  of  the  landsj 
belonging  to  thefe  iflands,  the  prefent  ruins  of  the  if- 
lands  teftify.  And;  this  fubfidence  reached  even  to 
Mount VBay,  and  laid  under  water  a great  part  of  the* 
Ibw-landS  then  Wbody,  there  being  now  ten  feet  water,* 
fo,  that  the  fhores  in  Scilly  and  the  fhores  in  Corn* 
>Vall,  are  equal  proofs  of  fuch  an  inundation.  When 
this  inundation  happened,  we  know  not  ; but  two 
pieces  of  hiftory  poffibly  may  lead  us  near  the  time.  In3 
the  time  of  Strabo  and  Diodorus  Siculus,  their  com- 
merce was*  ill4  full  vigour. , “ Abundance  of  tin  was 
Carried  in  carts,”  fays  Diodorus  Siculus.  “ But  ten' 
iflands  in  all  (fays  Strabo)  and  nine  of  thofe  inhabited.” 
The  deftru&ion  therefore  of  Scilly  muft  be  placed  after 
the  time  of  thefe  authors ; that  is,  after  the  Auguftan* 
age. 

Now  Plutarch  hints,  that  the  Iflands  round  Britain’ 
were  generally  unpeopled  in  his  time.  If  he  includes 
Scilly  among  them,  then  this  defolation  mnft  have 
happened  between  the  reign  of  Trajan,  and  that  of 
Auguftus. 

15.  At  the  mouth  of  the  river  Nefs.  near  Burgefpu, 
in  Flanders,  at  the  depth  of  fifty  feet,  are  found  great 
quantities  of  trees  lying  as  clofe  to  each  other,  as  they 
do  in  a'  wood;1  the  trunks,  the  branches,  and  the 
leaves,  are  in.  fuch  perfeft  prefervation,  that  the  parti- 
cular 
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eular  kind  of  each  tree  may  be  known.  About  five  hun- 
dred years  ago  this  very  ground  was  known  to  have 
been  covered  with  the  fea  ; nor  is  there  any  hiftory  of 
its  having  been  dry  ground,  which  no  doubt  muft 
have  been  the  cafe.  Thus  we  fee  a country  floutifli- 
ing  in  verdure,  producing  large  forefts,  and  trees  of 
various  kinds,  overwhelmed  by  the  fea.  We  fee  this 
element  depofiting  its  fediment  to  a height  of  fifty 
feet ; and  its  waters  muft,  therefore  have  rifen  much 
higher.  We  fee  the  fame  after  it  has  thus  overwhelm- 
ed, and  funk  the  land  lb  deep  beneath  its  ilime,  capri- 
fioufly  retiring  from  the  fame  coafts,  and  leaving  it 
habitable  once  more.  All  this  is  wonderful,  and  per- 
haps inftead  of  attempting  to  inquire  after  the  caufe, 
it  will  beft  become  us  to  reft  fatisfied  with  admiration. 

At  the  city  of  Modena  in  Italy,  about  four  miles 
found  it,  whenever  they  dig,  when  the  workmen  ar- 
rive at  the  depth  of  fixty. three  feet,  they  come  to  abed 
df  chalk,  which  they  bore  with  an  augre  five  feet  deep. 
They  then  withdraw  frOni  the  pit,  before  the  augre  is 
removed,  and  upon  its  extraction,  the  waters  burft  up 
through  the  aperture  with  great  violence.  That 
which  is  moft  remarkable  in  the  operation  is  the  layers 
pf  earth*  as  we  defcend.  At  the  depth  of  fourteen 
feet  are  found  tlie  ruins  of  an  ancient  city,  paved 
ftreets,  houfes,  floors,  and  different  pieces  of  Mofaic. 
Under  this  is"  found  a folid  earth,  that  one  would  ima- 
gine had  never  been  removed  ; however,  under  it  is 
found  a foft  oozy  earth,  made  up  of  vegetables  ; and 
at  twenty-fix  feet  deep,  large  trees  entire,  fuch  as  wal- 
nut-trees, with  the  walnuts  ftill  flicking  on  the  ftem, 
and  their  leaves  and  branches  in  exaCt  prefervation. 
At  twenty-eight  feet  deep  a foft  chalk  is  found  mixed 
wife  a vaft  quantity  of  lhells,  and  this  bed  is  eleven 
feet."  thick.  Under  this  vegetables  are  found  again 
with  leaves  and  branches  of  trees  as  before  ; and  thus 
alternately  chalk  and  vegetable,  earth,  to  the  depth  of 
fixty-three  feet.  Thefe  are  the  layers  whenever  the 
i workmen  bore  ; while  in  many  of  them  they  alfo  find 
pieces  of  charcoal,  bones,  and  bits  of  iron.  From  this 
delcription  it  appears,  that  this  country  has  been  alter- 
nately overflowed  and  deferted  by  the  fea,  one  age  af- 
.fer  another  : nor  were  thefe  overflowings  and  retirings 
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©f  tnffirfg  depths,  or  of  fhort  continuance#  When  the' 
fea  burft  in>  it  mud  have  been  along  time  in  overflow- 
ing the  branches  of  the  fallen,  foreft  with  its  fediment ; 
and  Hill  longer  in  forming  a regular  bed  of  fhells;  eleven  * 
feet  thick  over  them.  It  mutt  have  therefore  taken  an 
age,  at  leaft  to  make  any  one  of  thefe  layers  ; and  we 
may  conclude^  that  it  mutt  have  been  many  ages  em- 
ployed in  the  production  of  them  all.  The  land  alfo,- 
tipon  being  deferted,  mutt  have  had  time  to  grow 
Compact,  and  to  be  drained  of  its  waters  before  it  could! 
be  difpofed  to  vegetation*. 

Likewife  in  cutting  a channel  for  the  canal  of  New- 
ryy  in  Ireland,  a gre^t  multitude  of  fallen  trees  war* 
discovered,  lying  near  two  miles  in  length,  and  in  ma- 
ny places,  fix  or  eight  feet  deep.'  Many  of  thefe  are 
very  large,  and  are'  tumbled  down  one  over  another,’ 
fome  lying  in  ffrait  lines,  and  others  in  an  oblique  or 
tranfverfe  pofition.  If  trees  thus  found  had  been 
felled  by  the'  deluge,  (as  undoubtedly  others  were) 
they  would  all  lie  in  one  pofition.  But  this  is  not  the 
cafe.  We  mutt  therefore  feek  for  other  caufes.  And 
one'  caufe  feemr  to*  have  been  this.  . If  water  flowing* 
either  from  fprings  or  ftreams  be  ftopt,  it  naturaly  fof- 
tens  and  loofens  the  earth  ; and  in  courfe  of  time,  even 
to  the  roots  of  trees,  which  are  then  fubjeCt  to  be  over- 
turned by  any  violent  ftorm.  This  doubtlefs  was  thtf 
cafe  with  moil  of  thofe  trees,  that  are  found  in  bogs 
with  the  roots  adhering  tolhem.  Trees  thus  falling 
fink  into  the  yielding  foil,  and  caufe  a farther  floppage 
in  the  courfe  of  the  waters.  Hence  the  loofe  earth  is 
increafed,  by  a yearly  acceflion  of  fcurf,  mofs,  grafs* 
and  weeds.  Add to'  this,  that  the  higher  lands  being 
gradually  diffolved  by  repeated  rains,  and  wafhed 
down  by  floods,  in  a long  courfe  of  years,  cover  the 
lower  grounds  with  frefh  layers  of  earth.  This  being 
fo,  it  is  not  ftrange  to  find  trees  buried  eight  or  tea 
Feet  under  the  earth. 

Another  caufe  may  be  this.  Various  colonies  from 
time  to  time  arriving  in  the  then  uncultivated  country 
of  Ireland,  would  naturally  make  room  for  tillage  and 
pafture,  by  clearing  the  ground  of  its  forefts.  This 
was  certainly  the  cafe,  where  we  find  in  bogs,  ttees 
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partly  burned,  and  others  bearing  the  mark  of  the  axe. 
But  fometimes  thefe  colonies  were  driven  by  the  na- 
tives from  their  intended  fettlements,  leaving  the  trees 
they  had  felled,  ftrewed  over  the  plain,  which  flopping 
the  waters,  of  courfe  created  bogs,  that  in  procefs  of 
time  covered  thofe  trees  to  a confiderable  depth.  Nay, 
as  late  as  1561,  Tyrone  and  O’Donnel  marching  to- 
ward Kinfale  through  Connaught,  and  laying  the 
country  wafte,  - there  is  a great  trad  of  ground,  now  a 
bog,  which  was  then  ploughed  land. 

That  bogs  in  general  grow  but  (lowly  may  be  ga- 
thered from  a lump  of  coins  of  Edward  IV.  ( probably 
loft  in  a purfe  which  rotted  away)  taken  up  in  a bog  in 
Yorkfhire,  eighteen  feet  deep.  This  was  about  300 
years  before.  So  the  bog  had  grown  about  a foot  in 
eleven  years,  that  is,  foroewhat  above  an  inch  in  a 
year : although  fome  feem  to  grow  much  fafter.- 

Much  more  ancient  is  the  great  level,  or  fenny 
ground,  which  contains  about  300,000  acres,  lying  in 
the  counties  of  Norfolk,  Suffolk,  Cambridge,  the  Ifle 
of  Ely,  Huntingdon,  Northampton,  and  Lincoln. 
This  was  once  firm  land.  There  have  been  found 
therein  ftones,  bricks,  and  other  materials  for  build- 
ing. In  fetting  down  a fluice,  there  was  found  fixteen 
feet  deep,  a fmith’s  forge,  and  all  the  tools  thereunto 
belonging.  William  of  Malm  (bury,  who  lived  1200 
years  ago,  fays  that  in  his  time,  “ The  trees  which 
grew  there,  fmooth  and  ftrait,  were  fo  tall  that  they 
teemed  to  touch  the  ftars.  A .plain  there  is,  as  even 
. as  the  fea,  which  with  the  green  grafs,  allures  the 
eye ; and  there  is  not  the  leaft  parcel  of  ground  that 
lies  wafte  and  void.  Here  you  fee  plantations  of 
fruit-trees;  there  a field  fet  writh  vines,  part  creeping 
' on  the  ground,  part  mounting  on  high'  poles.”  But 
"how  came  it  to  be  reduced  to  fo  very  different  a ftate  ? 
' It  feems  the  ocean  broke  in  upon  it,  with  fuch  refiftlefs 
violence,  that  the  buildings  throughout  the  whole 
{pace  was  overturned,  and  the-trees  tom  up  by  the 
roots.  The  amazing  quantity  of  lilt  thrown  up  at  the 
fame  time,  covered  the  whole  country,  even  to  the 
verge  of  the  Highlands,  feven,  eight,  or  even  ten  feet 
deep.  Hence  a few  years  fince,  in  digging  a pool, 
there  was  found  at  the  upper  (kirts  of  the  level,  the 
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•fltelefon  of  a large  filh,  near  twenty  feet  long,  lodged 
In  flit  above  fix  feet  below  the  furface  of  the  ground. 
Yet  how  or  when  this  inundation  was,  we  are  not  able 
to  determine.  Whenever  it  was,  it  was  probably  oc- 
casioned by  a violent  earthquake. 

A late  writer  gives  the  following  account  of  the  na- 
tural origin  of  bogs  in  Ireland.  Some  of  thefe  have 
vaft  quantities  of  timber  under  them ; others  have  very 
: little.  But  the  furface  of  all  is  covered  with  a Short, 
thick,  and  matted  kind  of  heath.  This  as  it  grows,  * 
and  thickens  at  the  top,  vegetates  at  the  bottom  into 
a clofe  texture,  which  being  replete  with  moifture, 
throws  out  annual  growths  of  this  ramified  heath,  part 
of  which  dies  every  winter,  and  moulders  at  the  bot- 
tom, .where  it  forms  another  ftratum,  from  which  at 
fpring  comes  a new  crop  of.  heath.  And  thus  as 
- thefe  ftrata  of  mouldered  heath  are  annually  repeat- 
ed, the  roots  increafe,  and  at  once  extend  higher,  - 
and  are  more  confolidated  at  the  bottom.  Hence  the 
turf  is  ever  found  of  a clofer  texture,  as  we  defcend 
'•  deeper  in  the  bog. 

The  turf  is  itfelf  only  a clofely  concreted  combina-' 
tion  of  the  roots  of  this  heath,  which  univerfally 
grows  on  the  fiirface  of  thefe  bogs  ; not  the  produce 
of  the  trees  which  are  at  the  bottom.-.  Wherever  thefe 
were  thrown  down,  feme  earth  would  be  waffaed 
down  upon  them  from  the  adjacent  grounds,  the 
furface  of  which  every  where  produces  this  heath.  - 
And  this  being  now  fupplied  with  conftant  moifture,  * 
would  throw  out  a more  plentiful  growth. 

The  fame  caufe  produces  thefe  bogs  on  the  fides  or' 
even  tops  of  mountains.  But  it  is  ever  in  wet  grounds, 

■ or  in  flats  on  the  fide  of  hills  where  the  water  fettles, 
-and  fupplies  them  with  moifture. 

There  feems  indeed  to  be  a fpungy  quality  in  this 
heath,  which  prevents  the  moiftures  finking  away 
from  it,  by  an  attraction  of  the  fluids,  by  an  infi- 
. iiite  number  of  capillary,  fibres,  which  are  the  very 
fubftance  of  it.  At  the  bottom  of  thefe  mountain- 
bogs^  no  trees  are  found.  And  very  few  in  the 
. larged  bogs,  unlefs  on  the  Ikivts  of  them. 

The  turf  then  from  top.  to  bottom  is  .entirely  the 
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’ produce  of  a vegetation  from  itfelf.  And  the  reafon 
why  Ireland  produces  fo  many  turf-bogs,  is  becauie 
it.fo  abounds  with  the  feeds  of  this  heath,  which  is 
. every  Sphere  found  where  the  land  is  uncultivated,  and 
forms  bogs  wherever  it  has  proper  moifture. 

Gur  marie  is  found  only  in  the  bottom  of  low  bogs, 

3t  the  depth  of  feven,  eight,  or  nine  feet.  For  three 
feet  is  3 fpungy  fort  of  earth,  then  gravel  for  about 
- half  a foot.  For  about  three  feet  more  is  a fpungy 
earth,  mixed  with  timber,  but  fo  rotten,  that  it  cuts 
like  earth.  Next  this  for  the  depth  of  three  inches 
v.  we  find  leaves,  that  are  fair  to  the  eye,  but  will  not 
■ bear  a touch.  With  thefe  are  fometimes  mixed 
f heaps  of  feed,  which  feem  to  be  broom  or  furze 
• feed : nay,  in  one  place,  what  feemed  to  be  goofe- 
: berries  and  currants,  was  found,  and  fea-weed  in 
r others.  Under  this  was  blue  clay  half  a foot  thick, 

. thoroughly  mired  with  fliells,  as  was  alfo  the  marie, 
which  lay  next,  three  or  four  feet  deep.  They  are 
. fhells  of  periwinkles  ; and  among  thefe  are  large  horns 
. and  bones  anfwerable  thereto.  But  it  is  not  only  in 
bogs  that  fubterraneous  trees  are  found  ; nor  in  Ire- 
. land  only,  but  in  many  parts  of  England.  At  Youle, 
about  twelve  miles  from  York,  near  the  place  where 
the  Dun  empties  itfelf  into  the  Humber,  abundance  of 
them  have  been  dug  up  from  time  to  time;  all  of 
which  are  a fpecies  of  fir.  In  the  ifie  of  Axholme  in 
Eiacnlnlhire,  not  firs  only,  but  abundance  of  oaks  are 
, found  in  the  moor,  whereof  fome  are  five  yards  in 
eojnpafs,  with  quantities  of  acorns  near  them.  The 
firs  lie  fomewhai  deeper  than  the  oaks ; one  of  them  , 
was  thirty-fix  yards  long.  The  adjoining  levels  (about 
J 8000  acres)  were  half  of  them  yearly  covered  with 
Water,  till  King  Charles  I.  fold  them  to  Sir  Cornelius  » 

Vermuyden,  who  drained  them  at  the  charge  -of  above 
400,0001.  In  the  foil  of  all  this  land,  through  all 
Marfhland,  and  on  the  (kirts  of  all  the  Lihcolnfhire 
and  York  (hire  wolds,  are  found  millions  of  roots  and 
bodies  of  trees,  firs,  oaks,  birch,  beech,  yew,  willow, 
and  alb.  The  roots  (land  in  their  natural  pofiures,  as  - 
thick  as  ever  they  cbuld  grow.  The  bodies  of  moft  of 
the  great  trees,  lie  *11  their  length  about  a yard  from 
their  roots,  with  their' tops  north-eaft.  The  frnaller 
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lie  acrofs  In  every  direction,  fome  under,  fome  above 
them.  Some  of  the  oaks  are  thirty,  fome  thirty-five 
' yards  long,  yet  wanting  fome  yards  at  the  fmall  ends^ 
They  are  firm,  lading,  and  as  black  as  ebony*  Many 
of  them  have  been  burnt,  fome  quite  through,  fome  on 
one  fide.  Some  have  been  found  chopped  and  fquared* 

\ fome  bored  through  ; fome  half  cleft,  with  great  wooden 
wedges  in  them,  and  broken  axe  heads,  lhaped  not 
unlike  the  facrificing  axes.  And  all  thefe  were  in  fuch 
places,  and  at  filch  depths,  as  could  not  have  been 
opened,  from  the  time  the  foreft  was  deftroyed  until' 
the  ground  was  drained.  Near  a great  root  in  the 
parifti  of  Hatfield,  were  found  eight  or  nine  Roman 
coins  : and  at  the  bottom  of  a new  drain,  were  found  - 
trees  fquared  and  cut,  rails,  bars,  a kind  of  battle-axe** 
and  two  or  three  coins  of  the  Emperor  Vefpafiaft. 
Nay,  the  ground  at  the  bottom  of  the  river  was  found' 
to  lie  in  ridge  and  furrow,  manifefting  that  it  had  been  ' 
ploughed.  In  an  old  drain,  an  oak  was  found  forty 
yards  long,  four  yards  in  diameteer  at  the  great  end* 
three  yards  and  a foot  in  the  middle,  ,two  yards  at  the 
fmall  end  ; fo  that  by  a moderate  computation,  it 
' feems  to  have  been  as  long  again.  Yea,  about  fifty* 
years  ago,  there  was  found  feveral  feet  deep,  a man 
.lying  at  his  full  length,,  with*  his  head  upon  his  arm 
as  afleep.  His  fkin,  tanned,  as  it  were,  by  the  moor- 
water,  preferved  his  fiiape  entire  $ but  his  flefli  and 
moll  of  his  bones  were  confirmed.  \ ^ r 

Thefe  (lately  trees  formerly  compofed  one  of  the 
mod  beautiful  forefts  in  the  world.  But  how  Ckme  it 
to  be  deftroyed  ? When  the  Romans  purfued  the  Bri- 
tons, they  always  fled  into  the  woods.  Op  this  the 
Roman  generals  ordered  them  to  be  cut  down ; this 
1 vaft  foreft  in  particular.  .The  trees  falling  crofs 

the  rivers  which  ran  through  the  country,  foon  dam- 
med them  up,  turned  the  ground  into  a lake,  and 
gave  rife  to  the  moors,  that  increafed  continually, 
by  earthy  matter  waftied  down,  the  confomption  of 
rotting  branches*  and  leaves,  and  the  growth  of  water- 
mofs,  which  wonderfully  flouriftes  on  rotten  grounds. 

. ' Hence  it  9 that  fo  many  Roman  coins  have  been 

] found  at  the  bottom  of  thefe  levels  ; that  fo  many 

trees  are  found  burnt  or  chopped  \ and  that  the  foil  of 
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the  country  in  general  is  two,  three  or  more  yards 
higher  than  Formerly.  - t ^ 

Some  fimilar  alteration  Teems  to  have  happened 
many  centuries  ago,  to  that  whole  trail  of  land,  near 
Newbury  in  Oxfordfhire,  out  of  which  they  dig  their 
peat.  There  is  a ftratum  of  this  feveral  miles  which 
lies  many  feet  under  the  furface. 

The  beft  peat  has  very  little  (if  any)  earth  in  it,  but 
is  a compofition  of  wood,  branches,  twigs,  leaves,  and 
roots  of  trees,  with  grafs,  ftraw,  plants,  and  weeds. 
The  colour  is  of  a blackifh  brown  : and  if  it  be  cbewetf 
between  the  teeth  it  is  foft,  and  has  no  gritty  matter  in 
it.  It  is  indeed  of  a different  confidence  in  different 
..places,  fome  being  fofter  and  Tome  harder : which  may 
arife  perhaps  from  the  different  forts  of  trees  it  is  com* 
pofed  of.  Great  numbers  of  trees  are  vifible  in  the 
true  peat,  lying  irregularly  one  upon  another,  and 
iometimes  even  cart-loads  of  them  have  been  taken 
out : but  the  nearer  thefe  trees  lie  to  the  furface,  the 
lefs  found  is  the  wood  % and  fometimes  the  fmall  twigs 
which  lie  at  the  bottom,  are  fo  firm  as  not  to  be  eafily 
cut  through : thefe  trees  are  generally  oaks,  alders, 
willows,  and  firs,  befides  fome  others  not  eafily  known. 
The  fmall  roots  are  generally  perifhed,  but  yet 
, . have  fufficient  figns  to  fhew  that  the  trees  were  torn 
up  by  the  roots,  and  were  not  cut  down  ; there  'being 
no  fign  of  the  axe  or  faw,  which,  had  they  been  felled, 
. would  have  been  plainly  vifible.  A great  many  horns, 
heads,  and  bones  of  feveral  kinds  of  deer,  horns  of  the 
'antelope,  heads  and  tufks  of  boars,  and  heads  of  bea- 
vers,  are  alfo  found  in  it,  and  fome  human  bones. 

Before  we  difmifs  this  fubjelt,  it  may  not  be  im- 
proper to  fubjoin  as  ftrange  an  account  as  any  age 
can  parallel.  June  7,  1697,  near  Charleville  in  Ire- 
land, a great  rumbling  was  heard  in  the  earth.  Soon 
after,  in  the  bog<  of  Kapanihane,  ftretching  north 
and  fouth,  fome  meadow  and  pafture  land,  that  lay 
on  the  fide  of  the  bog,  feparated  by  a large  ditch,’ and 
ether  land  on  the  further  fide  adjoining  to  it,  began 
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to  more : and  ft  little  hill  in  the  middle  of  the  bog 
funk  down. 

This  was  at  feven  in  the  evening,  the  ground  fluc- 
tuating in'  its  motion,  like  the  waves  of  the  fea.  The 
pafture-land  then  rofe  up,  over-ran  the  ground  be- 
neath, and  moved  upon  its  furface : rolling  on  with 
great  violence,  till  it  had  covered  the  meadow  fixteen 
feet  deep.  It  drew  after  it  the  body  of  the  bog,  part 
©f  it  lying  on  the  place  where  the  pafture-land  was 
before,  leaving  great  breaches  behind  it,  and  currents 
of  water,  which  caft  up  noifome  vapours.  There  are 
ftill  cracks  and  chafms  through  the  whole  furface  of 
the  bog,  which  contains  forty  acres. 

But  we  have  a later  incident  of  the  fame  kind.  On 
Saturday,  January  26,  1745,  a part  of  Pilling-mofs, , 
lying  near  Hefcomb-houfes,  was  obferved  to  rife  a fur- 
prifing  height.  After  a fhort  time  it  funk  as  much  be- 
low the  level,  and  moved  flowly  toward  the  fouth-fide. 
In  half  an  hour  it  covered  twenty  acres  of  land.  The 
- improved  land,  adjoining  to  that  part  of  the  bog,  isi  a 
concave  circle,  containing  near  a hundred  acres,  which 
Is  well  nigh  filled  up  with_bog  and  water.  In  feme 
parts,  it  is  thought  to  be  five  yards  deep. 

An  intenfe  froft  retards  its  progrefs  for  the  prefent, 
but  it  is  likely  to  fpoil  a great  deal  more  land.  That 
part  of  the  mofs,  which  is  funk  like  the  bed  of  the  river, 
runs  north  and  fouth.  It  is  above  a mile  in  length, 
and  near  half  a mile  in  breadth. 

Perhaps  fome  morafles  have  been  ever  fince  the  de* 
luge.  In  fome  of  thefe  are  found,  many  feet  deep, 
whole  forefts  of  timber,  and  frequently  of  fuch  forts  as 
have  not  grown  in  thofe  countries  for  many  ages. 

But  fome  morafles  are  only  of  late  date.  -Lord 
Cromartie  gives  a remarkable  account,  of  what  he 
himfelf  obferved  with  regard  to  the  generation  of  fuch 
a morafs.  In  the  pari fti  of  Lockburn,  he  faw,  near 
the  top  of  a very  high  hill,  a plain  about  a mile  over. 
It  was  then  covered  with  a ftanding  wood,  but  fo  old, 
that  the  trees  had  neither  leaves  or  bark  left.  N When 
he  came  by  the  place  fifteen  years  after,  he  obferved 
all  the  trees  were  fallen.  A few  years  after  that,  they 
/ Were  quite  covered  over  with  a foft,  fpongy  earth, 
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which  formed  a proper  bog  or  morafs.  Maiyr  have 
been  formed  the  fame  way. 

The  difcovery  of  the  bones  of  elephants  at  the  bot- 
tom of  fome  of  our  Englifh  bogs,  feems  a convincing 
proof,  that  the  earth  has  undergone  fome  very  extra- 
ordinary alterations.  For  the  remains  of  animals  of 
quite  different  climates,  which  in  the  prefent  fituation 
of  the  world,  could  never  pofEbly  come  over  hither, 
muft  imply  their  having  been  originally  here,  .or  ths^t 
England  wa$  once  joined  to  the  continent.  But  lince 
we  find  thefe  creatures  only  in  the  very  hot  countries', 
it  is  highly  probable,  they  were  not  originally  here, 
unlefs  we  fuppofe  the  temperature  of  our  climate  to 
have  been  greatly  altered.  And  without  fuch  a fup- 
pofttion,  we  cannot  fuppofe  they  would  have  wandered 
hither,  though  all  parts  of  the  globe  had  been  conti- 
guous. But  what  changes  have  happened  to  our  earth, 
no  human  wifdom  can  find  out.  Suppofe  only  the 
axis  thereof  to  have  been  fhifted  at  any  time  but  a few 
degrees,  what  convulsions  in  nature,  what  an  univer- 
fal  change  in  the  face  of  things  muft  have  enfued  ? 
What  inundations  of  water,  bearing  every  thing  be- 
fore them  ? What  breaches  in  the  earth,  what  hurri- 
canes and  tempefts,  muft  have  attended  fuch  an  event  ? 
For  the.  waters  muft  have  rolled  along,  till  an  equipoife 
, was  produced.  And  all  parts  of  the  world  muft  ac- 
quire different  degrees  'of  heat  and  cold  from  what 
they  had  before.  Seas  would  be  formed,  where  con- 
tinents had  been  ; continents  torn  in  pieces,  or  fplit 
into  (Hands.  Such  would  have  been  the  fate  of  inani- 
mate things.  And  as  to  living  creatures  they  muft 
have  been  deftroyed  and  buried  in  the  ruins  of  the 
world,  as  perhaps  thefe  elephants  were. 
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CHAP.  II. 
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1.  Of  the  Ejfefts  and  Nature  of  Fire. 

2.  Of  the  Generation  and  Nourifment  of  it* 

3.  Of  Smoke  and  AJhes. 

4.  Of  hurtling  Mountains . 

5.  Of  Mount  JEtna. 

6.  Of  Mount  Vefuvius. 

7.  Of  Monto  Sec co. 

8.  Of  Monte  Nuevo. 

9.  New  IJlands. 

10.  Burning  IJlands > 

11.  Of  Mount  Hecla. 

12.  Of  Guadelope. 

13.  Of  the  Pike  ofTencriff. 

14.  Of  Earthquakes . 

15.  Dejlruttton  of  Port-Royal  in  Jamaica* 

16.  — - -■  Lima . 

17.  - ■ ■ ■- Callao . 

18.  A remarkable  Deliverance. 

19.  Of  Pools  and  of  Eldon  Hole . 

20.  Earthquakes  caufed  by  Electricity. 

21.  Account  of  a burning  Well. 

22.  ■ . — one  near  Brofely. 

23*  A Fire  of  the  fame  kind. 

24.  A burning  Vapour . 

25.  Perfons  confumed  by  internal  Fire . 

26.  Sparkles  from  a P erf  on’s  Clothes. 

27.  OfGlafs. 

28.  Of  the  Bologna  Phial. 

29.  Of  the  Glafs-drop. 

30.  Of  the  Nature  and  properties  of  Air • 

31.  Air  in  all  our  fluids. 

32.  — is  the  cementing  and  di/folving  Principle « 
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S3.  Air  increafes  the  weight  of  Oil  and  Vitriol. 

34.  — capable  of  immenfe  expanjion. 

35.  Difference  between  fixed  & common  Air. 

1.  rr'HE  efFedts  of  fire  are  various.  It  heats,  it 
X ftiines,  it  expands,  it  diffolves  other  bodies 
either  by  melting  or  reducing  them  to  afhes  or  a calx. 
Mod  of  thefe  argue  ^ vehement  motion  of  its  particles, 
which  tears  afunder  whatever  it  feizes.  It  feems  to  be 
a moft  fubtle  matter,  difperfed  throughout  the  univerfe. 
Yet  this,  even  when  collected  foon  fcatters  again,  un- 
lefs  it  be  detained  by  fome  inflammable  matter.  Not 
that  fire  will  fpring  From  every  motion : it  muft  be  cir- 
cular, as  well  as  rapid.  For  if  particles  move  ever  fo 
fwift  in  a ftraight  line,  no  fire  will  follow. 

Heat  feems  to  be  nothing  bat  motion  : but  this  mo- 
tion has  fome  peculiar  circumftances.  1.  It  is  expan- 
five  motion,  whereby  a body  endeavours  to  dilate  it- 
felf.  2 This  motion  is  upward,  and  toward  the  cir* 
cumference  : 3.  It  is  not  an  equable  motion  of  the 

whole,  but  only  of  the  fmaller  particles  of  the  body  s 
4.  It  is  a rapid  motion.  Heat  may  therefore  be  defin- 
ed, an  expanfive,  undulatory  motion  in  the  minute  par- 
ticles of  a body,  whereby  they  rapidly  tend  to  the  cir- 
cumference, and  at  the  fame  time  upward. 

Fire  has  fome  effedt  on  moft  bodies,  even  in  an  ex- 
haufted  receiver.  One  jplaced  a black  ribbon  therein, 
and  then  applied  a burning-glafs.  Abundance  of 
fmoke  iflued  out  of  it,  which  fell  by  little  and  little, 
and  the  ribbon  appeared  not  at  all  changed.  But  when 
it  was  touched,  after  the  re-admiffion  of  the  air,  it  pre- 
. fently  fell  into  afhes. 

The  glafs  being  applied  to  gun-powder  fo  inclofed, 
it  burnt  grain  by  grain,  but  none  of  the  grains  kin- 
dled. Another  time  when  the  fun  had  lefs  force,  they 
would  not  burn,  but  only  boiled  and  emitted  fmoke. 
This  fmoke  falling  on  the  board  on  which  the  powder 
lay,  was  of  the  colour  of  brimftone.  The  powder  that 
remained,  being  put  on  coals,  burned  like  falt-petre, 
inafmuch  as  the  brimftone  had  exhaled. 
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both  Bodies  did  before.  Yea^  Orpin  being  mixed 
with  fait  of  Tartar,  is  heavier  by  a fifth  part. 

To  account  for  this,  it  has  been  commonly  fuppof* 
ed,  that  fire  adds  to  the  weight  of  bodies.  But  fire 
has  itfelf  no  weight  at  all  r therefore  it  can  give  none. 
Pure  fire*  as  Dr.  Hillary  cbferves,  is  a body  without 
gravity,  and  has  no  more  tendency  ter  any  one  part  of 
fpace,  than  to  any  other.. 

Is  not  then  this  alteration  of  weight  rather  owing  to 
an  alteration  of  the  inward  texture  of  the  particles  in 
the  body  calcined?  The  lighter  particles  being  re- 
moved by  exhalation,  do  not  thofe  remaining  approach 
nearer  each  other  ? And  rnuft  not  then  the  weight, 
which  is  always  as  the  folidity,  increafe  accordingly  ? 

It  feems  ftrange,  to  talk  of  heating  cold  liquors  with 
ice.  Yet  it  may  be  eafily  done  thus.  Out  of  a bafon 
of  cold  water,  wherein  feveral  fragments  of  ice  are 
fwimming,  take  one  or  two,  and  plunge  them  into 
a wide-mouthed  glafs  of  ftrong  oil  of  vitriol  : this 
quickly  melts  the  ice,  and  by  two  or  three  {hakes,  the 
Kquor  grows  fo  hot,  that  frequently  you  cannot  en- 
dure to  hold  the  phial  in  your  hand. 

It  may  feem  as  ftrange,  that  thofe  parts  of  the  earth, 
which  are  neareft  the  fun  fhould  be  intenfely  cold.  Yet 
fo  it  is.  For  the  higher  you  afeend  on  mountains,  the 
colder  is  the  air.  And  the  tops  of  the  higheft  moun- 
tains in  the  moft  fultry  countries  are  eternally  clothed 
with  fnow.  This  is  partly  owing  to  the  thinnefs  of 
the  air,  partly  to  the  little  furface  of  earth  there,  to  re« 
fle<ft  the  folar  rays. 

Very  different  degrees  of  heat,  obtaimin  the  fame 
latitude,  on  the  different  Tides  of  the  South  American 
Continent : which  fhew's  that  the  temperature  of  a place  * 
depends  much  more  upon  other  circumftances,  than 
upon  its  diftance  from  the  pole,  or  nearnefs  to  the  equi- 
noctial. Thus  though  the  coaffi  of  Brazil  is  extremely 
K fultry,  yet  the  coaft  of  the  South  Seas  in  the  fame  lati- 
tude is  quite  temperate,  and  in  ranging  along  it,  ohe 
does  not  meet  with  fo  warm  weather,  as  is  frequent  in 
a fu miner’s  day  in  England : which  is  the  more  extraor- 
dinary, as  there  never  falls  any  rain  to  refrefh  and  cool 
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&e  air.  Oh  the  coaft  of  Peru,  even  under  the  lini^ 
every  thing  contributes  to  make  the  day  agreeable.  Iir 
other  countries,  the  fcorching  fun  in  fummer,  makes 
the  day  unfit  either  for  labour' or  aifiufemeat : and  the? 
tains  are  no  lefs  troublefome,  in  ther -cooler  parts  of  the' 
year.  But  in  this  delightful  climate,  the  fun  rarely  ap- 
pears ; for  there  is  conftantly  a grey*  cheerful  Iky*  juft 
lufficient  to  fcreen  the  fun,  without  ob fearing  the  air.c 
Thus  all  parts  of  the  day  are  proper  for  labour,  while 
the  coolnefs  produced:  elfewhere  by  rains,  is  here 
brought  about  by  frefh  breezes,  from  the  cooler  regi- 
ons. 

This  is  chiefly  owing  to  the  Andes,  which  running 
not  far  from,  and  nearly  parallel  with  the  (here,  an4 
rifing  immenfely  higher  than  any  other  mountains  in 
America,  form  on  their  fides  a prodigious  tra#  of  land, 
where  according  to  their  different  heights*  all  kinds  of 
climates:  may  be  found,  at  all  feafons  of  the  year.* 
Thefe  mountains  intercept  great  part  of  the  eaftern 
winds,  which  generally  blow  on  the  continent  of  Ame* 
xka,  cool  that  part  of  the  air  which  comes  over  their 
tops,  and  keep  it  cool  by  the  fnows,  with  which  they 
are  always  covered.  Thus  by  fpreading  the  influence" 
of  their  frozen  crefts,  to  the  neighbouring  coafts  and 
feas,  they  caufe  the  temperature  and  equability  which 
conftantly  prevail  there.  But  when  they  leave  thefe 
mountains,  they  experience  in  a fhort  time  an  entire 
change  of  climate,  and  in  two  or  three  days  pafs  from 
the  temperate  air  of  Peru,  to  the  fultry  atmofphere  of 
the  Weft  Indies. 

The  fparks  which  appear  on  ftriking  fiie  with  a flint’ 
and  fteel,  are  difeovered  by  the  microfcope,  to  be  fo 
tnauy  fpherical  balls  of  iron,  detached  by  the  blow 
from  the  mafe.  They  are  then  red  hot.  After  they 
cool,  they  are  a fort  of  fcoriae  ox  drofs. 

2.  Fire  is  generated  chiefly,  either  by  collefHng  tfee 
fun-beams  by  a glafs,  or  by  rubbing  hard  bodies  againft 
each  other.  Either  way  the  fubtle  matter  is  colle&ed 
from  all  fides,  and  put  into  a rapid,  circular  motion* 
This  continues  together,  as  long  as  it  is  fupplied 
with  inflammable  fubftances.  The  particles  of  thefe 
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being  divided  by  the  fire,  are  fcattered  hither  and  thi- 
ther,' and  the  fire  goes  out  unlefs  frefh  fuel  be  brought  : 
as  it  does  if  air  be  wanting.  For  as  that  fubtle  matter 
is  diflipating  continually,  it  foon  farls,  unlefs  recruited 
from  the  air.  If  water  or  duft  be  thrown  upon  fire,  it 
is  likewife  quickly  extinjguifhed.  For  thefe  interrupt 
that  internal  motion,  which  is  eflential  to  it. 

That  fuel  cannot  confume  without  air  is  clearly 
proved  by  an  eafy  experiment.  Let  a ftrpng,  hollow 
cylinder  of  iron,  be  fitted  with  a firm  fcrew  at  each 
end.  Inclofe  in  this  a piece  of  charcoal : then  fcrew 
up  both  ends,  and  place  it  in  a llrong  fire.  Let  it  flay 
there  as  long  as  you  will.  Open  it  when  cool,  and 
the  charcoal  is  no  way  diminifhed.  It  is  plain  from 
this,  that  the  confumption  of  fuel  depends  on  the  rare- 
faction and  agitation  of  its  parts  by  frefh  air.  And 
hence  we  have  the  reafon  of  the  known  method,  of  ex~ 
tinguifhing  fires  by  fmothering  them* 

8*  The  watry  part  of  the  fuel  being  rarefied  by  the 
heat,  afcends  in  the  form  of  fmoke,  carrying  with  it 
many  of  the  lighter  particles,  which  adhere  as  foot  to 
the  chimney.  The  grofler  and  more  compaCi,  the 
contexture  whereof  the  fire  cannot  wholly  deftroy,  re- 
main and  conftitute  afhes,  which  are  of  confequence 
extremely  porous,  all  that  was  combuftible  in  it  being 
confumed.  . 

To  enlarge  a little  on  this  fubjeCl.  Fire  is  a body, 
and  a body  in  motion.  It  is  in  motion  ; for  it  expands 
the  air,  which  can  no  otherwife  be  done,  than  by  com- 
municating motion  to  it.  And  that  it  is  a body  ap- 
pers  hence.  Pure  mercury  inclofed  in  a phial,  and 
kept  in  a gentle  heat  for  a year,  is  reduced  into  a folid* 
x And  its  weight  is  confiderably  increafed,  which  can 
only  fpring  from  the  aceeflion  of  fire. 

Fire  is  the  inftrument  of  all  the  motion  in  the  uni- 
verfe.  Without  it  all  bodies  would  become  immovea- 
ble. Men  would  harden  into  ftatues  : and  not  only 
water,  but  air  cohere  into  a firm,  rigid  raafs. 

As  it  is  in  itfelf,  it  is  termed  elementary  fire  r joined 
with  other  bodies  it  is  palled  culinary.  The  minute 
particles  of  this,  joining  with  thofe  of  the  pure  fire, 
conftitute  what  is  termed  flame.  Pure  fire,  fuch 
as  is  collected  by  a burning  glafs,  yields  no  flame, 
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fmoke,  or  allies.  In  itfelf  it  is  imperceptible,  But 
difcovered  by  its  effetts.  The  firft  of  thefe  is  heari> 
Which  arifes  wholly  from  fire,  and  the  meafure  of  heat 
is  always  as  the  rheafute  of  fire.  The  fecond  is,  dila-  - 
< tation  in  all  folid,  and  rarefa&iori  in  all  fluid  bodies; 

So  an  iron  rod,  the  more  it  is  heated,  increafes  the 
more  in  all  its  dimenfions.  Arid  by  theffame  degrees  - 
tliat  it  cools,  it  tfontra&s,  till  it  (brinks  to  its  firft  mag- 
nitude. , So  gold,  when  fufed  takes  up  more  (pace 
than  it  did  before.  And  mercury  afcends  in  a hollow 
tube  over  the  fire,  to  above  thirty  times  its  former  . 
height.  The  fame  degree  of  heat  rarefies  fluids  fooner, 
and  in  a greater  degree  than  it  does  folids.  And  the 
lighter  the  fluid,  the  more  it  is  dilated.  Thus  air,  the 
righted  of  all  fluids,  expands  the  moft.  The  third  ef- 
fett  of  fire  is  motion  : for  in  dilating  bodies,  it  muff 
needs  move  their  parts.  All  motion  fprings  from  itv 
Only  take  fire  away,  and  all  nature  would  grow  into 
one  concrete,  folid  as  gold,  and  hard  as  diamond. 

Pure  fire  needs  no  air  to  fuffain  it.  Put  calx  of  tin* 
into  an  exhaufted  receiver,  and  if  you  apply  a burning-- 
glafs,  the  calx  will  be  fo  vehemently  dilated,  as  to  breaks  • 
the  receiver  into  a thoufand  pieces. 

All  the  effefls  of  elementary  fire  may  be  increafed;- 
1.  By  rubbing  one  body  againft  another.  And  the 
more  hard  and  folid  the  bodies  are,  the  more  heat  is 
produced.  So  fponges  rubbed  together  acquire  little 
dr  no  heat-:"  but  two  pieces  of  iron,  air  intenle  heat.  2. 

By  mixing  certain  bodies  together.  So  fteel-filings 
mixed  with  oil  of  cloves  or  fpirit  of  nitre  grow  exceed*" 
mg  hot  p yea,  burft  into  a violent  flame. 

Yet  it  does  not  appear  that  any  new  fire  is  generated* 
in  any  of  thefe  ways.  Fricftion  does  not  create  fire* 

But  only  collects  what  was  before  difperfed.  It  is  pre- 
fent  every  where,  in  all  bodies,  ih  all  fpace,  at  all 
times,  and  that  in  equal  quantities.  Go  where  you 
will,  to  the  higheft  mountain,^  or  the  deepeft  caverrf, 
by  one  or  other  of  thefe  ways  fire  may  be  colle&ed. 

Yea,  there  is  no  place  in' the  world,  where  the  attri- 
tion of  two  fticks  vrill  not  make  it  fenfible. 

But  in  what  manner  foever  fire  is  collefted,  if  the 
collediog  caufe  ceafe,  it  difappears  again,  unlefs  it  be 
fupplied-  with  fuel,  and  then  it  becomes  culinary  fire. 
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fuel  we  mean  whatever  receives  and  retains  fire,  • 
and  is  confumed  thereby.  The  only  fuel  in  nature  is 
.oil  or  fulphur,  and  bodies  are  only  fuel,  as  containing 
' oil.  Hence  1.  All  vegetables  not  too  mcift  or  too  dry, 
.afford  fuel,  particularly  thofe  which  contain  much  oil, 
as  balfamic  and  refinous  woods..  2.  All  vegetable 
and  animal  coals,  heing  thofe  parts  which  have  exhal- 
ed their  water  and  fait,  and  retained  the  oil  alone  inher- 
ing in  the  earth.  - S.  All  bituminous  earth.  4.  All 
-mineral  fulphur,  whether  pure  or  joined  with  other 
things.  5.  The  fat  and. dung  of  animals:  and  6* 
Chymical  oil  and  fpirits.  * * 

On  the  removal  of  air,  this  fire  goes  out.  Yet  it 
.does  not  immediately  bear  the  air,  but  repels  it,  and  by 
that  means  forms  a kind  of  vault,  which  by  its  weight, 
and  the  preffure  of  the  incumbent  air,  confines  the  par- 
ticles that  would  otherwife  efcape,  and  applies  them  to 
the  combuftible  matter.  Hence  the  heavier  the  air, 
the  fiercer  the  fire  ; which  therefore  is  fierceft  in  ftill, 
cold  weather. 

The  fire  in  burning  combuftible  matter,  affords  a 
- ({hining  fire  or  ftame,  or  both  i and  frequently  too, 
fmoke,  foot  and  alhes.  Shining  fire  feems  to  be  ele- 
mentary fire,-fo  ftrongly  attracted  toward  the  particles 
of  the  fuel,  as  to  whirl,  divide,  attenuate  them,  and 
thus  render  them  volatile,  and  juft  fit  to  be  .expelled. 
Flame  Jeems  to  .be  the  mo.ft  volatile  part  of  the  fuel, 
greatly , rarefied  and  heated  red  hot  .Soot  is  a fort  of 
coal,  confiding  of  a thick  fulphur,  and  an  attenuated 
.oil,  with  earth  and  fait.  Smoke  is  the  earthy  and  wa- 
try  particles  of  the  fuel,  fo  rarefied  as  to  break  through 
ipto  the  atmofphere.  Alhes  are  the  earth  and  fait, 
which  the  fire  leaves  unchanged. 

Fire  Jncreafes  the  weight  of  fome  bodies.  Thus  if 
antimony  be  placed  under  a burriing-glafs,  the  great- 
eft  part  of  it  will  feem  to  evaporate  in  fumes,  and  yet 
if  it  is  weighed,  it  will  lie  found  to  have  gained  in 
Weight. 

But  beftde  the  folar,  there  is  a fubterraneous  fire, 
'The  earth  is  only  cold  to  .the  depth  of  forty  or  fifty  fett. 

. "Then  it  begins  to  grow  warmer  ; and  at  a great 
.depth  it  is  fo  hot  as  tojleftroy  refpiration.  Hence  w* 
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learn  that  there  is  another  fource  of  fire,  or  as  it  were 
another  fun  in  the  bofom  of  the  earth. 

Upon  the  application  of  fire  to  water,  it  boils  : that 
-is,  the  particles  of  fire,  paffing  through  the  pores  of 
the  veffel,  ftrike  on  the  loweft  particles  of  the  water, 
impel  them  upwards,  and  render  them  lighter  than  be- 
fore, both  by  inflating  them  into  little  veficles,  and  by 
breaking  and  feparating  their  fpherules.  There  will  of 
confequence  be  a conftant  flux  of  water,  from  the  bot- 
tom of  the  veflel  to  the  top.  And  hence  we  fee,  why 
the  water  is  hot  at  the  top,  fooner  than  at  the  bottom. 

Farther,  the  air  contained  in  the  interftices  of  the  wa- 
ter being  dilated,  and  its  fpring  increafed  by  the  heat, 
itafcends  through  the  water  into  the  air,  carrying 
with  it  the  contiguous  particles  of  water.  And  by  this 
means  much  of  the  water  will  be  heaved  Up,  and  let 
fall  alternately,  as  the  air  has  no  power  to  carry  away 
into  the  atmofphere  more  than  thatfmall  part  that  rifes 
in  the  fleam. 

4.  That  this  fubtle  matter  is  plentifully  collected  in 
the  bowels  of  the  earth,  appears  from  burning  moun- 
tains. It  is'obferved,  that  there  is  always  in  the  neigh- 
bourhood of  thefe,  plenty  of  fulphur  or  bitumen,  the 
flench  whereof  fpreads  far  and  near,  efpecially  before 
any  great  eruption.  This  feeds  the  fire,  which  may 
be  kindled  by  various  means,  fo  as  to  continue  for  ma- 
ny centuries.  JEtna  and  Vefuvius  have  burned  for 
above  2000  years,  and  probably  will  till  the  end  of 
time. 

J • ...  ..  Jfejk  i . , 

' • «■  ~ i • » , 

5.  Mount  JEtna  Is  divided  into  three  diftinA  regions* 
called  La  Regione  Culta  : the  fertile  region  z La 
Regione  Sylvofa,  the  woody  region  ; and  La  Regione 
Deferta,  the  barren  region.  ‘ 

The  three  are  as  different,  both  in  climate  and  pro* 
duftions,  as  the  three  zones  of  the  earth  ; and  perhaps 
with  equal  propriety  might  have  been  ftiled  the  torrid, 
the  temperate,  and  the  frigid  zone*  The  firft  region 
fiirrounds  the  foot  of  the  mountain,  and  conftitutei 
the  mod  fertile  country  in  the  world  on  all  fides  of  it, 
the  extent  of  about  fourteen  or  fifteen  miles,  whei% 
e woody  region  begins.  It  is  compofed  almoft  en# 
y ' tirely 
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;tirely  of  lava,  which,  after  a number  of  ages,  is  at  Taft 
converted  into  the  moft  fertile  of  all.  foils. 

Every  eruption  generally  forms  a new  mountain. 
As  the  great  crater  of  .Etna  itfelf  is  raifed  to  fuch  an. 
-enormous  height  above  the  lower  regions  of  the  moun- 
tain,  it  is  not  poffible  that  the  internal  fire  raging  for 
vent,  even  round  the  bafe,  and  no  doubt  vaftly  below 
it,  fhould  be  carried  to  the  height  of  twelve  or  thirteen 
thoufand  feet  to  the  fummit  of  ,JEtna.  It  has  there- 
fore generally  happened,  that  after  ftiaking  the  moun- 
tain and  its  neighbourhood  for  fome  time,  it  at  laft 
s hurfts  open  its  fide.  At  firft  it  only  fends  forth  a thick 
fmoke  and  fhowers  of  afhes,.  that  lays  wafte  the  adja- 
cent country  : thefe  are  foon  followed  by  red-hot 
ftones,  and  rocks  of  a great  fize,  thrown  to  an  im» 
menfe  height  in  the  air.  The  fall  of  thefe  ftones,  toge- 
ther with  the  quantity  of  afhes  difeharged  at  the  fame 
time,  at  laft  form  one  of  thefe  fpherical  and  conical 
mountains.'  Sometimes  this  procefs  is  finifhed  in  the 
courfe  of  a few  days : fometimes  it  lafts  for  months,, 
which  was  the  cafe  in  the  eruption  in  1669.  In  that 
cafe  the  mountains  formed  are  of  a great  fize;  fome 
of  them  are  not  lefs  than  feven  or  eight  miles  round, 
and  upwards  of  one  thoufand  feet  in  perpendicular 
height  i others  are  not  more  than  two  or  three  miles 
.round,  and  three  or  four  hundred  feet  high.  / 

After  .the  new  mountain  is  formed,  the  lava  gene- 
-rally  burfts  .out  from  its  lower  fide  ; and  bearing  away 
-every  thing  before  it,  is  for  the  moft  part  terminated 
•by  the  fea.  This  is  the  common  progrefs  of  an  erup- 
tion; however  it  fometimes  happens,  though  rarely* 
that  the  lava  burfts  at.once  from  the  fide  of  the  moun- 
tain, (without  all  thefe  attending  circumftances ;.  and 
this  is  commonly  the  cafe  with  the  eruption  of  Vefu- 
vius,  where  the  elevation  being  much  fmaller,  the 
melted  matter  is  generally  carried  up  into  the  crater  of 
the  mountain,,  which  then  difeharges  ihowers  of  .ftones 
j .and  afhes  from  the  mouth,  of  the  volcano,  without 
-forming  any  new  mountain,  but  only  adding  confide- 
r ably  to  the  height  of  the  old  one;  till  at  laft  the  lava, 
rifing  near  the  fummit,  burfts  the  fide  of  the  crater* 
and  the  eruption  is.  declared.  This  has  been  the  cafe 
■With  two  cruptions  lately  ; but  .Etna  is  upon  a much 
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larger  fcale,  and  one  crater  is  not  enough  to  give  vent 
to  fuch  oceans  of  liquid  fire. 

A Sicilian  gentleman  faw  in  an  eruption  of  that 
mountain,  large  rocks  of  fire  difcharged  to  the  height 
of  fome  thoufand  feet,  with  a noife  more  terrible  than 
that  ®f  thunder.  He  meafured  from  the  time  of  their 
greateft  elevation,,  till  they  reached  the  ground,  and 
found  they'  took  twenty-one  feconds  to  defcend,  which 
(the  (paces  being  as  the  fquares  of  the  times)  amount- 
ing to  upwards  of  7000  feet. 

After  contemplating  thefe  objects  for  fome  time, 
fays  a late  traveller,  we  fet  off,  and  foon  after  arrived 
at  the  foot  of  the  grekt  crater  of  ALtna.  This  is  of 
an  exa£t  conical  figure,  and  rifes  equally  on  all  fides. 

It  is  compofed  folely  of  allies,  and  other  burnt  mate- 
rials, difcharged  from  the  mouth  of  the  volcano,  which 
is  in  its  centre.  This  conical  mountain  is  of  a very 
large  fize : its  circumference  cannot  be  lefs  than  ten 
miles.  Here  we  took  a fecond  reft,  as  the  greateft  part 
of  our  fatigue  ftill  remained.  The  mercury  had  fallen 
to  20  4£.  We  found  this  mountain  exceflively  fteep  ; 
and  although  it  had  appeared  black,  yet  it  was  likewife  • 
covered  with  fnow,  but  the  furface  (luckily  for  us) 
Was  fpread  over  with  a pretty  thick  layer  of  afhes, 
thrown  from  the  crater.  Had  it  not  been  for  this,  we 
never  ihould  have  been  able  to  get  to  the  top. 

The  circumference  of  this  zone  or  great  circle  on 
JEtna  is  not  lefs  than  feventy  or  eighty  miles.  It  is 
every  where  fucceeded  by  the  vineyards,  orchards  and 
corn-fields  that  compofe  the  Regione  Culta,  or  the  Fer- 
tile Region.  The  laft  zone  is  much  broader  than  the 
others,  and  extends  on  all  fides  to  the  foot  of  the  moun- 
tain. Its  whole  circumference,  is  183  miles. 

The  prefent  crater  of  this  immenfe  volcano  is  a cir- 
cle of  about  three  miles  and  a half  in  circumference* 
It  goes  {helving  down  on  each  fide,  and  forms  a regu- 
lar hollow,  like  a vaft  amphitheatre.  From  many 
places  of  this  fpace,  iffue  volumes  of  fulphureous 
fmoke,-  which  being  much  heavier  than  the  circumam-. 
blent  air,  inftead  of.  rifing  in  it,  as  fmoke  gene  tally 
does,  immediately  on  its  getting  out  of  the  crater, 
rolls  down  the  fide  of  the  mountain  like  a torrent,  till 
coming  to  that  part  “of  the  atmofphere  of  the  fame 
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Specific  gravity  with  itfelf,  it  fhoots  off  horizontally  { 
and  forms  a large  tra<3  in  the  air,  according  to  the  di. 
region  of  the  wind ; which  happily  for  us,  carried  it 
exactly  to  the  fide  oppofite  to  that  where  we  were 
placed.  The  crater  is  fo  hot  that  it  is  very  dangerous, 
if  not  impoffible,  to  go  down  into  it : befides  the  fmoke 
is  very  incommodious,  and  in  many  places  the  furface 
is  fo  foft,  there  have  beeninftances-of  people  finking 
down  into  it,  and  paying  for  their  temerity  with  their 
lives.  Near  the  centre  of  the  crater  is  the  great  mouth 
of  the  volcano,  that  tremendous  gulf  fo  celebrated  in 
all  ages.  We  beheld  it  with  awe,  and  with  horror,  and 
were  not  furprifed  that  it  had  been  confidered  as  the 
place  of  the  damned.  When  we  refle<3  on  the  immen- 
fity  of  its  depth,  the  vaft  cells  and  caverns  whence  f* 
many  lavas  have  iffued  ; the  boiling  of  the  matter,  the 
Ihaking  of  the  mountain,  the  explofion  of  flaming 
rocks,  we  mud  allow  that  the  livelieft  imagination 
hardly  ever  formed  an  idea  of  hell  more  dreadful. 

Kircher  pretends  to  have  meafured  it,  and  to  have 
found  it  four  thoufand  French  toifes  in  height : which 
is  more  than  any  of  the  Andes  are.  The  Italian 
mathematicians  are  ftill  more  abfurd.  Some  of 
them  make  it  eight  miles,  fome  fix,  and  fome  four. 
Amici,  the  laft,  and  I believe  the  beft  who  has  made* 
this  attempt,  reduces  it  to  three  miles,  two  hundred 
and  fixty-four  paces  ; but  even  this  muft  be  exceeding, 
ly  erroneous,  and  probably  the  perpendicular  height  of 
./Etna  is  little  more  than  two  miles. 

It  is  a curious  confideration  that  this  mountain 
Ihould re-unite  every  beauty  and  every  horror;  and  in 
fhort,  all  the  mod  oppofite  and  diffimilar  obje<5ts  in  na- 
ture. Here  you  obferve  a gulf,  that  formerly  threw 
out  torrents  of  fire  now  covered  with  the  mod  luxuri- 
ant vegetation  ; and  from  an  object  of  horror  becomes 
one  of  delight.  Here  you  gather  the  moil  delicious  ' 
fruits,  rifing  from  what  was  lately  a black  and  barren 
rock.  Here  the  ground  is  covered  with  every  flower  • 
and  we  wander  over  thefe  beauties,  and  contemplate 
this  wildernefs  of  fweets  without  confiderine  that  bP11 
and  all  its  terrors,  immediately  under  our  feef,  and  that 

but  few  yards  feparate  us  from  lakes  of  liquid  fire  and  - 
brimftone. 
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4Jut  out  aftortifhment  ftill  increafes,  on  calling  our 
.eyes  on  the  higher  regions  of  the  mountain.  There 
behold  in  perpetual  union,  the  two  elements  that  are 
at  perpetual  war ; an  immenfe  gulf  of  fire,  for  ever 
exifting  in  the  mid  ft  of  fnows,  which  it  has  not  power 
to  melt ; and  immenfe  fields  of  fnow  and  ice  for  ever 
•furrounding  this  gulf  of  fire,  which  they  have  not 

cower  to  extinguith.  ■ _ , . 

The  quantity  of  matter  difcharged  from  A.tna,  u 
fuppofed  upon  a moderate  computation  to  exceed 
•twenty  times  the  original  bulk  of  the  mountain.  The 
created  part  of  Sicily  feems  covered  with  its  eruptions. 
The  inhabitants  . of  Catanea  have  found  at  the  diftance 
of  feveral  miles,'  ftreets  and  houfes,  fixty  feet  deep, 
overwhelmed  by  the  lava,  or  matter  it  has  difcharged; 
jiay  the  walls  of  thefe  very  houfes  have  been  built  ot 
materials,  evidently  thrown  up  by  the  mountain.  The 
inference  is  obvious:  that  the  matter  thus  exploded 
cannot  belong  to  the  mountain  itfelf:  otherwife  it 
would  have  been  quickly  confumed  : it  cannot  be  de. 
'.rived  from  moderate  depths  ; fince  its  amazing  quan- 
tity evinces  that  all  the  places  near  the  bottoom,  mult 
have  long  fince  been  exhausted : it  muft  therefore  be 
fupplied  from  the  deeper  region  of  the  earth;  thele  un- 
discovered traits,  where  the  Deity  performs  his  won. 

,ders  in  folitude.  . 

• An  eruption  of  Mount  iEtna,  in  1669,  was  pre. 

ceded  for  eighteen  days,  with  a dark,  thick  Iky,  thun- 
der, lightning,  and  frequent  tremblings  of  the 
earth.  The  place  of  eruption  was  twenty  miles  from 
the  old  mouth : the  matter  of  it  was  a fticam  of  melt- 
ed minerals,  boiling  up  and  gufliing  out,  as  water 
does  at  the  head  of  a great  river.  Having  run  thus 
for  more  than  a (tone’s  call,  the  extremities  began  to 
cruft,  and  turn  into  porous  ftones,  refembling  huge 
cakes  'of  fea  coal,  full  of  a fierce  fire.  Thefe  came 
tolling  over  one  anothei-,  and  where  any  thing  op- 
pofed?  filled  up  the  fpace  and  rolled  over.  But  they 
bore  down  any  common  building*  and'burnt  up  aU  that 
was  combuftible.  This  inundation  went  on  about  a 
furlong  a day,  for  nineteen  or  twenty  days.  It  over, 
whelmed  fourteen  towns  and  villages.  The  node  oi 
eruption  was  heard  fixty  miles.  . __ 
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On  Sunday,  March  9,  1755,  about  noon,  Mount 
.fitna  began  to  caft  from  its  mouth  a great  quantity 
of  flame  and  fmoke,  with  a moil  horrible  noife.  At 
four  o’clock,  the  air  became  quite  dark,  and-  covered 
with  black' clouds.  At  fix  a fliower  of  ftones,  each 
weighing  about  three  ounces,  began  to  fall  over  all 
the  city  of  Mafcali  and  its  territories.  This  fhower 
la  fled  till  a quarter  paft  feven,  and  was  fucceeded  all 
night  by  a fhower  of  black  fand.  On  Monday  morn- 
ing,  at  eight,  there  fprang  from  the  bottom  of  the 
mountain  a river  of  fcalding-hot  water,  which  in  half 
a quarter  of  an  hour,  overflowed  all  the  rugged  land 
that  is  near  the  foot  of  the  hill,  and  fuddenly  going 
off  left  the  whole  a large  plain  of  fand.  The  ftones 
and  fand  which  remain  wherever  this  water  reached* 
differ  in  nothing  from  the  ftones  and  fand  of  the  fea, 
and  have  even  the  fame  faltnefs.  After  the  water  was 
gone  there  fprang  from  the  fame  opening  a fmall  . 
ftream  of  fire,  which  continued  for  four  and  twenty 
hours.  On  Tuefday,  about  a mile  below  this  opening, 
there  arofe  another  ftream  of  fire,  which  being  in 
breadth  about  four  hundred  feet,  overflowed  all  the 
adjacent  country. 

' ' - ' ' I 

6.  On  the  3d  of  December,  1754,  a ftream  of 
liquid  fire,  began  to  run  down  the  fide  of  Mount  Ve- 
fuvius,  from  an  opening  on  the  eaft-fide.  But  it  foon 
ceafed  running  from  this  orifice,  and  burft  out  from  a 
much  larger  one,  about  two  hundred  yards  below  it. 
—Afterwards  it  burft  out  from  a third  orifice,  and 
having  ran  fome  fpace  with  great  fury,  the  furface 
then  began  to  cool  and  incruft,  as  it  ran  over  gently- 
declining  ground,  till  it  came  within,  about  ten  yards 
of  the  top  of  a fteep  declivity.  Here  the  fire  collect- 
ed, as  in  a refervoir,  to  fupply  a cafcade,  which 
rufhed  down  from  thence  in  a chanuel  of  more  than 
twenty  feet  wide,  and  about  two  hundred  yards  in 
length,  with  a fall  of  at  lead  fifty-feet.  After  this  the 
ftream  was  lefs  rapid,  but -grew  wider,  and  fpread 
feveral  miles  from  its  fource.  It  now  prefented  a very 
different  fcene  from  what  it  afforded  before.  The. 
cafcade  (fays  an  eye-witnefs)  looks  like  melted  gold, 
and  tears  off  large  bodies  of  old  lava  (fo  they  term 
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Hfce  incruftation ) which  float  down  the  ftream,  till  the 
kitenfenefs  of  the  heat  lifts  them  from  the  bottom.  But 
ki  the  lower  country,  it  divides  into  fmaller  ftreams, 
running  with  lefs  rapidity  : and  yet  with  fuch  vio« 
lence,  that  it  drives  the  ftrfrngeft  ftone  fences  before  it, 
and  lighting  the  trees,  like  torches,  affords  a moft  ex** 
.traordinary,  though  difmal  fpeitacje. 

On  December  23,  1760,  about  two  in  the  morning, 
va  violent  fliock  of  an  earthquake  was  felt,  near  Mount 
Vefuvius.  Some  time  after,  fome  countrymen  being 
at  work,  four  or  five  miles  from  it,  perceived  the 
ground  near  them  on  a fudden  heave  and  gape,  like 
dough  that  rs  rifing.  At  the  fame  time  they  obferved 
fmoke  ifluing  from  the  clefts.  They  immediately  fled, 
till  they  thought  they  were  out  of  danger.  And  then 
looking  back,  faw  the  water  of  a ciftern,  near  which 
they  had  been  at  work,  fpout  out  to  a great  height.— 
This  was  fucceeded  by  a large  difcharge  of  fiery  matter 
from  the  mouth  of  the  ciftern,  and  from  four  other 
openings,  attended  with  a dreadful  noife  and  explofion 
C>f  burning  ftones.  On  a fudden  all  the  fiery  ftreams 
united  in  one,  flowed  impetuoufly  dovyi  the  mountain, 
and  gliding  quick  as  lightning,  prefently  covered  all 
the  adjacent  lands.  .Meantime  the  whole  mountain 
fhook  greatly,  and  a fixed  pillar  of  fmoke  ifiiied  out 
of  the  main  aperture,  which  rifing  J;o  a certain  height, 
then  diffolved  into  aflies,  and  fell  like  rain  all  over 
the  mountain.  At  the  fame  time  an  immenfe  quantity 
of  burning  ftones  was  throwji  out. 

The  fiery  ftream  continued  running  down  the 
mountain,  the  whole  night  between  the  -23d  and  24th. 
f — Houfes,  gardens,  and  every  thing  in  its  way,  were 
confumed.  And  aflies  were  ftill  thrown  out,  which 
Jay  deep  on  the  ground  for  feveral  miles  about,  and 
Reached  as  far  as  the  fea-coaft. 

On  the  25th  alfo  there  was  an  eruption  of  liquid 
fire,  with  a fliower  of  ftones,  and  a huge  noife.  In 
feveral  parts  this,  ftream  was  fifty  fpans  deep.  The 
mountain  mean  time  continued  to  roar,  and  thick 
.aflies  fell  like  rain  over  the  whole  country. 
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Oh  the  2§tK  both  the  mountain  itfelf  and  the  liillf 
lately  produced,  fent  forth  ftones  and  afhes,  the  bel*  ^ 
Ibwings  were  ftill  heard,  but  with  intermiliions  : and  ^ 
otit  of  the  five  apertures,  two  only  continued  taemi£-* 
ftones,  afhes,  and  fire.  r 

v_  On  the  27th  only  one  firey  ftream  remained,  anc£ 
that  began  to  cool,  and  to  lofe  its  brightnefs,  appear- 
ing more  dufky,  like  burning  coals  ready  to  go  out. 
—On  the  28th  the  ftream  ran  much  flower,  and  no 
more  burning  ftones  were  caft  out.  The  lieight  of 
the  chief  ^ hill  railed  thereby  was  about  two  hundred  ' 
fpans ; and  its  circumferance  about  two  hundred 
paces.  The  motion-  of  the  lava  in  front  was  very*- 
flow  ; it  gained  ground  only  on  the  fides.  The  hill/ 
where  the  laft  aperture  was,  burfl*  and  fire  iflued  from- 
all  the  fiffures.'  v . 

On  the  29th,  the  lava  having  ceafedj  appeared  to  1 
have  reached  about  a mile  in  breadth  and  four  miles 
in  length.  The  new-raifed  hills  were  now  quiet  : 
but  the  top  of  Vefuvius  ftill  caft  out  afhes  and  fmoke, 
and  fome  fhowers  of  ftones.  About  eight  at  night  the 
new  hill  was  overturned  with  a great  crack,  and  on' 
the  30th  emitted  nothing.  But  from  the  mouth  of 
Vefuvius  clouds  and  afhes  came  in  great  abundance.—' 
From  the  whole  it  appears,  that  the  inflammatory  con- 
tents take  fire  at  a great  depth  in  the  cavern,  and  it  is 
highly  probable,  it  is  the  fea-water  which  feeds  this 
Subterraneous  fire,  by  means  of  fome  communications* 
which  the  volcano  has  with  the  Mediterranean. 

Although  the  fiery  eruptions  of  Mount -Vefuvius 
ftrike  the  neighbourhood  with  horror  ; yet  as  even 
noxious' things  bring  fome  advantage  with  them,  fo 
this  mountain,  by  the  fulphureous  and  nitrous  particles’ 
with  which  it  manures  the  ground,  and  the  heat  of  its*- 
fubterraneous  paflages,  much  contributes  to  its  com- 
mon fertility.  And  wherever  thefe  inflammable  fub« 
fiances  abound,  it  is  better  they  fhould  have  a vent? 
than  not.  So  experience  fhews,  that  this  country  has 
had  fewer  earthquakes,  and  thofe  lefs  fatal  in  their 
effedls,  fince  the  eruption  of  the  fubterraneous  matter,* 
.through  the  mouth  of  Vefuvius.  And  the  inhabi- 
tants 
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• tants  are  not  much  alarmed*  at  feeing  the  ufual  ver- 
nal explofions. 

The  didance  from  Naples  to  the  foot  of  Vefqyjps* 
IP  is  five  Italian  miles,  from  whence  to  the  top  is  near 
three  miles  farther.  It  properly  confifts  of  two  hills, 
though  only  one  of  them  emits  fire  and  fmoke.  The 
valley  between  them  is  about  a mile  long,  and  ex- 
tremely fertile.  The  burning  fummit,  which ' is  the 
lowed  of  the  two,  is  eleven  hundred  fathoms  above 
the  furface  of  the  fea.  From  Refina,  the  afcent 
grows  deeper,  and  many  dones  are  fcattered  about, 
as  memorials  of  its  former  devadations.  It  is  adoniih- 
ing  to  think  of  the  force,  by . which  fuch  huge  hulks 
of  four  or  five  hundred  weight  have  been  thrown 
feveral  miles  from  the  hill. 

This  being  deep,  and  covered  with  black  alhes, 
the  afcent  is  very  difficult.  From  the  mouth  frequent- 
ly illues  a flood  of  lava,  or  compofition,  of  fulphur, 
metals,  and  minerals.  This  ejected  matter  lies  dill, 
one  layer  above  another,  with  large  dones  projecting 
above  the  furface,  which  in  their  courfe  along  the  fiery 
river,  were  dopped  by  their  inequalities,  and  fixing  in 
the  melted  matter,  gradually  hardened.  Thefe  dreams 
are  not  thrown  up  from  the  mountain,  like  the  dones, 
but  pour  down  as  from  an  inclined  velfel,  proceeding, 
it  feems,  from  the  whole  cavity,  which  is  then  full  of 
melted  fubdances. 

About  half  way  up  the  mountain  (fays  Mr.  Keyfi- 
ber)  we  met  with  dones  of  above  a hundred  weight, 
glowing  hot,  which  when  broken  had  exactly  the  ap- 
pearance of  red  hot  iron.  As  we  went  on,  we  heard 
a mod  horrid  noife,  refembling  the  difcharge  of  a 
whole  battery  of  cannon,  and  under  our  feet  we  per- 
ceived a rumbling,  like  the  boiling  of  a large  caldron. 
At  lad  we  reached  the  place  where  the  larged  volcano 
was  formerly  fituated.  But  it  is  now  not  only  choaked 
«p,  but  covered  with  a round  pile  of  allies  and  lava. 
Thirty  years  fince  there  was  a plain  of  about  three 
thoufand  yards  to  crofs,  before  you  came  to  the  ikirts 
of  this  new  mountain.  But  it  is  now  fo  enlarged,  that 
in  mod  places,  the  plain  is  but  about  thirty  yards  broad. 
Probably  in  a few  years  it  will  be  quite  filled  up,  and 
the  two  mountains  joined  in  one.  Here  the  increafe  of 
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Heat  Was  very  fenfible,  efpecially  at  every  explofion,' 
when  the  afhes  flew  fo  ftrongly  In  our  faces,  that  we 
were  obliged  to  cover  our  eyes.  The  ground  alfo  was 
fo  hot  under  our  feet,  that  it  burnt  the  foies  of  our  flioes. 
Every  eruptioji  was  attended  with  a whizzing  noife, 
like  that  of  many  rockets  thrown  up  at  once.  The 
clouds  of  fmoke  and  the  multitude  of  ftones  thrown 
into  the  air,  totally  ojjfcured  the  fky.  Moft  of  the  ftones, 
( efpecially  if  large)'  fell  again  into  the  abyfs  from- 
which  they  were  projected.  Great  quantities  however 
fell  on  the  fides  of  the  mountain,  aiid  rolled  down  with 
a hideous  noife. 


Even  when  all  is  ftill,  the  bottom  of  the  cavity  is 
feldom  feen,  byreafon.of  the  fmoke.  When  it  is,  it 
is  fubjeCt  to  great  variation.  Sometimes  it  is  of  a pro-' 
digious  depth  ; at  other  timeShardly  more  than  a hun- 
dred feet,  according  to  the  rifing  or  falling  of  the  melt- 
ed matter,  fince  the  laft  eruption,  by  the  hardening  of 
which,  this  bottom  is  formed;  . 

Since  the  birth  of  Chrift,;  there  are  recorded  up-- 
Wards  of  twenty  memorable  eruptions  of  Vefuviug. 
One  of  the  moft  violent  was,  that  which  happened  in! 
the  reign  of  Titus  Vefpafian,  and  deftroyed  the  cities 
Herculaneum,  Stabice  and  Pompeii,  which  then  flood 
near  Naples.  During  that  eruption  the  allies  were 
driven  as  far  as  Africa,  Syria,  and  Egypt#  and  even- 
at  Rome,  the  fun  was  darkened  by  them.  Thefe  cities' 
were  partly  fwallowed  up,  partly  buried  in  the  burn-- 
ing  lava,  fo  that  not  the  leaft  remains  of  them  were  to’ 
be  feen. 

But  within  a few  years  many  things  have  been  dug 
out  of  Herculaneum,  near  Portici,  the  Iting  of  Naples*, 
palace.  . Among  thefe  are  many  paintings  done  in 
ftucco,  in  water  colours  in  frefco.  They  have  been  - 
taken  from  the  walls  of  an  amphitheatre,  a temple, 
and  feveral  houfes,  and  are  in  great  variety,  fome  per- 
fectly well  preferved. 

Four  capital  pieces  are  fo  extremely  well  executed 
that  Don  Francefco  de  la  Vega,  a painter,  whom  the  - 
King  of  Naples  fent  for  from  Rome,  to  take  draughts 
of  thefe  paintings,  faid,  “ If  Raphael  were  alive,  he 
would  be  glad  to  ftudy  thefe  drawings,  and  perhaps 
. take  leffons  from  them.”  Nothing  can  be' more  juft 
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and  corredt . The  mufcles  are  exadtly  and  foftly  drawn, 
every  one  in  its  own  place,  without  any  of  that  pre- 
ternatural fwelling  feen  in  the  works  of  fome  of  the  beft  ~ 
Italian  mafters.  And  it  is  furprifing  to  fee  how  frefb 
the  colours  are,  confidering  they  have  been  und^r  the 
ground  above  fixteen  hundred  and  fifty  years*  - ^ 

The  matter  thrown  out  of  Vefuvius,  (hews  whence 
its  fiery  eruptions  arife.  For,  pour  water,  on  fulphur, 
mixed  with  filings  of  iron,  and  it  foon  breaks  out  into 
a flame.  . That  abundance  of  fulphur  and  iron  is  con-  v 
tained  in  Vefuvius, ' appears  not  only  from  what  is 
ejedted,  but  alfo  from  the  mineral  water,  ifluing  from 
the  foot  of  the  mountain.  The  neighbouring  fea  both 
fupplies  moifture  to  thefe  inflammable  fubftances,  and 
alfo  fait  and  bitumen.  That  Vefuvius  has  a communi- 
cation with  the  fea,  experience  (hews,  the  waters  being 
furprifingly  abforbed,  in  1681,  before  the  eruption,  fo 
that  feveral  veflels  before  afloat  were  left  dry.  Like- 
^wife  in  1698,  the  fea  fuddenly  ebbed  twelve  paces  and 
the  mountain  difcharged  a torrent  of  bituminous  mat- 
ter. When  the  difcharge  ceafed,  and  the  fea  returned 
to  its  former  * height,  great  quantities  of  {hells,  half- 
burnt,  and  emitting  a lulphureous  fmell,  were4found 
along  the  (bore.  In  another  violent  eruption,  not  only 
Ihells,  but  fea-weeds,  and  hot  fea-water  were  ejedted. 

This  volcano,  however,  affords  feveral  frefh  fprings, 
fome  of  which  are  conveyed  to  Naples,  by  a beautiful 
aquedudt.  Thele  waters  have  not  the  leaft  heat  in 
them.  Nay,  a cold  wind  is  felt  to  blow,  from  feveral 
filfures  and  chafms  of  the  mountain. 

The  whole  country  for  twenty  miles  or  more  round 
Naples,  is  the  produdt  of  fubterraneous  fires.  Pro- 
bably the  fea  reached  the  mountains  that  lie  behind 
Capua  and  Caferta.  Thefe  fires  feem  to  have  worked 
under  the  bottom  of  the  fea,  as  moles  in  a field,  throw- 
ing up  here  and  there  a hilloc.  And  the  matter  thrown 
out  of  fome  of  thefe  hillocs  formed  into  fettled  vol- 
canos, filling  up  the  fpace  between  them,  has  com- 
pofed  this  part  of  the  continent,  and  many  of  the 
iflands  adjoining.  t 

Were  the  matter  carefully  examined,  it  would  be 
found  (juft  contrary  to  the  common  opinion)  that  mod 
mountains  which  are  or  have  been  volcanos,  owe  their 
exiftence  to  fubterraneous  fires.  - 
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It  cannot  be  denied  that  Herculaneum  and  Pompeii 
once  flood  above  the  ground,  though  'now  the  latter  is 
buried  ten  or  twelve  feet  deep  ; the  former  in  no  part 
lefs  thanfeventy,  in  fome  parts  a hundred  and  twelve. 
As  thefe  were  buried  by  an  eruption  of  Vefuvius, 
A.  D.  79,  it  mud  be  allowed,  that  whatever  matter 
lies  between  thenr  and1  the  furface  of  the  earth  over 
them,  muft  have  been  produced  fince  this  time. 

Pompeii  being  farther4  off,  felt  the  effefts  of  a Angle 
eruption  only.  It  is  covered  with  white  pumice  ftones,' 
mixed  with -fragments  of  lava  and  burnt  matter.  Over 
this  there  is  a ftratum  of  good  mould,  about  two  feet 
thick.  The  (hewer  of  pumice  (tones  covered  alfo  the 
town  of  Stabi«,  with  a trait  of  country  thirty  miles  in 
circumference.  It  is  obfervable,  the  pavement  of  the 
ftreets  of  Pompeii  is  of  lava : nay,  under  the  founda- 
tion of  the  town,  there  is  a deep  ftratum  of  lava  and ' 
burnt  matter  s-  hence  it  is  clear,  there  have  been  erup- 
tions before  that  of  79>  the  firft-  which  is  recorded  in 1 
hi  ft  of  y. 

; ' * - **  v*  • ' ' 

The  matter  which  covers  Herculaneum,  is  not  the' 
produce  of  one  eruption  only.  From  the  ftrata  of 
mould  intermixed  it  appears,  that  five  or  fix  eruptions y 
have  taken  their  courfe  over  that  which  lies  immediately* 
above  the  town,  witjr  .which  the  theatre,  and  moft  of 
the  houfes  are  filled.  This  is  not  vitrified  lava,  but  a 
fort  of  foft  (lone,  compofed  of  pumice,  afhes,  and  burnt ; 
matter.  It  is  of  the  fame  nature  with  what  the  Italians 
call  tufa,  and  is  in  general  ufe  for  building,  and  is  met 
with  only  in  thofe  countries  that  have  been  fubjeft  to 
ftibterraneous  fires.  . As  water  frequently  attends  erup- 
tions of  fire,  doubt  lefs  the  firft  matter  that  hfued  from 
Vefuvius,  and, covered  Herculaneum,  was  in  the  ftate 
of  liquid  mud,  r.  , ^ . • 


Safe 


Braccini  defi&rided  into  the  crater  (or  hollow  on  the 
top)  of  Vefuvius,  a little  before  the  eruption  in  1631. 

„ He  obferves,  it  was  then  five  rxailes  in  circumference, 
and  about  1000  paces  deep.  Its  (ides  were  covered  with 
brufh  wood,  and  at  the  bottom  there  was  a plain  on  ~ 
which  cattle  grazed.  In  the  rnicift  of  this  plain  was  a 
* N ; 3 narrow 
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Harrow  paffa ge,  through  which  by  a winding  path  he 
defcended  among  rocks  and  ftones  into  a more  fpacious 
plain,  covered  with  allies.  In  this  were  three  little 
pools,  one  of  hot  water,  bitter  and  corrofive  beyond 
zneafure,  another  of  water  falter  than  that  of  the  fea ; 
the  third  hot,  bat  taftelefs. 

The  great  increafe  of  the  cone  of  Vefuvius,  from 
that  time  to  this,  naturally  induces  one  to  think,  that 
the  whole  cone  was  railed  in  like  manner,  as  was  alfo 
that  part  of  it  now  called  Somma.  It  feems,  that  this  „ 
was  what  the  ancients  termed  Vefuvius,  and  that  the 
conical  mountain,  at  prelent  called  by  that  name,  has 
been  raifed  by  the  fucceeding  eruptions. 

From  repeated  obfervptions,  it  appears,  that  all  the 
foil  in  the  neighbourhood  of  Vefuvius,  is  compofed  of 
different  ftrata  of  erupted  matter,  to  a great  depth  be-  • 
low  the  level  of  the  fea.  And  undoubtedly  this  vol- 
cano took  its  rife  from  the  bottom  of  the  fea.  The 
foil  from  Capreae  to  Naples  is  of  the  fame  fort.  And 
that  on  which  Naples  Hands,  has  been  evidently  pro- 
duced by  explofions,  fome  of  them  on  the  very  fpot 
whereon  the  city  is  built.  All  the  high  grounds  round 
it,  with  the  iflands  of  Prochyta  and  Il'chia,  appear 
likewile  to  have  been  raifed  in  the  fame  manner. ' 

: * • : ~ 1-  „ » 

■/  i . 

Such  wonderful  operations  of  nature,  are  certainly 
intended  for  fome  great  purpofe.,>  They  are  not  con- 
fined to  one  country ; volcanos  exift  in  the  four  quar- 
ters of  the  globe.  We  fee  the  fertility  of  the  foil  oc- 
cafioned  thereby,  in  what  was  thence  called  Compa- 
jiia  felix.  The  fame  is  evident  in  Sicily,  jufily  efteemed 
one  of  the  mod  fertile  fpots  in  the  world.  May  not 
fubterraneous  fire  be  confidered  as  the  great  plough 
(if  we  may  be  allowed  the  expreflion)  which  nature 
makes  ufe  of  to  turn  up  the  bowels  of  the  earth,  and 
afford  us  frefh  fields  to  work  upon,  when  the  former 
are  exhaufted  ? Perhaps  likewife  many  precious  mine- 
rals might  have  remained  unknown  to  us,  had  it  not 
been  for  thefe  operations  of  nature. 

m 

There  is  great  reafon  to  believe  that  the  whole  Ifland 
cf  Madeira  was  at  fome/remote  period  thrown  up  by 
the  explofioa  of  fubterraneous  fire,  as  every  ftone,  whe- 
ther 
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ther  whole  or  in  fragments,  that  is  feen  upon  it  appears  '• 
to  have  been  burnt ; and  evett  the  fand  itfelf  to  be  no-  - 
thing  more  than  aihes.  And  it  is  certain,  that  part  of ' 
the  country  near  the  fea  is  a very  exa<fl  fpecimen  of  the 
reft. 

v - , . 

7.  Near  Puzzuolo  lies  Monte  Seeco,  which  Is  Veiu*  v 
vius  in  miniature.  Its  fummit,  formerly  a cone,  i$ 
now  funk  into  a concave  oval,  whofe  fhorted  diameter 
is  about  one  thoufand  feet,  the  longed-  one  thoufand 
two  hundred  and  forty-fix.  It  is  generally  known  bjr 
the  name  of  Solfatara.  Though  *Vefuvius  is  twelve  ' 
miles  didant,  yet  they  have  a communication  with  each  1 
other.  Hence  the  fubterraneous  fire  is  quiet  at  Solfa- 
tara, when  it  has  a vent  at  Vefuvius  : whereas  the  heat 
at  the  former  increafes,  when  the  latter  h at  red. 

On  this  mountain  are  many  cracks  emitting  fmoke  ; ■; 
the  heat  iffuing  from  them  is  fometimes  infupportable. . 

Hold  a piece  of  iron  over  one  of  thefe  cracks,  and  a 
fweetifh  fluid  will  drOp  from  it  j but  a j>iece  of  paper,  - 
indead  of  being  moidened,  grows  quite  dry  and  dijfe 
The  dones  near  thefe  cracks  are  in  continual  motion  % 
and  fmall  dones  dropped  into  them  are  eje&ed  to  the  ' 
height  of  twelve  feet,  like  the  ponderous  mafles  from 
' Vefuvius.  In  fome  places  the  fand  by  the  force  of"* 
the  vapours,  fprings  up  and  down,  like  the  iparkling 
of  cyder. 

Out  of  Solfatara  they  extradl  befide  fulphur,  blue- 
vitriol,  and  the  bed  kind  of  allum.  The  large  leader*  1 . 
kettles  ufed  therein,  are  not  heated  by  culinary  fire,  but  ~ 
by  the  natural  heat,  iffuing  through  holes  in  the  ground*  - 
over  which  the  veffels  are  placed.  ' ' 

■* ' r „ * , _ 0 > 

8.  Not  far  from  Puzzuolo  is  Monte  Nuovo,  which  J 
rofe.fuddenly  in  the  night,  between  the  19th  and  20th. 

of  September,  : 1 636..  During  a dreadful  earthquake,  v 
>’  that  laid  ; the.  whole  neighbourhood  in  ruins,  the  fub- 
terraneous fire,  opening  a large  chafm  in  the  gro  und,  . 
threw  out  fuch  quantities  of  ftones,  aihes,  bitumen, 
and  fand,  as  in.  twenty-four  hours  formed  this  moun- 
tain. Its  perpendicular  height , is  400  rods,  its  circuit 
three  miles.  The  edge  of  the  firft  aperture  is  difl  vi- 
. fible,  a mile  in  circuit,  though  it  is  now  entirely  filled  up. 

9.  An 
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9.  An  event  fimilar  to  this  • occurred  more  lately. 
After  a (hock  of  the  earth,  there  was  feen  from  San- 
torini  (an  ifland  in  the  Archipelago,  on  the  coaft  of 
Natolia)  on  the  23d  of  May,  1707,  as  it  were  a float- 
ing rock.  Some  were  fo  bold,  as  to  go  down  upon  it, 
even  while  it  was  rifmg  under  their  feet.  The  earth 
of  it  was  very  light  and  contained  a fmall  quantity  of 
potters  clay.  It  increafed  daily,  till  it  was  half  a mile 
in  circumference,  and  twenty  or  twenty-five  - feet 
high.  At  this  time  a great  ridge  of  rocks,  dark  and 
black,  rofe  out  of  the  fea,  and  joined  to  the  new  ifland. 
Then  there  iflued  out  of  it  a thick  fmoke,  wkh  a noife 
like  conftant  thundering,  or  a difcharge  of  many  ^can- 
non at  once.  The  fea  water  continually  bubbled  up;  and 
in  a fhort  time  the  new  land  prefented  nothing  to  view 
for  whole  nights,  but  a great  number  of  ftoves,  which 
caft  forth  flames,  with  fhowers  of  allies,  and  innume- 
rable fmall  ftones,  red  hot.  Rocks  were  alfo  darted 
out^>f  thefe  burning  furnaces,  which  mounted  up  like 
bombs.  This  continued  till  November. 


There  is  likewife  an  ifland  among  the  Azores,  which 
had  the  fame  original.  On  the  night  between  the  7th 
and  8th  of  December,  1720,  there  was  felt  a fihock  of 
an  earthquake  at  Tercera  : and  prefently  after  an  ifland 
iofe,  from  the  midft  of  boiling  hot  water.  It  was 
nearly  round,  and  high  enough  to  be  feen  feven  or  eight 
leagues  off.  But  after  a little  while  it  funk,  till  it  be- 
came level  with  the  water. 


■V  . ■». 

10.  On  June  4th,  1693,  the  mountain  on  the  ifland 
Torca  in  the  Eaft-Indies,  began  about  day-break,  to 
caft  out  more  fire  than  ufual,  which  continued  five  or 
fix  days,  till  at  laft  it  poured  forth,  not  only  a prodi- 
gious flame,  but  likewife  fuch  a black  and  fulphureous 
vapour,  that  the  inhabitants  of  Hiflo  (a  village  in  the 
weftem  part  of  the  ifland,  and  neareft  to  the  opening) 
were  wholly  covered  by  it.  Quickly  followed  a ftream 
of  burning  brimftone,  which  confumed  many  that 
could  not  efcape.  Afterwards  the  inhabitants  perceived, 
a great  part  of  the  mountain  was  funk  down.  Ano- 
ther part  funk  three  or  four  days-after,  and  fo  from  time 
to  time,  till  the  burning  lake  covered  near  half  the  ifland. 

Wherefore 
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Wherefore  they  went  on  board  their  boats : from  whence 
they  perceived  huge  pieces  of  the  mountain  fall  into 
the  fiery  lake,  with  a prodigious  noife,  as  if  a whole 
- battery  of  cannon  was  difcharged.  The  inhabitants 
of  another  town  on  the  eaft  fide  of  the  ifland,  not 
thinking  themfelves  in  fo  great  danger,  remained  a 
month  longer.  But  the  fiery  lake  approaching  nearer 
and  nearer,  fo  that  there  was  no  doubt  but  it  would 
fwallow  up  the  whole  ifland,  they  too  fled  for  their 
lives,  and  arrived  at  Amboy na,  July  the  18th,  1693. 

In  the  mountains  of  Ternata,  a terrible  noife  is  con- 
tinually heard.  The  fire  frequently  calls  out  (tones, 
and  lies  exceeding  deep.  Probably  the  burning  moun- 
tains in  the  Molucca  iflands  are  confirmed  beneath  by 
the  fame  fire. 

Manilla  is  one  of  the  largeft  of  -the  Philippine  iflands. 
The  city  is  much  larger  than  Oxford,  is  an  univerfity, 
and  is  inhabited  only  by  Spaniards.  The  houfes  are 
large,  and  built  very  ftrong.  The  lower  walls  are 
(lone,  and  of  a prodigious  thicknefs.  All  above  is 
-f|  wood,  and  every  piece  of  timber  has  a connexion  with 
the  others,  and  all  afe  joined  together,  that  the  earthi- 
quakes  which  are  very  frequent  may  not  throw  them 
• down.  In  1750,  they  had  an  earthquake  with  almoft 
continual  tremblings  for  three  months.  Then  followed 
an  eruption  in  a fmall  ifland,  furrounded  by  a large 
lake,  which  is  unfathomable.  The  third  day  after  the 
eruption  began,  there  arofe  in  the  lake  four  more  fmall 
iflands  all  burning.  About  a mile  from  one  of  thefe, 
there  is  a fire  rifing  continually  out  of  the  water,  in 
a part  where  there  is  no  ground  for  above  a hundred 
fathom,  z 

11.  A particular  account  of  a journey  to  Mount 
Hecla,  is  given  by  a late  author.  We  travelled,  fays 
. he,  two  days  in  rugged  and  unfrequented  rojids.  Then 
we  came  within  fix  miles  of  the  mountain,  and  per- 
ceived the  ground  ftrewed  with  allies  and  pumice  (tone, 
over  which  we  pafled  to  the  foot  of  it.  The  weather 
being  ferene  and  calm,  and  no  flames  ifluing  out  of 
the  volcano,  we  refolved  to  go  to  the  top ; till  being 
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informed  by  our  guides,  that  if  we  went  any  further,  „ 
we  fhould  be  in  danger  of  falling  into  pits,  where  we 
might  be  fuffocated  by  the  fumes  rifing  out  of  the  earth, 
all  my  company  declined  it.  I told  them*  if  they 
would  ftay  for  me,  I would  go  alone.  They  promifed 
they  would.  So  I alighted  and  prepared  to  .go  up, 
when  one  of  them  offered  to  go  up  with  me. 

Having  given  our  horfes  to  our  guides,  who  ftayed 
with  the  reft  of  our  company,  we  ventured  forward, 
refolving  to  reach  the  top,  and  in  a fhort  time  faw  a 
large  flight  of  crows  and  vultures,  that  had  their  neft 
in  the  top  of  the  mountain.  Having  afcended  about 
half  a league,  we  felt  the  ground  (hake  under  us,  and 
heard  a terrible  noife  in  the  bowels  of  the  earth,  juft 
as  if  it  was  going  to  burft  open.  At  the  fame  time 
there  appeared  on  all  Tides  chinks,  out  of  which  iiTued 
bluifh  flames,  with  a ftrong  fuffocating  fmell.  This 
made  Us  turn  back,  for  fear  of  being  burnt  to  afhes. 
But  we  had  fcarce  proceeded  thirty  yards  back,  before 
a black  cloud  of  fmoke  afcended  out  of  the  mountain, 
obfcured  the  light  of  the  fun,  and  covered  us  fo  thick, 
that  we  could  not  fee  each  other.  Our  fears  increafed 
every  ftep  we  took  5 for  behind  us  came  flames  of  fire 
with  ftiowers  of  afhes  and  pumice  ftones,  which  fell 
as  thick  as  hail.  This  dreadful  ftorm  was  attended 
^ . with  horrible  noifes,  and  we  expe&ed  every  moment,, 
the  earth  would  open  and  fwallow  us  up.  This  added 
wings  to  our  flight,  fo  that  in  a quarter  of  an  hour  we 
got  to  the  bottom  of  the  mountain. 

[ 

, . 1 

12.  There  are  volcanos  like  wife  in  many  of  the  Ame- 
rican iflands : and  a very  eminent  one  in  Guadaloupe. 
The  fummit  of  this  conftantiy  emits  fmoke,  and  fome- 
times  flames.  It  rifes  very  high,  in  the  form  of  a cone, 
above  the  chain  of  mountains,  that  occupy  the  centre 
of  the  ifland.  Near  the  foot  of  it  are  three  fprings, 
the  waters  of  which  are  fo  hot  as  to  boil  eggs  in  three 
jninutes.  The  neighbouring  ground  fa&okes  and  is  full 
of  brown  earth,  like  the  drofs  of  iron.’  But  the  chief 
place  where  the  fmoke  iflues  out,  is  higher  up,  at  the 
foot  of  a deep  bank,  about  fifty  yards  in  breadth. 
Tiere  no  grafs  is  to  be  feen ; nothing  but  fulphur  and 
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calcined  earth.  The  ground  i%  full  of  deep.  cracks, 
which  emit  much  fmoke,  and  where  you  may  hear  the 
fulphur  boil.  But  the  ftench  of  it  is  intolerable.  The 
ground  is  loofe,  fo  that  you  may  thruft  a cane  up  to 
the  head.  And  when  you  draw  it  up,  it  will  be  as  hot 
as  if  you  had  plunged  it  into  flaking  lime. 

On  the  plain  top  of  the  hill  is  another  funnel,  that 
opened  fome  years  fince,  and  emits  nothing  but  fmoke.- 
Here  are  abundance  of  large  and  deep  chinks,  which 
doubtlefs  burned  in  former  times.  In  the  middle  of 
this  plain  is  a very  deep  abyfs.  It  is  faid  there  was 
once  a great  earthquake  in  the  ifland,  and  that  the 
Brimftone  Hill  (fo  they  call  it)  then  took  fire.  It 
was  probably  then  this  abyfs  was  opened.  It  is  be- 
tween two  crags  that  rife  above  the  mountain,  and  on 
the  north  fide  anfwers  to  the  great  cleft,  which  goes 
down  above  a thoufand  feet  perpendicular,  is  more 
than  twenty  feet  broad,  and  penetrates  above  a hundred 
paces  in  the  flat.  So  that  in  this  place  the  mountain 
is  fairly  fplit,  from  the  top  down  to  the  baiis  of  the 
cone. 

On  this  plain  you  may  fee  the  clouds  gather  below, 
and  hear  the  thunder  rumble  under  your  feet. ' The 
great  cavern  is  under  the  cleft,  and  was  doubtlefs 
formed  by  the  fame  earthquake  that  fplit  the  mountain 
into  two  parts  nearly  equal.  The  parting  goes  north 
and  fouth.  To  the  north  is  the  cleft  and  cavern,  in 
:the  middle  the  abyfs,  and  to  the  louth  the  burning 
gulf.  The  cavern  is  about  twenty-five  feet  wide,  as 
much  in  height,  and  about  fixty  paces  deep.  Within 
this  is  a fecond  cave,  about  fixty  feet  in  length,  as 
much  in  breadth,  and  forty  in  height.  Here  the  heat 
is  moderate : but  there  is  a third  cave  within  this, 
where  it  is  fo  hot,  that  a torch  will  give  no  light  therein, 
and  a man  can  fcarce  fetch  breath.  Yet  on  the  left  is 
a great  hollow,  which  is  fufficiently  cool.  rAnd  the 
fpace  of  one  fathom  makes  the  difference.  It  feems 
ftrange,  that  in  the  fame  cave,  three  hundred  feet  un- 
der ground,  it  fhonld  be  fo  hot  on  one  fide,  and  fo  cool 
on  the  other.  Perhaps  the  cool  fide  has  fome  veat 
into  the  great  cleft,  and  receives  frefli  air  thereby. 

13.  Another  furprifing  eminence,  which  may  be 
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ranked  among  burning  mountains,  is  the  Pike  of  Te- 
neriffe.  On  the  fummit  of  it  is  a hollow,  twelve  or 
fourteen  feet  deep  : the  fides  Hoping  down  to  the  bot- 
tom, form  a cavity  like  a truncated  cone,  with  its  bale 
uppermoft.  This  cavity  is  nearly  circular,  about  forty 
fathoms  acrofs.  The  ground  is  very  hot,  and  from 
near  twenty  vents,  iffues  a .fmoke  of  a ftrong  fulphu- 
reous  fmell.  The  whole  foil  feems  powdered  witlr 
brimftone,  which  forms  a beautifully  covered  furface. 
Almoft  all  the  ftones  thereabouts  are  of  a greenifh  co- 
lour, fparkling  with  a yellow,  like  gold.  On  the  mid- 
dle of  one  of  the  rocks  is  a hole,  about  two  inches  in 
diameter.  Hence  proceeds  a noife  like  that  of  a great 
body  of  liquors  boiling  very  (Irongly.  And  fo  hot  a 
fteam  comes  from  it,  as  will  burn  the  hand,  even  at  a 
quarter  of  a yard’s  diftance. 

A fmall  part  of  the  fugar-loaf  is  white  like  lime  y 
another  fmall  part  is  covered  with  fait.  But  the  far 
greateft  part  is  covered  with  fnow,  almoft  throughout 
the  year.  ..  ' _ 

The  accounts  given  of  its  height  are  exceeding  va~ 
rious.  But  a gentleman  fome  years  ago,  who  mea-* 
fured  it  exa&ly,  found  the  perpendicular  height  to  be 
two  thoufand,  five  hundred  and  fixty  fix  fathoms. 


14.  When  it  happens  that  any  inflammable  fubftance 
takes  fire  in  the  caverns  of  the  earth,  the  air  contained 
therein  is  rarefied  and  exploded  with  an  immenfe  force* 
Hereby  not  only  the  arch  which  covers  it,  but  the 
whole  body  of  incumbent  earth  is  fhaken.  And  this 
is  one  fpecies  of  earthquakes.  In  this  cafe,  the  deeper 
the  cavern  is,  and  the  larger  the  quantity  of  matter  ^ 
which  takes  fire,  the  more  extenfive  and  the  more  vio- 
lent the  earthquake.  . If  the  cavern  is  near  the  furface 
of  the  earth,  the  fire  often  iffues  out  of  it : and  the 
„ lower  parts  being  eaten  away,  the  ground  finks  in,  and 
fwallows  up  houfes  or  whole  cities. 

But,  to  confider  this  point  a little  more  minutely.  As 
fome  earthquakes  are  owing  to  fire,  fo  are  fome  to  air, 
others  to  water,  and  others  to  earth  itfelf.  1.  The 
earth  itfelf  may  be  the  occafion  of  its  own  ftiaking, 
when  the  root  or  bafis  of  fome  large  mafs  being  worn 
away,  that  mafs  finks  in  by  its  own  weight,  and  caufes 
^ a concuflioa 
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2 ConcuflTon  of  all  the  neighbouring  parts.  2.  £ 
terraneous  waters  wafh  away  the  foundations  of  h 
and  eat  far  under  the  earth.  By  this  means  many  ea 
quakes  have  been  occafioned,  and  whole  cities  ft 
lowed  up.  This  was  undoubtedly  the  caufe  of  the  great 
earthquake  at  Port  Royal,  and  of  that  which  fwallowed 
up  Lima.  3.  Air  pent  up  in  the  bowels  of  the  earth, 
if  it  be  at  any  time  rarefied  and  expanded,  will  drag- 
gle for  vent  with  incredible : force,  and  thereby  both 
fhake  and  tear  the  earth.  4.  But  the  ufual  caufe  of  the 
moft  violent  earthquakes  is  fulphur,  or  forrie  other  in- 
flammable matter,  taking  fire  in  the  cavities  of  the 
earth,  and  burfting  through  whatever  oppofes. 

There  are  fcarce  any  countries  that  are  much  fub- 
je<ft  to  earthquakes,  which  have  not  fome  burning 
mountain.  And  whenever  any  earthquake  happens, 
this  is  conftantly  in  flames.  Indeed  were  it  not  that 
thefe  vents  thus  difgorge  the  fire,  it  would  make  far 
greater  havoc  than  it  does ; probably  it  would  make 
the  whole  country  for  a vaft'  fpace  round  quite  unin- 
habitable. Yea,  fo  beneficial  are  thefe,  that  we  do  not 
want  inftances  of  countries  frequently  annoyed  by  earth- 
quakes, which  upon  the  breaking  out  of  a volcano, 
have  been  wholly  delivered  from  them. 

Perhaps  what  caufes  moft  earthquakes  of  this  kind 
is  the  Pyrites,  or  Iron-ftone,  which  will  take  fire  of  it- 
felf.  The  earth,  we  know,  abounds  in  cavities,  which 
are  at  certain  times  full  of  inflammable  vapours.  This 
the  damps  in  mines  fhew,  which  being  fired,  do  every 
thing  as  in  an  earthquake,  only  in  a lefs  degree.  And 
the  Pyrites  only,  of  all  known  minerals,  yields  this 
inflammable  vapour.  Nor  is  any  mineral  or  ore  what- 
ever, fulphureous,  but  what  is  more  or  lefs  mixed  with 
the  Pyrites.  But  probably  the  Pyrites  of  the  burning 
mountains,  is  more  fulphureous  than  ours.  It  rs  like- 
wife  in  far  greater  quantities  in  all  the  countries  round 
the  Mediterranean  than  in  England:  a plain  reafon 
why  earthquakes  are  fo  much  more  frequent  and  more  - 
violent  there. 

An  artificial  earthquake  may  be  made  thus.  Add 
twenty  pounds  of  fulphur  to  twenty  of  iron-filings. 
Mix  and  temper  thefe  with  wrater,  fo  as  to  form  a mafs 
of  the  confiftence  of  a firm  pafte.  Bury  this  three  or 
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fotlr  feet  under  ground.  In  lix  or  feven  hours  time,' 
the  earth  will  begin  to  tremble,  crack  and  fmoke,  and 
fire  and  flame  will  burft  through.  So  that  there  only 
wants  a fufficient  quantity  of  this  matter,  to  produce 
a true  JEtna.  If  it  were  fuppofed  to  burft  out  Under 
the  fea,  it  might  occafion  a new  ifland. 

To  explain  this  point  a little  farther.  This  globe' 
of  earth  is  bored  through  with  infinite  cavities,  which 
branching  out  like  the  veins,  arteries,  and  nerves  in 
pur  bodies,  pafs  under  the  very  bottom  of  the  fea. 
Some  of  them  ferve  to  convey  water,  -others  a more 
undtuousfubftance,  others  an  igneous  matter,  tliat^gives 
motion  to  the  whole  frame. 

Thus  the  exterior  fea  communicates  with  the  inmoft 
abyfs,  and  paffes  to  the  roots  of  the  hills  and  moun- 
tains. Mean  time  a conftant  air  or  wind,  forces  the 
water  into  the  dark  caverns,  and  receives  and  keeps 
alive  a perpetual  fire. 

Have  we  not  indubitable  examples  of  thefe  things  ? 
Does  not  the  vaft  river  Wolga,  pour  fuch  a quantity  ' 
of  water  into  the  Cafpian  Sea,  within  the  fpace  of  one * 
year,  as  would  be  fufficient,  were  there  not  fome  invifible 
outlet,  to  cover  the  whole  earth.  This  invifible  outlet  is 
is  a huge  cavern,  that  pafles  under  Mount  Caucafus 
into  the  Euxine  fea.  Hereby  the  waters  of  the  one 
fea,  difcharge  themfelves  into  the  other.  And  the 
whole  kingdoms  of  Georgia  and  Mengrelia,  are  as  it 
were  a bridge  over  thofe  fubterraneous  waters. 

When  the  Cafpian  fea  has  been,  on  occafion  of  winds, 
too  much  emptied  into  the  Euxine,  it  is  replenifhed 
from  the  Perfian  Gulf,  which  is  a kind  of  refervoir 
for  it.  And  the  fubterraneous  communication  between 
the  Red  Sea  and  the  Mediterranean  is  now  out  of  all11 
difpute. 

And  how  many  inftances  of  this  have  we  in-rivers  ? 
So  late  Geographers  affiire  us,  that  the  river  Niger  in 
Africa  is  derived  from  the  river  Nile,  under  the  mighty 
chain  of  the  mountain?  of  Nubia : on  die  weftern  fide 
of  which  mountains,  it  takes  the  name  of  Niger,  and 
continues  its  courfe  into  the  Atlantic  ocean.  So  the 
yaft  and  deep  cave  in  Mount  Taurus,  receives  the  Ti- 
gris, and  gives  it  a paflage  to  the  other  fide.  The 
fcme  river  afterwards  hides  itfelf  under  ground,  for 
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neat  twelve  miles,  and  then  breaking  out  again,  difem* 
bogues  into  the  Euphrates,  nea£  Babylon. 

To  come  nearer  home ; the  Guadiana,  that  runs  be- 
tween Spain  and  Portugal,  runs  thirty-two  miles  un- 
der ground.  Yea,  in  our  own  country,  the  Mote  in 
Surry,  falls  into  the  ground  near  Boxhill,  and  rites 
t again  at  a confiderable  diftance- 

Hence  we  may  fafely  collect  that  the  earth  is  filled 
with  fubterraneous  aqueducts  and  caverns,  full  of  air 
and  vapour  and  copious  exhalations  from  all  forts  of 
, minerals,  as  well  as  water. 

Befides  thefe  cavities,  there  are  mountains  whofe 
/ bowels  are  in  a continual  flame.  And  their  belching 

out  allies,  fmoke,  broken  rocks  and  minerals,  argue  vail 
vacuities,  and  huge  magazines  of  combuftible  matter, 
which  are  lodged  therein.  In  the  chain  of  mountains 
called  tfie  Andes  in  America,  there  are  no  lefs  than  fifteen 
volcanos,  by  whofe  burnings,  caverns  as  big  as  whole 
kingdoms  are  made,  and  receive  the  catara&s  of 
mighty  rivers.  And  not  only  here,  but  over  all  the 
earth,  there  are  fo  many  channels,  clefts  and  caverns, 
that  we  do  not  know, -when  or  where  we  ftand  upon 
good  ground.  Indeed  it  might  amaze  men  of  a flout 
heart,  could  they  fee  into  the  world  beneath  their  feet, 
view  the  dark  recedes  of  nature,  and  obferve  the 
ftrongeft  buildings  ftand  upon  an  immenfe  vault,  at  the 
bottom  of  which  runs  an  unfathomable  fea,  and  whofe 
upper  hollows,  are  filled  with  ftagnating  air  andrthe 
expirations  of  fulphureous  and  bituminous  matter. 

Therefore  as  there  are  no  large  tradls  of  land,  with- 
out volcanos  and  fulphureous  caverns,  from  which 
branching  into  fmaller  pipes,  the  fubterraneous  heat  is 
conveyed  throughout  the  earth  : fo  no  country  can 
promife  itfelf  an  entire  immunity  from  earthquakes  s 
even  were  there  no  other  caufe  of  thefe  dreadful  events, 
but  fubterraneous  fires.  Efpecially,  when  it  is  confi- 
dered,  that  the  earth  is  in  one  part  impregnated  with 
fulphur,  • in  others  with  nitre,  allum,  vitriol,  mercury, 
• bitumen,  oker  and  chalks.  For  if  an  artificial  powder, 

made  only  of  nitre,  fulphur  and  charcoal  has  fo  won- 
derful effefls,  what  force  muft  that  combuftible  matter 
have,  which  arifes  from  fulphur,  nitre,  fal-ammoniac, 

bitumen,  gold,  copper,  iron,  arfenic,  mercury,  and 

other 
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Other  metallic  and  mineral  fpirits,  with  which  the  wdrnV 
of  the  earth  abounds,  when  the  fubterraneous  fires* 
break  through  into  the  hollow  vaults,  where  thefe  are 
repofited  by  the  God  of  nature?  Then,  - according  to* 
the  copiouinefs  of  thefe  combuftibles,  and  the  more  or 
lefs  firmnefs  of  the  fuper-incumbent  earth,  thefe  fires7 
caufe  tremblings  and  concufiions,  or  violent  eruptions 
and  perhaps  open  wide  and  deep  gulfs,  wherein  whole 
cities,  yea  mountains  are  fwallowed  up. 

"H.  ^ ‘ - 9 v I 

Many  fuch  inftances  occur  in  hiftory.  Pliny  tells  usy 
that  in  his  own  time,  the  mountain  Cymboturs,  with  the 
town  of  Eurites;  which  flood  on  its  fide,-  were  totally1 
fwallowed  up.  He  records  the  like  of  the  city  of  Tan- 
telis  in  Magnefia,  and 'after  it  of  the  mountain  Sopelus* 
both  abforbed  by  a violent  opening  of  the  earth,  fa' 
that  no  trace  of  either  remained.  Galanis  and  Gar-' 
natus,  towns  once  famous  in  Phoenicia,  are  recorded 
tbhave  met  the  fame  fate.  Yea,  the  vaft  promontory 
called  Phlegium  in  Ethiopia,  after  a violent  earthquake" 
in  the^  night,  was  not  to  he  feen  in  the  morning,  the^ 
earth  having  fwaHoweddt  up  and  dofed  over*  it. 

• - ' * * * s - . 4 ‘ • . * *% 

Like  inftances  we  have  of  later  date.  The  mountain  PU 
CVg  in  one  of  the  Molucca’s,  was  fo  high,  that  it  appeared 
at  a vaft  diftance,  and  ferved  as  a land  mark  to  failors. 
But  during  an  earthquake  in  the  ifle,  the  mountain  in- 
an  inftant  funk  into  the  bowels  of  the  earth  : and  no 
token  of  it  remained,  but  a vaft  lake  of  water.  The 
like  happened  in  the  mountainous  parts  * of  China,  in 
1 556 : when  a whole  province,  with  all  its  towns,  cU 
ties,  and  inhabitants  was  abforbed  in  a moment;  an 
rmmenfe  lake  of  water,  remaining  in*  its  place,  even* 
to  this  day. 

In  the  year  164?6,  during  the  terrible  earthquake'  in 
the  kingdom  of  Chili,  feveral  whole  mountains  of  the 
Andes,  one  after  another,  were  wholly  abforbed  in  the 
earth.  Probably  many  lakes  of  whofe  beginning  we 
have  no  account,  were  occafioned  by  the  like  abrup- 
tions. 

• The  greateft  earthquake  we  find  in  antiquity  is  that 
mentioned  by  Pliny,  in  which  twelve  cities  in -Alia 
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Minor  -were  fwallowed  up  in  one  night.  But  one  of 
thofe  moll  particularly  defcribed  in  hiflory  is  that  of 
.jhe  year  1693.  It  extended  to  a circumference  of  two 
thoufand  fix  hundred  leagues,  chiefly  afFefting  the  fea 
jcoaft  and  great  rivers.  Its  motions  were  fo  rapid,  that 
thofe  who  lay  at  their  length  were  tolled  from  fide  to 
fide  as  uponarolling  billow.  The  walls  were  dallied  from 
their  foundations,  and  no  lefs  than  fifty  four  cities, 
with  an  incredible  number  of  villages,  were  either  de- 
llroyed  or  greatly  damaged.  The  city  of  Catanea,  in 
^particular,  was  utterly  overthrown.  A traveller  who 
was  on  his  way  thither,  at  the  diftance  of  fome  miles 
^perceived  a black  cloud  hanging  near  the  place.  The 
fea  all  of  a fudden  began  to  roar : Mount  ./Etna  to 
fend  forth  great  fpires  of  flame ; and  foon  after  a Ihock 
enfued,  with  a noife  as  if  all  the  artillery  in  the  world 
had  been  at  once  difcharged.  Our  traveller  being 
obliged  to  alight  inftantly,  felt  himfelf  raifed  a foot 
from  the  ground,  and  turning  his  eyes  to  the  city,  faw 
nothing  but  a thick  cloud  of  duft  in  the  air.  Although 
the  Ihock  did  not  continue  above  three  minutes,  yet 
near  nineteen  thoufand  of  the  inhabitants  . of  .Sicily  pe- 

jilhed  in  the  ruins. 


*The  following  account  of  a dreadful  earthquake  at 
Calabria  in  1638,  is  related  by  the  celebrated  Father 
Kircher,  as  it  happened  while  he  was  on  his  journey  to 
Mount  2Etna. 

“ Having  hired  a boat  in  company  with  four  more, 
we  launched  on  the  24th  of  March  from  the  harbour 
.of  Medina,  and  arrived  the  fame  day  at  the  promonto* 
ry  of  Pelorus.  Our  deftination  was  for  the  city  of  Eu- 
phaemiain  Calabria.  But  though  we  often  put  to  fea, 
we  were  as  often  driven  back.  At.length  however,  we 
.ventured  forward.  Proceeding  onward,  and  turning 
my  eyes  to  JfiL tna,  1 faw  it  caft  forth  large  volumes  of 
fmoke,  which  entirely  covered  the  whole  ifland.  This 
together  with  the  dreadful  noife,  filled  me  with  appre- 
vhenfion.  The  fea  itfelf  began  to  wear  a very  unufual 
appearance,  covered  all  over  with  bubbles.  My  fur- 
.prife  was  increafed  by  the  calmnefs  of  the  weather.  I 
therefore  warned  my  companions,  that  an  earthquake 
was  approaching,  and  making  for  the  fliore  with  all 
Aipifible  ipeed  we  landed  at  Tropae.  But  we  had  fcarce 
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arrived  at  the  Jefuit’s  College  in  that  city,  when  oar 
ears  were  ftunned  with  a horridfound  refembling  that 
of  an  infinite  number  of  chariots  driven  fiercely  for- 
ward, the  wheels  rattling,  and  the  thongs  cracking. 
Soon  after,  the  whole  traft  upon  which  we  ftood,  feemed 
to  vibrate,  as  if  we  were  in  the  fcale  of  a balance  that 
continued  wavering.  This  foon  grew  more  violent, 
and  being  no  longer  able  to  keep  my-  legs,  I was 
thrown  proftrate  upon  the  ground.  In  the  mean  time,  _ 
the  univerfal  ruin  round  me,  redoubled  my  amazement. 
The  craih  of  falling  houfes,  the  tottering  of  towers, 
and  the  groans  of  the  dying,  all  contributed  to  raife  my 
terror.  On  every  fide  of  me,  I faw  nothing  but  a fcene 
of  ruin,  danger  threatening  wherever  I could  fly.  I 
recommended  myfelf  to  God  as  my  laft  refuge.  At 
that  hour,  O how  vain  was  every  fublunary  happinefs  ! 
Wealth,  honour,  empire,  wifdom,  all  mere  ufelefs 
founds;  and  as  ertipty  as  the  bubbles  on  the  deep.  Juft 
(landing  on  the  threshold  of  eternity,  nothing  but  God 
was  my  pleafure,  and  the  nearer  I approached,  I only 
loved  him  the  more.  After  feme  time,  however,  I 
refolved  to  venture  for  fafety,  and  running  as  fall  as  I 
could,  reached  the  ftiore.  I did  not  fearch  long,  till 
I found  the  boat  in  which  I had  landed  and  my  compa- 
nions alfo.  Our  meeting  was  all  filence,  and  gloomy 
dread  of  impending  terrors.  , 

«*  Leaving  this  feat  of  defolation,  we  profecuted  our 
Voyage,  and  the  next  day  landed  at  Rochetta,  al- 
though the  earth  Hill  continued  in  violent  agitations. 
But  we  were  fcarce  arrived  at  our  inn,  when  we  were 
obliged  to  return  to  the  boat,  and  in  about  half  an  hour, 
we  faw  the  greateft  part  of  the  town,  and  the  inn  at 
which  we  had  fet  up,  dafhed  to  the  ground,  and  bury- 
ing all  its  inhabitants  beneath  its  ruins.  Proceeding 
onward  in  our  little  veflel,  finding  no  fafety  at  land, 
and  yet  having  but  a very  dangerous  continuance  at 
fea,  we  at  length  landed  at  Lapizium,  a caftle  mid- 
Way  between  Trapaea  and  Euphaemia.  Here  wherever 
I turned  my  eyes,  nothing  but  feenes  of  ruin  and  hor- 
rorappeared ; towns  and  caftles  levelled  to  the  ground  : 
Strombalo,  though  at  fixty  miles  diftance,  belching 
forth  flames  in  an  unufual  manner.  But  my  attention 
' ' ’ was 
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•was  quickly  turned  to  nearer  danger.  The  rumbling 
found  of  an  earthquake  alarmed  us.  It  every  moment 
feemed  to  grow  louder,  and  to  approach  more  near. 
The  place  on  which  we  ftood,  now  began  to  (hake 
mod  dreadfully,  fo  that  being  unable  to  (land,  my 
.companions  and  I caught  hold  of  the  (hrubs  near  us, 
and  fupported  ourfelves  in  that  manner. 

“ After  fome  time  this  (hock  ceafing,  we  ftood  up 
in  order  to  go  to  Euphaemia,  that  lay  within  fight.  In 
the  mean  time,  I turned  my  eyes  towards  the  city,  but 
could  fee  only  a dark  cloud  refting  upon  the  place. 
This  the  more  furprifed  us,  as  the  weather  was  fa  fe- 
rene.  We  waited  till  the  cloud  was  part  away,  then 
looking  for  the  city,  it  was  totally  fqnk.  Nothing  but 
.a  putrid  lake  was  feen  where  it  ftood.  We  looked 
about  for  fome  one  that  could  tell  us  the  fad  cataf- 
trophe,  but  could  fee  none.  All  was  become  a melan- 
choly folitude,  a fcene  of  hideous  defolation.  Such 
was  the  fate  of  the  city  of  Euphaemia.  And  as  we 
continuued  our  melancholy  courfe  along  the  (hore,  the 
whole  coaft  for  the  fpace  of  two  hundred  miles  pre- 
sented nothing  but  the  remains  of  cities.  Proceeding 
thus  along,  we  at  length  ended  our  diftrefsful  voyage, 
Jby  arriving  at  Naples.” 


| .5.  Of  the  great  earthquake  at  Port-Royal  in  Ja- 
maica, an  eye-witnefs  writes  thus.  It  happened  on 
July  7,  1692,  juft  before  noon,  and  in  the  (pace  of 
two  minutes?  (hook  down  and  drowned  nine  tenths  of 
the  town.  The  houfes  funk  outright  thirty  or  forty  fa* 
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thorn.  The  earth  opened  and  {wallowed  dp  the  peo- 
ple, in  one  ftreet,  and  threw  them  up  in  another : fome 


rpfe  in  the  middle  of  the  harbour.  While  the  houies 
on  one  fide  of  a ftreet  were  fwallowed  up,  thole  on  the 
other  fide  were  thrown  on  heaps.  The’  fand  in  the 
ftreet,  riling  like  waves  in  the  fea,  lifted  up  every  one 
that  ftood  upon  it.  Then  fuddenly  finking  into  pits, 
the  water  broke  out,  and  rolled  them  over  and  over. 
Sloops  and  (hips  in  the  harbour  were  overfet,  and  loft,: 
the  Swan  frigate  was  driven  over  the  tops  of  many 
jboufesi  All  this  was  attended  with  a hollow  rumbling 
. noife.  In  lefs  than  a minute,  three  quarters  of  the 
houfes,  with  their  inhabitants,  were  all  funk  under 

water: 
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■water  : and  the  little  part  which  remained  was  no  bet- 
ter than  a heap  of  riibbifli.  The  {hock  threw  people 
down  on  their  knees,  or  their  faces,  as  they  ran  about 
to  look  for  fhelter.  Several  houfes  • which,  were  left 
{landing,  were  removed  fome  yards  out  of  their  places. 
One  whole  ftreet  was  made  twice  as  broad  as  before. 
In  many  places  the  earth  cracked,  opened  and  {hut, 
with  a motion  quick  and  faft.  And  two  or  three 
hundred  of  thefe  openings  might  be  feen  at  a time.  In 
fome  of  thefe  people  were  fwallowed  up,  in  others 
caught  by  the  middle  and  preffed  to  death.  In  others 
the  heads  of  men  only  appeared  in  which  condition 
dogs  came  and  ate  them.  Out  of  fome  of  thefe  open- 
ings, whole  rivers  of  water  fpouted  up  a prodigious 
height : and  out  of  all  the  wells  the  water  flew,  with  a 
furprifing  violence.  The  whole  was  attended  with  a 
jaoifome  flench,  and  the  noife  of  falling  mountains  at  a 
diftance,  while  the  Iky  in  a minute’s  time  turned  dull 
and  reddifh,  like  a glowing"  oven.  And  yet  more 
houfes  were  left  ftanding  at  Port-Royal,  than  in  all 
the  ifland  befide.  Scarce  a planter’s  houfe,  or  fugar 
work  was  left  throughout  all  Jamaica.  A great  part 
of  them  was  fwallowed  up,  frequently  houfes,  people 
and  trees  at  one  gap,  in  the  room  of  which  there  after- 
wards appeared  a large  pool  of  water.  This  when 
dried  up,  difcovered  nothing  but  fand,  without  any 
mark  that  houfe  or  tree  had  been  there.  Two  thou- 
. fand  people  loft  their  lives : had  it  been  in  the  night, 
few  would  have  efcaped.  A thoufand  acres  of  land 
were  funk  : one  plantation  was  removed  half  a mile 
from  its  place.  Yet  the  {hocks*  were  moft  violent 
among  the  mountains.  Not  far  from  Yall-houfe,  part 
of  a mountain,  after  it  had  made  feveral  leaps,  over- 
whelmed a whole  family,  and  great  part  of  a planta- 
tion, though  a mile  diftant.  A large  mountain,  neaf 
^ort  Morant,  about  a day’s  journey  over,  was  quite 
fwallowed  up,  and  in  the  place  where  it  flood,  re- 
mained a lake,  four  or  five  leagues  over.  Vaft  pieces 
of  mountains,  with  all  the  trees  thereon,  falling  toge- 
ther in  a confufed  manner,  flopped  up  moft  of  the  ri- 
sers, till  fwelling  abroad,  they  made  themfelyes  neyr 
channels,  tearing  up  every  thing  that  oppofed  their  pat 
la ge,  carrying  with  them  into  the  fea,  fuch  prodigious 
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quantities  of  timber  that  they  feemed  like  moving  if. 
lands.  In  Liquania  the  fea,  retiring  from  the  land, 
left  the  ground  dry  for  two  or  three  hundred  yards. 
But  it  returned  in  a minute  or  two,  and  overflowed  a 
great  part  of  the  fliore.  Thofe  who  efcaped  from  the 
town,  got  on  board  the  fhips  in  the  harbour,  where 
many  continued  two  months  : the  fliocks  all  the  time 
being  fo  violent,  that  they  durft  not  come  on  fliore. 
The  noifome  vapours  occafioned  a general  ficknefs, 
which  fwept  away  three  thoufand  of  thofe  that  were 
left. 


The  following  account  of  this  memorable  event  is  g* 
ven  by  the  Re£tor  of  Port-Royal. 

On  Wednefday,  June  7,  I had  been  reading  prayers, 
(which  I have  read  every  day  fince  I came  to  Port- 
Royal,  to  keep  up  fome  (hew  of  religion  among  a mod. 
ungodly  people)  and  was  gone  to  the  prefident  of  the 
council.  We  had  fcarce  dined,  when  I felt  the  ground 
heave  and  roll  under  me.  I faid,  “ Sir,  what  is  this?'* 
He  replied  compofedly,  “ It  is  an  earthquake.  Be 
not  afraid  j it  will  foon  be  over.”  But  it  increafed 
more  and  more, : and  prefently  we  heard  the  church 
and  the  tower  fall.  Upon  this  we  ran  to  fave  our- 
felves  ; I quickly  loft  him,  and  ran  toward  Morgan’s 
Fort : as  that  was  a Wide  open  place,  and  fecure  from 
the  falling  of  houfes.  As  I ran,  I faw  the  earth  open, 
and  /wallow  up  multitudes  of  people,  and  the  fea 
mounting  over  the  fortifications.  1 then  laid  afide  ail 
thought  of  efcape,  and  went  homeward  to  meet  death 
in  as  good  a pofture  as  I could.  I was  forced  to  go 
through  two  or  three  narrow  ftreets,  the  houfes  fell  on 
each  fide  of  me.  Some  bricks  came  rolling  over  my 
flioes,  but  none  hurt  me.  When  I came  to  my  lodg- 
ing, I'  found  all  things  in  the  lame  order  that  1 left 
them.  1 went  to  the  balcony,  and  faw  that  no  houfes 
in  our  ftreet  were  fallen.  The  people  feeing  me,  cried 
to  me,  to  come  and  pray  with  them.  When  I came  in- 
to the  ftreet,  every  one  laid  hold  of  my  clothes  aud"f 
embraced  me.  1-  deftred  them  to  kneel  down  in  a ring,  : 
and  prayed  with  them  near  an  hour,  till/  wasalnroft 
lpent,  between  the  exercife,  and  the  heat  of  the  fun. 
They  then  brought  me  a chair,  the  earth  working  all 
Vou.  II.  - O the 
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•die  time,  like  the  rolling  of  the  fea,  infomuch  that 
fometimes  while  I was  at  prayers,  I could  hardly -keep 
on  my  knees.  By  the  time  I had  been  half  andiobr 
longer  with . them,  in  fetting  their  fins  before  them, 
and  exhorting  them  to  repentance,  fome  merchants 
came,  and  defired  me  to  go  on  board  one  of  the  fhips 
in  the  harbour.  From  the  top  of  fome  houfes,  which 
lay  level  with  the  water,  I got  into  a boat,  and  went 
on  board  the  Siam  Merchant.  The  day  when  this  hap- 
pened was  exceeding  clear,  and  afforded  no  fufpicion 
of  evil.  But  about  half  an  hour  paft  eleven,  in  lefs 
than  three  minutes,  Port- Royal,  one  of  the  faireft 
towns  in  the  Englilh  plantations,  was  lhattered  in 
pieces,  and  left  a dreadful  monument  of  the  juftice  of 

■<God.  ' , f 

About  ten  years  after  the  town  wasrrebuilt,  a terri- ' 

ble  fire  laid  it  in  allies.  Yet  they  rebuilt  it  once  more. 
But  in  the  year  1722,  a hurricane  reduced  it  a third 
.time  to  a heap  of  rubbifh.  Warned  by  thefe  extraor- 
dinary calamities,  which  feemed  to  mark  it  out  as  a 
devoted  fpot,  they  removed  the  public  offices  from  \ 
thence,  and  forbade  any  market  to  be  held  there  for 
;the  future. 

16.  Lima  in  Peru  contains  about  60,000  perfons. 
In  1747  an  earthquake  laid  three  fourths  of  the  city  le-  - 
vel  with  the  ground. 

w V # * 1 I ^ , 

17.  Callao,  the  Port  of  Lima,  containing  3 or  4000 
inhabitants  was  totally  deftroyed.  ..Only  one  man  es- 
caped, and  that  by  a very  Angular  providence.  He 
was  going  to  ftrike  the  flag  on  the  fort,  that  overlooked 
the  harbour,  when  he  faw  the  fea  retire  to  a confidera- 
ble  diftance,  and  then  return,  fwelling  mountains  high. 
The  inhabitants  ran  from-  their  houfes, , in  the  utmoft 
degree  of  terror  and  c'onfufion.  A cry  for  mercy  arofe 
from  all  parts -t  and  immediately  all  was  filent,  the 
fea  had  quite  overwhelmed  the  city,  and  buried  it  for 
ever  in  its  bofom.  But  at  the  fame  time  it  drove  a 
little  boat  to  the  fide  of  the  forty  into  which  the’ man 
leaped  and  was  faved. 


18,  perhaps  we  have  not  in  hiftory, 
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markable  deliverances  than  that  of  this  good  man.  But" 
more  remarkable  if  poflible,  is  the  following  delive-’ 
ranee,  from  a danger  of  a very  different  kind. 

In  the  neighbourhood  of  Demonte,  as  one  defeends 
through  the  upper  valley  of  Stura  towards  the  middle 
of  the  mountain,  there  were  fome  houfes  in  a place 
called  Bergemolletto,  which  on  the  19th  of  March,  in' 
the  morning  (there  being  then  a great  deal  of  fnow)5 
were  entirely  overwhelmed  by  two  vaft  bodies  of  fnow, 
that  tumbled,  down  from  the  upper  alps.  All  the  in-' 
habitants  were  then  in  their  houfes,  except  one  Jofeph’ 
Rochia,  a man  of  about  50.  Two  and  twenty  perfons 
were  buried  under  this  mafs  of  fnow,  which  was  fixtyr 
Englifh  feet  in  height.  Many  men  were  ordered’  to 
give  them  affi  dance  ; but  were  not  able  to  do  them  the' 
lead  fervice.  After  five  days,  Jofeph  Rochia,  got  up- 
on the  fnow,  (with  his  fon,  and  two  brothers  of  His- 
wlfe)  to  try  if  they  could  find  the  place  under  which 
his  houfe  and  (table  were  buried  ; but  they  could  hot. 
However,  the  month  of  April  proving  very  hot,  atttl 
the  fnow  beginning  to  melt,  this  unfortunate  man  was 
again  encouraged  to  uie  his  bed ' endeavours.  Oh  the’ 
24th,  the  fnow  was  greatly  diminifhed,  and  he  con-; 
ceived  hopes  of  finding  out  his  houfe  by  breaking  the 
ice.  He  thrud  down  a long  pole,  but  the  evening 
coming  on,  he  proceeded  no  farther.  His  wife's  bro- 
ther dreamed  the  fame  night,  that  his  fider  was  dill 
alive,  and  begged  him  to  help  her.  He  rofe  early  in 
tire  morning,  told  his  dream  to  Jofeph  and  his  neigh-1 
hours,  and  went  with  them,  to  work  upon  the  fnow, 

- where  they  made  another  opening,  which  led  them  to 
the  houfe  they  fearched  for  : but  finding  no  dead  bo- 
dies in  its  ruins,  the  fought  for  the  dabTei  which’ was 
about  240  Englifh  feet  - didant,  and  having  found it,- 
they  heard  a cry  of  “ help,  my  dear  brother.”  Being 
greatly  furprifed  as  well  as  encouraged  by  thefe  words, 
they  laboured  till  they  had  made  a large  opening, 
through  which  the  brother  went  down,  where  the  filler 
with  a feeble  voice  told  him,  “ I have  traded  always  in 
God  and  you,  xhat  you  would  notforfake  me.”  The 
other  brother,  and  the  hulband  then  went  down,  ' and 
found  dill  alive  the  wife  about  45,  the  fider  about  35, 
and  a daughter  about  13  years  of  age.  Thefe1  they 
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S^Ifed  on  their  fhoulders  to  men  above,  who  pulled 
them  up,  and  carried  them  to  a neighbouring  houfe  t 
they  were  unable  to  walk,  and  fo  wafted,  that  they 
peared  like  mere  fhadows. 

. Some  days  after  the  intendant  came  to  fee  them#  and 
they  gave  him  the  account  that  follows.  In  the  morn- 
ing pf  the  19th  of  March,  we  were  in  the  ftable,  with  a 
boy  fix  years  old,  and  a girl  about  13.  In  the  fame 
ftable  were  fix  goats,  one  of  which  had  brought  forth 
two  dead  kids  the  evening  before  ; there  were  alfo  an 
afs  and  five  or  fix  fowls.  We  were  (heltering  ourfelves 
in  a corner  of  the  ftable,  till  the  church-bell  fhould  ring, 
intending  to  attend  the  fervice.  The  wife  wanting  to 
go  out  of  the  ftable  to  kindle  a fire  for  her  hufband,  then 
clearing  away  fnow  from  the  top  of  the  houfe,  fhe  per- 
ceived a mafs  of  fnow  breaking  down  towards  the  eaft, 
on  which  fhe  went  back  into  the  ftable,  flint  the  door, 
and  told  her  fitter  of  it.  In  lefs  than  three  minutes 
.they  heard  the  roof  break  over  their  heads,  and  alfo 
part  of  the  .ceiling  of  the  ftable.  The  fitter  ad  vifed  her 
4P  get  into  the  rack  and  manger,  which  fhe  did  very 
carefully.  'J'he  afs  was  tied  to  the  manger,  but  got 
loofe  by  ftruggling ; and  though  it  did  not  break  the 
manger,?  it  threw  down  the  little  veiTel  which  the  After 
took  up,  and  ufed  afterwards  to  hold  the  melted  fnow, 
which  ferved  them  for  drink*  Very  happily,  the  manger 
was  under  the  main  prop  of  the  ftable,  and  thereby  re*- 
fitted  the  weight  of  the  fnow.  Their  firft, care  was  to 
know  what  they  had  to  eat ; the  filler  had  in  her  poc* 
kets  fifteen  chefnuts  ; the  children  faid  they  had  break- 
rafted,  and  (hou]d  want  no  more  that  day.  They  re* 
membered  there  were  30  or  £0  loaves  in  a place  near 
the  ftable,  ani  endeavoured  to  get  at  them,  but  were 
not  atfic£  hy  reafon  of  the  fiiow.  Qn  tins  they  called 
out  for  hc?lp  as  loudly  as  they  could,  Jbut-no  one  heard 
them.  Tfie  filter  came  again  to  the  manger,  after  fhe 
had  tried  in  vain  to  come  at  the  loaves,  gave  two 
chefnuts  to  the  wife  and  eat  two  herfelf,  and  they  drank 
fpme  fnow  water./  All  this  while  the  afs  continued 
kicking,  and  the  goats  bleated  very  much,  hut  foop 
after,  they  heard  no  more  of  them.  T wo,  qf  the.  goats 
however  were  left  alive,  and  were  near  the  manger, 
vthey  felt  them  carefully,  and  knew  by  fo  doinj,  that 
V one 
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^ne  of  them  Was  big,  and  would  kid  about  the  fniddfe 
of  April  ; the'  other  gave  milk,  wherewith  they  pre*- 
ferved  their  lives. 

The  women  affirmed,  that  during  all  the  time  they 
were  buried,  they  faw  not  one  ray  of  light  ; neverther" 
lefs,  for  about  twenty  days,  they  had  fome  notion  of 
night  and  day  : for  when  the  fo\Vls  crowed,  they  ima- 
gined it  was  break  of  day,  but  at  laft  the  fowls  died. 
The  fecond  day,  being  vefjr  hungry,  they  eatiril  the 
Remaining  chefnuts,  and  drank  what  milk  the  goat 
yielded,  which  for  the  firft  days  was  near  two  pints 
a day,  but  the  quantity  decreafed  gradually.  The 
third  day,  being  very  hungry,  they  again4  endeavoured 
to  get  to  the  place  where  the  loaves  were,  but  the^ 
could  not  penetrate  to  it.  They  then  refolved  to  take 
all  poffible  care  to  feed  the  goats,  as  very  fortunately 
over  the  ceiling  of  the  liable,  and  juft  above  the  man- 
ger, there  was  a hay-loft  with  a hole,  through  which 
the  hay  was  put  down  into  the  rack.  This  opening 
was  near  the  After,  who  pulled  down  the  hay,  and 
gave  it  to  the  goats,  as  long  as  flie  could  reach  it, 
which  when  (he  could  no  longer  do,  the  goats  climbed 
upon  her  fhoulders,  and  reached  it  themfelves.  On 
the  fixth  day  the  boy  fickened,  complaining  of  violent 
pains  in  his  ftomach  for  fix  days,  on  the  laft  of  which 
be  defired  his  mother,  who  all  this  time  had  held  him 
in  her  lap,  to  lay  him  at  his  length  in  the  mangfer.  She 
did  fo,  and  taking  him  by  the  hand,  felt  it  was  very 
cold  2 ftie  then  put  her  hand  to  his  mouth,  and  finding 
it  likewife  very  cold,  ftie  gave  him  a little  milk  ; the 
boy  cried,  “ O my  father  in  the  fnow  ! Oh  ! father ! 
father  ! and  expired.” 

The  mother  told  the  fitter,  the  boy  was  dead,  and 
then  laid  him  in  the  manger  where  the  filter  was.  In 
the  mean  while  the  milk  given  by  the  goat  diminished 
ciaily.  The  fowls  being  dead,  they  could  no  longer 
diftinguifh  night  and  day  ; but  according  to  their  cal- 
culation the  time  was  near,  when  the  other  goat  Should 
kid,  which  as  they  computed  wpuld  happen  about  the 
middle  of  April.  At  length  they  found  the  goat  was 
kidding  by  its  cries,  the  filler,  helped  it  ; they  killed 
the  kid  to  fave  the  milk  for  their  own  fubfiftence.  And  ' 
now  they  knew  it  was  the  middle  of  April.  - Wheii~ 

* ever 


( , 318  ) 

ever  they  called  this  goat,  it'  would  come  and  lick 
. their  face  and  hands,  and  gave  them  every  day  two 
pints  of  milk,  for  which  they  ftill  bear  a great  affec- 
tion to  it.  ' ^ 

During  all  this  time,  hunger  gave  them  but  very 
little  uneafinefs,  except  on  the  firft  five  or  fix  days. 
Their  greateft  pain  was  from  the  extreme  coldnefs  of 
the  melted  fnow-water,  which  fell  on  them  ; from  the 
ftench  of  the  dead  afs,  dead  goat,  and  fowls ; but 
more  than  all  from  the  uneafy  pofture  they  were  oblig- 
ed to  continue  in.  For  though  the  place  in  which 
they  were  buried  was  twelve  Englilh  feet  long,  eight 
wide,  and  five  high,  the  manger  in  which  they  fat 
fquatting  againft  the  wall,  was  no  more  than  three 
ftut  ificoes  broad, 

1 9.  May  we  not  impute  to  earthquakes,  thofe  huge 
cavities  in  the  earth,  which  are  found  in  feveral  parts 
of  England  ? Such  is  Pooie’s-hole  about  half  a mile 
from  Buxton,  in  Derbyshire,  faid  to  have  been  the  re- 
fuge of  one  Poole,  a noted  robber.  It  is  at  the  foot 
of  a mountain  : its  entrance  is  low  and  narrow  ; but  • 
it  prefently  opens  into  a broad  and  lofty  concavity,  of 
above  a mile  in  length.  The  water  dropping  from  the 
roof,  congeals  into  a kind  of  cryftal,  and  forms  a 
thoufand  furprifing  figures.  "Here  isalfo  a large,  clear 
•ftone,  refembling  alabafter,  which  the  Queen  of  Scots, 
when  here,  called  her  pillar,  and  it  ftill  goes  by  that 
name.  Along  the  middle  a ftream  of  water  falls 
among  the  rocks,  which  loudly  echoes  through  the  r 
vault.  The  molt  ftriking  thing  is,  the  height  of  the 
arch,  and  the  fpangled  roof  refembling  fret-work. 
And  indeed  the  drops  of  water  which  petrifying,  as 
jthey  fall)  form  ificles,  refembling  cryftal  above,  and 
pyramids  hardened  into  ftone  below,  have  a furprifing  - 
effect  from  the  light  of  the  candles  : the  hanging  drops 
xla^zling  the  eyes,  as  if  this  mighty  arch  w;as  covered 
with  diamonds. 

EJden-hole  is  a frightful  chafin  in  the  middle  of  a 
field,  fifty  or  fixty  feet  long,  and  about  twenty  broad. 
But  how  deep  it  is,  could  never  be  difcovered,  not- 
-Withftanding  all  the  attempts  that  have  been  made. 
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Jyfr.  Cotton  endeavoured  to  fathom  it  with  a line  of  fif- 
teen hundred  yards  ; but  in  vain.  Some  fuppofe  thefe 
to  have  been  paflages,  whereby  the  waters  of  the' de- 
luge, returned  from  the  furface  of  the'  earth  to  the 
great  abyfs.  * 

There  is  another  effeft  of  fubterraneous  fires,  which 
has  been  generally  imputed  to  quite  different  caufes. 
The  Giant’s  Caufeway  in  Ireland,  and  all  other  ftrong 
concretions  of  the  fame  kind,  where  pillars  are  formed 
by  pentagon,  hexagon,  or  multangular  ftones,  placed 
One  upon  another^  are  commonly  fuppofed  to  be  form- 
ed by  a depofition  of  ftony  matter  from  an  aqueous 
fluid.  On  the  contrary  it  is  evident  from  various  con- 
fiderations,  refpedtiug  their  ftrudture  and  phenomena, 
that  they  are  concretions  of  a peculiar  kind,  generated 
by  an  igneous  fluid.  They  are  peculiar  to  volcanic 
countries,  and  differ  in  every  refpedfc  from  the  cryftals 
produced  by  the  flow  and  fucceffive  precipitation  of  the 
ftony  particles  contained  in  water.  Their  formation  is 
owing  to  an  intrinfic  principle  of  organization,  operat- 
ing on  an  ignified  fluid  : on  ,the  concretion  of  which 
that  principle  may  be  fuppofed  to  have  operated  fimul- 
* taneoufly  in  a large  mafs,  and  to  have  produced  thefe 
bodies  in  the  fame  manner,  as  a linget  of  metal  con- 
cretes at  once  in  the  mould. 

, 1 ! - • , ’ J • \ 

In  Perfia  there  is  a fubterraneous  fire  of  a very 
harmlefs  nature.  It  rifes  out  of  the  ground,  about 
twenty  miles  from  Baku,  and  three  from  the  Cafpian 
fea.  The  ground  is  rocky,  but  has  a fhallow  covering 
of  earth.  If  this  be  any  where  fcraped  off,  and  fire 
applied  to  the  place,  it  catches  fire  immediately,  and 
burns  without  diminution,  nor  ever  goes  out,  unlefs 
you  throw  cold  earth  over  it,  by  which  it  is  eafily  ex- 
tinguifhed.  A piece  of  ground,  about  two  Englifii 
miles  in  extent,  has  this  wonderful  property.  In  ma- 
ny parts  of  it  there  is  a continual  flame  : the  chief  is  in 
a hole  about  four  feet  deep  and  fourteen  in  diameter. 
This  is  faid  to  have  burned  many  thoufand  years. 
They  burn  ftones  into  lime,  by  filling  a hole  in  the 
ground  with  them,  and  then  putting  a lighted  candle 
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into  the  hole.  The  fire  immediately  kindles,  and  in 
about  three  days  bums  the  ftones  fufficiently. 

It  is  remarkable,  that  this  flame,  how  great  fo  ever 
it  be,  gives  neither  fmoke  nor  fmell.  There  is  much 
naphtha  all  about  the  place,  though  not  juft  where 
the  fire  is. 

Doubtlefs  an  inflammable  vapour  ifFues  in  abun- 
dance out  of  the  ground  in  this  place.  Something  of4 
the  fame  kind  is  found  between  Bologna  and  Florence, 
on  the  fide  of  one  of  the  Apennines.  On  a fpot  of 
ground  three  or  four  miles  diameter,  there  is  a con- 
stant eruption  of  fire.  Hie  flame  rifes  very  high  ; yet 
without  noife,  fmoke,  or  fmell.  In  great  rains  it 
fometimes  intermits,  but  afterwards  burns  with  the 
greater  vigour.  There  are  three  other  fuch  fires  on  the 
fame  mountains.-  Probably  they  rife  from  the  veins  of 
bitumen.  - 


20.  A late  ingenious  writer  afcribes  all  earthquakes 
to  the  fame  caufe,  eledricity.  The  impreflion,  fays 
he,  they  make  on  land  and  water,  to  the  greateft  dif- 
tnnce,  is  inftantaneous.  This  can  only  be  effected  by 
electricity.  In  the  late  earthquake  the  concuffion  was 
felt  through  the  fpace  of  a hundred  miles  in  length, 
and  forty  in  breadth,  at  the  fame  inftant.  Now  what 
could  throw  a trad  of  land,  of  four  thoufand  fquare 
miles  in  furface,  into  fuch  an  agitation  in  a moment  ? 
No  natural  power  is  equal  to  this,  but  that  of  eledri- 
city,  which  alone  acknowledges  no  bounds,  neither 
any  fenfible  tranfition  of  time.  _ 

The  little  damage  done  by  moft  earthquakes,  is  an- 
other argument,  for  their  being  occasioned,  by  a Ample 
vibration  of  the  earth,  through  an  eledric  fhock*  This 
vibration  on  the  water,  meeting  with  the  folid  bottoms 
of  flfipsj  occafions  that  thump  which  is  felt  by  them. 
That  this  (hakes  millions  of  ordinary  houfes,  and  yet 
not  one  of  them  falls,  is  a farther  proof,  that  it  is  not 
a convulfion  in  the  bowels  of  the  earth,  but  an  uniform 
vibration,  like  what  we  occafion  in  a glafs,  by  rubbing 
our  finger  on  the  edge  : which  may  be  brought  to  luch 
a pitch,  as  to  break  the  glafs  in  pieces,  by  an  eledric 
repulfion  of  its  parts. 

There  can  be  little  doubt,  but Tome  earthquakes  are 

owing 
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*3wlng  to  elediricity : but  many  more  are  owing  to  other 
caufes : thofe  of  Callao,  Lima,  Port-Royal,  for  in- 
fta»ce,  were  unqueftionably  owing  to  water:  thofe  m 
the  neighbourhood  of  ./Etna  and  Vefuvitfs,  with  thofe 
in  the  Eaft-Indies,  to  lakes  of  tire.  The  grand  fault 
is  therefore  the  afcribing  them  either  to  electricity,  or 
any  one  caufe,  exclufive  of  the  reft:  whereas  fome  are 
owing  to  each  of  thefe  caufes : fome  to  fev£ral  of  them 
aCting  conjointly.  » 

21.  We  have  inflammable  vapours  in  England,  in 
three  or  four  different  places.  * 

One  who  accurately  obferved  it,  gives  the  following 
particular  account  of  a burning  well.  ^ 

€t  In  the  latter  end  of  February,  I went  to  fee  a 
fpring  in  the  road,  which  leads  from  Wigan  to  War- 
rington. - When  we  came  to  it,  and  applied  a lighted 
candle  to  the  furface  of  the  water,  there  was  fuddenly 
a large  and  vigorous  flame  produced.  But  having  filled 
a cup  with  water  at  the  flaming  place,  and  having  held 
a lighted  candle  to  it,  it  went  out.  Yet  the  water  at 
that  place  boiled  like  water  over  a fire  : though  when  I 
put  my  hand  into  it,  it  did  not  feel  fo  much  as  warm. 
This  boiling  feems  to  proceed  from  the  fulphureous 
fumes,  the  fpring  being  not  above  forty  yards  from'  a 
coal-pit,  and  all  the  country  for  many  miles  round  be- 
ing under-laid  with  coal.  - ' 

When  the  water  was  drained  away,  I applied  the 
candle  to  the  furface  of  the  earth  where  the  water 
burned  before.  The  fumes  took  fire  and  burnt  very 
bright  and  vigorous,  the  flame  afcending  a foot  and  a 
half  from  the  ground  : and  the  bafis  of  it  was  as  broad 
as  a man’s  hat  at  the  brim.  It  was  not  drfcoloured 
like  that  of  fulphur,  nor  had  any  fcent.  I ordered  a 
bucket  of  water  to  be  poured  on  the  fire,  and;  it  was 
immediately  quenched.”  ' 


22.  There  was  a fpring  of  the  fame  kind  at  Brofely, 
near  Wenlock,  in  the  county  of  Salop.  It  was  difdo- 
vered  in  June,  171 by  a terrible  noife  in  the  night, 
which  awaked  feveral  people  in  their  beds,  whaoiefir- 
ing  to  know  what  it  was,  rofe  up,  and  coming  to  a 
boggy  place  under  a little  hill  about  two  hundred  yards 
. 03  from 
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from  the  Severn,  perceived  a mighty  rumbling  and 
fbaking  of  the  earth,  and  a little  water  boiling  up 
through  die  grafs.  When  they  dug  up  fome  of  the 
«arth,  the  water  flew  up  to  a great  height,  and  a 
candle  that  was  in  their  hand,  fet  the  vapOur  on  fire. 
There  is  now  (viz.  in  1711)  an  iron  ciftem  round  the 
fpring,  with  a cover,  having  a hole  in  the  middle  of  it. 
If  you  put  a lighted  candle  to  the  hole,  the  water  takes 
fire,  and  burns  like  fpirits  of  wine.  It  burns  as  long 
as  you  keep  the  air  from  it ; but  if  you  take  up  the  co- 
> 'icX)  it  goes  out.  The  heat  of  this  fire  exceeds  that  of 
common  fire.  Some  people,  after  they  have  fet  the 
Water  on  fire,  have  put  a kettle  of  water  over  the  cif- 
tern,  with  a joint  of  meat  in  it.  It  was  boiled  much 
. fooner  than  it  could  be,  by  any  artificial  fire.  If  you 
put  wood  or  even  green  boughs  upon  it,  is  prefently 
confumes  them  to  allies.  The  water  of  itfelf  feels  as 
cold  as  any  common  water.  Nay,  if  you  put  your 
hand  into  it  as  foon  as  the  fire  is  out,  it  feels  as  cold  as 
if  there  had  been  no  fire  near  iti  But  it  ftill  continues 
boiling  up,  with  a confiderable  noife. 

But  this  well  was  loft  for  many  years.  The  poor 
man  in  whofe  land  it  was,  miffing  thf  profit  he  ufed  to 
have  by  Ihewing  it,  ufed  all  his  endeavours  to  find  it 
again : and  in  May,  1 7 4*4*,  hearing  a rumbling  noife 
- under  ground,  a little  nearer  the  river  than  the  former 
well  was,  he  lighted  upon  it  again.  For  five  or  fix  feet 
deep,  it  was  above  fix  feet  wide.  Within  this  was  a 
/ finaller  hole,:  of  like  depth,  dug  in  the  clay,  in  the 
bottom  of  which  was  a cylindric  earthen  veflel,  four  or 
five  inches  diameter,  having  the  bottom  taken  off,  and 
. the  fides  fixed  in  the  clay.  Within  the- 'pot  was  brown 
water,  thick  as  puddle,  continually  Forced  up  with  a 
jviolent  motion  and  a hollow  noife,  rifing  and  falling 
by  turns,  five  or  fix  inches.  Upon  putting  a candle 
at  the  end  of  ^a  ftick,  within  a quarter  of  a yard,  it 
took  fire,  darting  and  flafhing  in  a violent  manner, 
about  half  a yard  high,  much  like  fpirits  in  a lamp, 
but  with  a greater  agitation.  The  man  faid  it  had 
made  a tea-kettle  boil  in  nine  minutes,  and  that  it  would 
burn  forty-eight  hours  without  any  fenfible  diminuti- 
on. It  was  extinguiflied  by  putting  a wet  mop  upon 
"tt«  And  Hill  the  water  felt  very  cold. 

The 
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The  well  lay  about  thirty  yards  from  the  Sevens 
which  in  that  place,  and  for  feme  miles  above  and  be* 
low,  runs  in  a vale  fujl  a hundred  yards  perpendicular' 
below  the  level  of  the  countrv  on  either  fide.  But  the 

m • 

well  is  now  loft  again,  the  water  being  drawn  off  by  a 
coal-pit.  m 

23.  There  is  a fire  of  the  fame  kind  at  Pietra  Mala* 
a village  on  the  Apennines.  > The  flame  is  extremely 
bright,  covers  a furface  of  three  yards  by  two,  and 
ufually  rifes  about  four  feet*  After  great  rains  or 
fnows,  the  whole  bare  patch,  about  nine  yards  diame- 
ter, flames.  The  gravel  out  of  which  it  rifes,  at  a very 
little  depth,  is  quite  cold.  „ There  are  four  of  thefe 
fires  in  the  neighbourhood  : the  middle  of  the  ground 
whence  one  of  them  rifes,  is  a little  hollowed,  and  bas- 
in it  a puddle  of  water,  through  which  there  are  ftrong 
ebullitiois  of  air.  This  air  will  not  take  fire  ; but  that 
which  rifes  through  the  wet  and  cold  gravel,  flames 
brifkly. 

V.  - 

In  Dauphmy,  and'  fome  other  parts  of  France  ther 
furface  of  fgveral  fprings  take  fire  in  the  fame  manner 
on  the  approach  of  a candle.  Sulphureous  Vapours  un- 
doubtedly exhale  from  the  waters  i as  is  the  cafe  in  the 
famous  grotto  del  Cani.  , 

This  lies  on  the  fide  of  a little  hill,  between  Naples 
and  Pozzoli.  The  fides  of  it  are  cut  perpendicular  in' 
the  earth.  It  is  about  three  feet  wide ; near  twelve' 
feet  long  ; five  or  fix  feet  high  at  the  entrance,  and 
lefs  than  three  at  the  farther  end. 

The  ground  fiopes  a little  from  this  end  to  the 
mouth,  and  more  from  thence  to  the  road.  If  you 
ftand  a few  fteps  without,  and  ftoop  fo  as  to  have  your 
eye  nearly  on  a level  with  the  ground  of  the  grotto, 
you  may  fee  a vapour  within,  like  that  which  appears 
over  a chafing-difti  of  red-hot  coals,  only  that  it  ismore 
.fluggifh,  and  does  not  rife  above  five  or  fix  inches  high. 
Its  furface  more  diftin&ly  terminated  than  that  of  other 
vapoufs,  balances  vifibly  under  the  air,  as  if  unwilling 
to  mix  with  it. 

The  ground  of  the  grotto  is  always  moift  j and  fo 
are  the  fides  to  the  height  of  ten  inches!  Yet  thisne- 
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ver  mcreafes  fo  as  to  form  any  drops.  .While  you 
Hand  upright,  you  remark  nothing  more,  than  a flight 
earthy  fmell,  common  in  all  Subterraneous  places 
■which  are  kept  fhut.  But  if  you  put  down  your  hand, 
within  ten  inches  of  the  ground,  it  feels  as  if  you  put  it 
into  the  fleam  $$  boiling  water.  Yet  your  hand  con- 
trails neither  fmell  nor  tafte.  A vapour  fimilar  to  that 
in  the  grotto,  rifes  alfo  from  the  ground  without.  But 
it  is  weaker,  and  does  not  rife  fo  high.  This  partly 
fpreads  itfelf  from  the  cavern,  partly  exhales  from  the 
earth. 

A lighted  flambeau  thruft  into  the  vapour,  prefent- 
iy  goes  out ; yet  without  any  noife  or  hilling.  The 
thick  fmoke  which  appears  immediately  after  its  ex- 
tinction, remains  floating  on  the  vapour,  and  being 
lighter  than  it,  but  heavier  than  the  air  above  it, 
fpreads  between  both.  Indeed  common  fmoke  is  lighter 
than  air : but  that  impregnated  with  the  vapdur  is  hea- 
vier. 

If  a young  vigorous  dog  be  held  down  within  the 
vapour^  he  at  firft  ftruggles,  pants,  fnorts,  and  rattles 
in  the  throat.  But  in  three  minutes  he  lies  as  dead. 
Carry  .him  vinto  the  open  air,  and  he  draws  in  long 
draughts,  as  one  recovering  from  a fit,  and  in  two  mi- 
nutes  gets  upon  his  legs,  and  feem^  to  ail  nothing.  A 
cock  having  his  head  plunged  into  the  vapour,  was 
fuffocated  all  at  once  beyond  recovery.  Frogs  are  ftu- 
pified  by  it  in  three  or  four  minutes  : yet  though  they 
have  laid  in  it  a quarter  of  an  hour,  foon  recover  when 
placed  in  the  open  air.  Large  flies,  beetles  and  butter- 
flies, were  longer  without  giving  figns  of  their  fuffering, 
and  longer  in  recovering.'  A toad  refilled  the  vapour 
near  half  an  hour,  a lizard  above  an  hour  and  a quar- 
ter. And  a large  grafshopper  ftirred  in  the  vapour, 
after  being  more  than  two  hours  in  it. 

An  Englifh  gentleman  kneeled  down  in  the  grotto, 
and  leaning  on  his  hands,  bowed  his  face  to  within  two 
ex  three  inches  of  the  ground,  holding  his  breath, 
keeping  his  eyes  open,  and  his  tongue  a little  out  of 
his  mouth.  He  remained  thus  three  or  four  feconds, 
without  any  painful  impreflion,  or  any  fort  of  tafte  ou 
his  tongue.  And  hence  it  manifeftly  appeared, , that 
this  is  not  a poifo^ous  vapour. 
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He  afterward  advanced  his  face  to  the  furface  of  the 
vapour,  and  took  in  breath  gently.  He  was  fenfible  of 
fomething  fuffocating,  juft  like  the  air  of  a.  hot  and 
moift  ftove.  Likewife  he  felt  a flight  acrimony  in  the 
throat  and  nofe,  which  made  him  cough  and  fneeze ; 
but  no  head-ach,  no  ficknefs  at  ftomach,  nor  any  other 
inconvenience.^ 

~ It  is  clear  then  Upon  the  whole,  that  animals  die  in 
this  vapour,  not  as  poifoned,  but  rather  as  drowned, 
in  a fluid  not  capable  of  fupplying  the  place  of  the  air, 
which  is  neceflary  for  refpiration,  and  equally  necefla- 
ry  to  fuftain  fire,  as  the  flame  of  a lighted  flambeau. 

24*.  A fire  of  a ftrange  nature  appeared  in  Wales, 
about  Chriftmas,  169.3*  A fiery  vapour  came  from 
the  lea,  and  moved  up  and  down  for  many  weeks.  It 
fet  on  fire  fixteen  ricks  of  hay,  at  Harlech,  in  Merion- 
ethftiire,  and  two  barns,  and  annoyed  the  country,  as 
well  by  poifoning  the  grafs,  as  firing  the  hay.  It  was 
a blue,  weak  flame,  and  did  no  harm  to  the  men  who 
tried  to  fave  the  hay,  though  they  ventured  even  to 
touch  it.  An  intelligent  perfon  who  lived  near  Har- 
lech, informed  his  friend  fome  time  after,  “ The  fire 
ftill  continues  there.  It  covers  over  a part  of  the  fea, 
from  a marftiy  place  in  Carnarvonftiire,  eight  or  nine 
miles  off.  The  grafs  over  which  it  moves  kills  all 
manner  of  cattle  that  feed  upon  it,  fheep,  goats,  fwine, 
cows  and  horfes.  But  what  is  very  remarkable  is,  that 
any  great  noife,  as  beating  a drum  or  founding  a 
horn,  effectually  repels  it  from  any  houfe,  or  barn,  ox  - 
ftack  of  hay.” 

25.  A much  ftranger  flame  than  that  which  iffues 
out  of  the  earth,  is  that  which  iffues  out  of  the  ftomach 
of  animals.  The  anatomical  leCturer  at  Pifa,  in  the 
year  1597?  happening  to  hold  a lighted  candle  near 
the  fubjeCt  he  was  diifeCting,  on  a fudden  fet  on  fire 
the  vapours  that  came  out  of  the  ftomach  he  had  juft 
opened.  In  the  fame  year,  as  Dn  Ruifch,  then  ana- 
tomy profeffor  at  Pifa,  was  differing  a woman,  a ftu-_ 
dent  lighting  him  with  a candle,  he  had  no  fooner 
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opened  the  ftomach,  than  there  i/Tued  out  a yellow 
greenifh  flame.  A like  thing  happened  fome  years  af- 
ter at  Lyons,  in-difl'e&ing  a woman.  Her  ftomach 
was  no  fooner  opened,  than  a confiderable  flame  burft 
out  and  filled  the.  place.  But  this  is  not  fo  much  to  be 
wondered  at,  fince  the  experiments  made  by  Dr.  Vul- 
,pari,  anatomical  profeflor  at  Bologna.  He  affirms, 
any  one  may  fee,  ifluing  from  the  ftomach  of  an  ani- 
mal, a matter  that  burns  like  fpirits  of  wine,  if  the  up- 
per and  lower  orifices  are  bound  fall  with  a very  ftrong 
thread.  -The  ftomach  thus  tied  muft  be  cut,  above 
and  under  the  ligature,  and  afterwards  preffed  with 
both  hands,  fo  as  to  make  all  that  it  contains,  pafs  to 
one  fide.  This  will  produce  a fwelling  in  that  part, 
which  muft  be  held  with  the  left  hand  to  hinder  its  ef- 
caping.  A candle  then  being  held  about  half  an  inch- 
from  the  ftomach,  let  it  be  fuddenly  opened  by  the 
right  hand,  and  a bluifh  flame  will  immediately  guflr 
out,  which  will  fometimes  laft  a minute.  The  fame 
way  flame  may  be  brought,  forth  from  the  inteftines 
alfo. 

Nor  is  it  from  carcafes  only  that  flames  have  iflued* 
This  has  been  the  cafe  with  live  perfons  likewile.  Bar- 
tholine  relates,  thataPopifh  Cavalier,  having  drank  a 
quantity  of  brandy  died  in  a little  fpace,  after  an  erup- 
tion of  a flame  through  his  mouth.  He  relates  alfo  the 
cafe  of  three  others,  who  after  drinking  much  brandy 
experienced  the  fame  fymptom.  Two  prefently  died  mr 
the  third  efcaped  by  immediately  drinking  cold  water. 
Still  more  aftoniftiing  is  the  cafe  of  a woman  at  Paris* 
who  ufed  to  drink  brandy  to  excefs.  She  was  one 
night  reduced  to  allies  by  a fire  from  within,  all  but 
her  head,  and  the  ends  of  her  fingers.  In  like  man- 
ner Cornelia  Bandi,  an  aged  lady  of  unblemifhed  lifer 
near  Cefena  in  Romagna,  in  I'M!,  retired  in  the  even- 
ing into  her  chamber  ; and  in  the  morning  was  found 
in  the  middle  of  the  room,  reduced  to  allies,  all  ex* 
cept  her  face,  fcull,  three  fingers  and  her  legs,  which 
remained  entire,  with  her  fhoes  and  ftockings.  The 
allies  were  light  : the  floor  was  fmeared  with  a grofs* 
ftinking  moifture,  and  the  walls  and  furniture  covered 
with  a moift  foot,  which  had  flamed  all  the  linen  im 
the  cheit. 

Perhaps 
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Perhaps  a larger  account  of  fo  remarkable  an  Inci- 
dent will  not  be  unacceptable  to  the  curious  reader. 

The  Countefs  of  Cornelia  Bandi,'  in  the  fixty-fecond 
year  of  her  age,  was  all  day  as  well  as  ufual.  When 
lhh  was  in  bed,  {he  pafled  two  or  three  hours  in  talking 
with  her  maid  ; then  {he  fell  alieep.  The  maid  going 
into  her  chamber  into  the  morning,  faw  two  feet  dif- 
tant  from  the  bed,  a heap  of  allies,  and  two  legs  with 
the  {lockings  on.  Between  them  was  part  of  the  head  ; 
but  the  brains,  half  the  fcull,  and  the  whole  chin  were 
burnt  to  allies.  The  allies  when  taken  up,  left  in  the 
hand  a greafy  and  (linking  moifture.  The  bed  re- 
ceived no  damage  ; the  clothes  were  raifed  on  one  fide, 
as  by  a perfonnfing  from  it.  v "V 

Doubtlefs  the  fire  was  kindled  within  her  by  the 
juices  and  fermentations  in  the  ftomach,  adling  on  the 
many  combuftible  matters,  which  abound  in  living  bo- 
dies, for  the  ufes  of  life.  Thefe  in  deep,  by  a full  re- 
fpi ration,  are  put  into  a ftronger  motion,  and  confe- 
quently  are  more  apt  to  take  fire. 

Borelli  obierves,  that  fuch  accidents  often  happened 
to  great  drinkers  of  wine  and  brandy.  Such  flames 
would  frequently  rife  in  us,  if  the  natural  moifture  did 
not  prevent.. 

Undoubtedly  {he  was  burnt  (landing ; hence  her 
fcull  was- fallen  between  her  legs,  and  the  back  part  of 
her  head  was  damaged  more  than  the  fore  part,  partly 
becaufe  of  her  hair,  partly  becaufe  in  the'- face,  there 
were  many  places  out  of  which  tlje  flames  might  pafs. 

An  inftance  of  the  fame  kind  occurred  at  Chrift 
Church  in  Hampftiire,  on  June  26,  1613.  One  John 
Hitchell,  a carpenter  of  th£t  parifh,  having  ended  his 
day’s  work,  came  home  and  went  to  reft  with  his  wife. 
Her  mother  being  frightened  in  her  deep,  called  to 
them  for  help.  None  anfwering,  die  ftarted  up  and 
waked  her  daughter,  who  found  her  hufband  dead  by 
her  fide.  She  dragged  him  out  of  the  bed  into  the 
iftreet  ; but  the  Heat  then  forced  her  to  let  him  go.  He 
lay  burning  there  for  three  days.  Not  that  there  was 
any  appearance  of  fire  outwardly,  but  only  a fmoke  af- 
-c  ending  from  his  carcafe,  till  it  was  burnt  to  allies: 
except  only  a fmall  part  of  his  bones  which  were  call 
into  a pit. 

Grace 
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Grace  Pett,  was  a fifherman’s  wife,  of  the  parifh  of 
St.  Clement’s,  in  Ipfwich,  about  fixty.  ' She  had  a 
cuftom  for  feveral  years  of  going  down  flairs  every 
night,  after  fhe  was  undreft,  to  fmoke  a pipe.  Her 
daughter  who  lay  with  her,  did  not  mifs  her  till  the 
morning,  April  10,  1744,  when  going  down  flairs  (he 
found  her  mother’s  body  extended  over  the  hearth, 
with  her  legs  on  the  deal  floor,  and  appeared  like  a 
block  of  wood,  burning  with  a glowing  fire  without 
flame.  The  neighbours  coming  in  at  her  cries,  found 
the  trunk  of  the  body  in  a manner  burnt  to  afhes.  It 
then  appeared  like  a heap  of  charcoal,  covered  with 
white  afhes,  the  head,  arms,  legs,  and  thighs,  were 
alfo  much  burnt.  A child’s  clothes,  on  one  fide  of 
her,  and  a paper-fkreen  on  the  other,  were  untouched. 
The  deal  floor  alfo  on  which  her  legs  lay,  was  neither 
finged  nor  difcoloured. 

26.  Almofl  as  ftrange,  though  not  attended  with 
any  ill  confequence,  was  the  following  incident.  In 
November,  Mrs.  Sufanna  Sewall,  wife  to  Major  Sew- 
all,  in  New  England,  obferved  a ftrange  flashing  of 
fparks  in  all  the  apparel  fhe  put  off,  which  continued 
till  candlemas..  In  the  company  of  many  perfons,  fhe 
fent  for  feveral  parts  of  her  wearing  apparel,  and  when 
they  were  fhaken,  fparks  flew  out,  making  a noife, 
much  like  bay-leaves  thrown  into  the  fire.  < One  fpark 
lit  on  major  Sewall’s  thumb-nail,  without  any  heat, 
and  continued  at  leaft  a minute  before  it  went  out. 
They  caufed  Mrs.  Sewall  one  day  to  put  on  her  After 
Digge’s  petticoat  ; and  when  fhe  put  it  off  at  night,  it 
fparkled  as  her  own  ufed  to  do. 

27.  There  is  no  body  but  may  bte  by  fire  converted 
into  glafs  ; not  excepting  gold  itfelf.  And  this  is  the 
laft  effedt  of  fire  : no  art  can  carry  the  change  of  a na- 
tural body  any  farther. 

As  to  the  nature  and  properties  of  it.  t.  Common 
glafs  is  an  artificial  compound  of  fait  with  fand  or 
ftones.  2.  It  is  fufible  by  a ftrong  fire,  and  wjien 
fufed  is  tenacious  and  coherent.  3.  It  does  not  wafte 
in  the  fire.  4.  When  melted  it  cleaves  to- iron.  5. 
When  red  hot  it  is  faihionable  into  any  fhape,  and  ca- 
pable 
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pable  of  being  blown  into  a hollownefs,  which  no  mi- 
neral is.  6.  It  is  frangible  when  thin,  fryable  when 
cold,  and  tranfparent  whether  hot  or  cold.  7-  It  is 
flexible,  elaftic,  and  diflbluble  by  cold.  It  can  be  cut 
only  by  emery  or  a diamond.  8.  It  is  not  di/Toluble 
by  Aquafortis,  Aqua  Regia,  or  Mercury.  9.  Nei- 
ther acids  nor  any  thing  elfe  extra#  colour,  tafte,  or  . 
any  fenfible  quality  from  it.  JO.  It  loofes  nothing  ei- 
ther of  its  fubftance  or  of  its  weight,  by  the  longeft 
and  moft  frequent  ufe.  11.  It  is  hot  capable  of  being 
calcined,  neither  of  contrading  ruft. 

But  there  is  no  property  of  glafs  more  remarkable 
than  its  dudility.  Glafs-fpinners  draw  threads  of  their 
brittle  matter,  melting  over  a lamp,  with  far  more 
eafe  and  expedition,  than  common  fpinners  dothofeof 
flax  or  filk.  Thefe  may  be  drawn  fine  as  a hair,  yea, 

the  thread  of  a fpider’s  web,  fo  as  to  wave  with 
every  wind.  / And  the  finer  they  are,  the  more  flexible. 
If  the  ends  of  two  fuch  threads  be  knotted  together, 
they  may  be  drawn  and  bent  till  the  fpace  in  the  mid- 
dle of  the  knot  does  not  exceed  the  forty-eighth  part  of 
an  inch  in  diameter. 

Near  the  bay  of  Acre,  in  Paleftine,  runs  a little  ri- 
ver, now  called  Kardanah,  fuppofed  to  be  the  ancient 
Belus,  famous  for  its  fand,  much  ufed  in  making  glafs, 
and  faid  to  have  given  rife  to  the  invention  of  it.  The 
Sidonians  are  reported  to  have  made  this  difcovery, 
from  the  following  accident.  Some  travellers  having 
reared  an  hearth  on  the  fand  of  this  river  with  large 
pieces  of  nitre,  and  fet  fome  fern  on  fire  under  a kettle, 
in  order  to  boil  their  viduals,  perceived  the  fand  and 
the  nitre  to  melt  and  incorporate  with  the  fern-alhes, 
and  prefently  after  run  in  a tranfparent  ftream,  which' 
hardened  as  it  cooled.  From  hence  the  hint  of  making 
glafs  was  taken,  which  was  gradually  improved  to  its 
prefent  ufe  and  beauty. 


28.  There  are  few  phenomena  relative  to  glafs  more 
hard  to  be  accounted  for,  than  that  of  the  Bologna 
-bottle,  fo  called,  becaufe  it  was  firft  difcovered  at  Bo- 
logna. If  you  let  thefe  bottles  fall  from  fome  height 
on  a brick-floor,  they  will  not  be  broken  ; but  drop  in- 
to them  fome  hard  body,  and  they  will  burft  in  pieces, 
v - , . I took 
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I took  one  of  thefe,  /ays  Dr.  I.  which  held  near  a pint, 
and  let  it  fall  five  feet  and  a half  on  a brick  floor,  knd 
it  was  not  broken.  I dropt  into  it  a bit  of  flint,  weigh- 
ing eleven  grains,  and  immediately  it  burft  in  pieces. 

I dropt  into  another  bottle  a ball  of  lead,  weighing 
. one  hundred  and  forty  grains,  into  a third  a piece  or 
brafs  weighing  three  hundred  grains,  and  neither  of 
them  was  broken. 

Thefe  glaffes  only  differ  from  common  phials  in  this, 
they  have  not  cooled  gradually  in  what  is  called,  the 
nealing  furnace,  but  are  expoied  to  the  open  air  as 
foon  as  formed.  They  refift  hard  blows  from  without. 
1 have  given  to  fome,  violent  ftrokes  with  a mallet, 
and  they  have  not  broke.  They  likewife  do  not  break, 
though  feveral  heavy  bodies  be  dropt  into  them.  I 
have  dropped  into  them  from  the  height  of  three  feet* 
mufket-balls,  and  pieces  of  iron,  brafs,  gold,  without 
any  effeft;  but  when  I dropt  into  it  from  the  height  of 
. three  inches,  a (hiver  of  flint  no  bigger  than  a fmalf 
.pea,  in  about  two  feconds  the  glafs  flew.  Having  tried 
the  experiment  on  feveral  others  with  the  fame  piece  of 
flint,  moft  of  them  broke  in  the  moment  of  the  ftroke, 

; j • the  reft  one  or  two  feconds  after  it. 

I let  fall  into  feveral  glaffes  a flint  of  half  the  fize, 
and  they  flew  in  like  manner.  I let  fall  into  one,  a flint 
no  larger  than  a grain  of  fand,  fhook  the  glafs,  and 
fet  it  down.  I did  the  fame  with  four  others.  Jit 
about  half  an  hour  one  of  them  flew,  and  the  other 
four  foon  after. 

I let  fall  into  one  a fapphire  fet  in  a ring  : and 
a though  the  bottom  of  the  glafs  was  near  an  inch  thick, 

; . 7 the  fapphire  patted  through  it  as  through  a fpider’s 

web.  The  glafs  flew  all  ways,  and  the  ring  remained 
on  the  table,  juft  where  it  fell.  ^ , . 

* A bit  of  china,  half  a line  thick  and  two  lines  broad, 
broke  feveral  glaffes,  fo  did  a bit  of  glafs  of  the  fame 
fize  i fo  did  diamonds  alfo.  And  a very  fmall  piece 
of  tempered  fteel,  broke  all  the  glaffes  into  which  I 
dropped  it. 

Some  large  hollow  cups  made  at  Worcefter  of  com- 
mon green  glafs,  much  larger  than  the  others,  and 
.fome  of  them  above  three  inches  thick  at  the  bottom, 
though  they  were.not  affected  by  a mufket-ball,  dropt 

from 

. • * * - > , 


- 


/ 


( SSI  ) 

from  the  height  of  near  three  feet,  were  inflantly  bro- 
ken  with  a fhiver  of  flint,  weighing  but  two  grains* 

There  is  fome thing  aftoniftiing  in  the  power  of  Telef- 
copes,  to  bring  far  diftant  objedls  near  ; and  of  Mi- 
crofcopes,  to  render  thofe  clear  and  diftinft,  which  are 
quite  invifible  to  the  naked  eye.  And  no  lefs  amazing 
in  another  kind,  is  the  force  of  burning  glaffes.  1.  A 
piece  of  wood  laid  before  a large  burning-glafs,  took 
fire  in  an  inftant.  2.  Water  contained  in  an  earthen 
veflel  boiled  immediately,  and  in  a fliort  time  quite 
evaporated.  3.  A mafs  of  lead,  three  inches  thick, 
began  to  melt  in  a moment,  and  foon  after  ran  in  a con- 
tinued , thread.  4.  A fteel-plate  grew  red-hot  almoft 
in  an  inftant,  and  fmall  boles  were  made  through  it. 

Slate  becomes  black  glafs  ; tiles,  yellow  glafs  \ earth- 
en pots,  a darkifh  yellow  glafs.  6.  A pumice  ftone 
became  white  glafs ; earth,  black  glafs ; bones  an  opaque 
one. 

But  in  the  extremely  hot  weather  at  Paris  in  1703, 
the  rays  of  the  fun,  collected  by  a large  glafs,  had 
fcarce  any  force,  though  the  feparate  rays  quite  in- 
flamed the  air.  I'he  reafon  of  fo  furprifing  a thing 
feems  to  be,  that  the  heat  raifed  from  the  earths  great 
iulphureous  exhalations,  embarrafled,  flopped,  and  in  „ 
fome  degree  abforbed  the  rays  of  the  fun. 

29.  Equally  ftrange  are  the  phenomena  of  the  Glafs- 
drop.  The  make  of  this  drop  is  as  Ample,  as  its  ex- 
planation is  difficult.  They  take  up  a fmall  quantity 
of  melted  glafs  on  the  top  of  an  iron  rod,  and  let  it 
drop  into  a pale  of  water.  When  it  does  not  break  in 
the  operation,  it  forms  the  glafs-drop.  This  is  of  fuch 
firmnefs,  that  it  bears  fmart  blows  of  a hammer,  with- 
out breaking.  But  if  you  break  only  the  tip  of  the 
fmall  end,  the  whole  fhatters  into  powder.  This  fhat- 
tering  is  attended  with  a loud  report,  and  the  powder 
fcatiers  all  around,  v If  the  experiment  be  made  in  the 
air-pump,  the  drop  burfts  more  impetuoufly,  and  the 
duft  is  finer  than  when  it  burfts  in  the  open  air.  This 
-is  a plain  matter  of  fa<ft.  I do  not  undertake  to  account 
for  it. 

* - * y . / ' 

Gunpowder  is  commonly  fuppofed  to  have  been  in- 
vented by  Barthold  Schwartz,  about  the  year  1 380. 

, - ' But 
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But  Roger  Bacon  knew  of  it,  a hundred  and  fifty  years 
before  Schwartz  was  born.  For  in  his  treatife  de  Nuk- 
litate  Magica,  publifhed  at  Oxford  in  1216,  are  thefe 
words.  44  You  may  raife  thunder  and  lightning  at 
pleafure,  by  only  taking  fulphur,  nitre,  and  charcoal, 
which  Angle  have  no  effeft,  but  mixed  together  and 
confined  in  a clofe  place,  caufe  a noife  and  explofion 
greater  than  that  of  a clap  of  thunder.” 

The  effe<5t  of  gunpowder  is  owing  to  the  fpring  of 
the  air,  inclofed  in  the  grains  and  in  the  fpaces  be- 
tween them.  All  thefe  fprings  are  dilated  by  the  fire, 
and  fet  a playing  at  once.  The  powder  itfelf  only 
ferves  to  light  the  fire,  which  puts  the  air  in  a&ion. 

Aurum  fulminans,  a preparation  of  gold,  is  far 
ftronger  than  gunpowder.  A fcruple  of  this  a£ts  more 
forcibly  than  half  a pound  of  that.  A fingle  grain 
laid  on  a knife,  and  lighted  at  a candle,  goes  off  with 
a greater  noife  than  a mufket. 

SO.  Air  is  that  clear,  tranfparent,  compreffible  fluid 
which  is  extended  at  lead  round  the  terraqueous  globe, 
being  with  us  about  46,656,000,000  times  more  denfe 
and  fluggifli  than  aether,  betwixt  which  and  the  air  there 
is  a very  great  affinity  or  attra&ive  force,  which  is  as 
their  denfity  ; i.  e.  the  air  contiguous  to  the  aether  takes 
in  and  concentrates  the  aether  proportionally  to  its 
greater  denfity,  by  which  it  is  rendered  more  fpringy  * 
and  a&ive,  with  this  difference,  that  the  air  by  contact 
and  cohefion  in  the  parts  of  bodies,  becomes  folid  and 
unelaftic  (but  aether  never)  ; from  whence  again,  by 
heat,  fire,  or  dilfolution  of  parts  being  feparated,  its 
elaflicity  returns.  This  element  has  a near  affinity  or 
relation  to  water,  becaufe  it  eagerly  takes  up  rarefied 
water  into  itfelf,  as  water  again  drinks  up  a portion  of 
air  within  its  contact ; fo  that  air  and  water  actuated 
by  aether,-  make  the  levers  and  wedges  by  which  nature 
performs  all  her  changes  in  bodies.  And  ferves  as 
the  common  medium  of  communication  between  us 
and  all  bodies. 

The  preffure  of  a column  of  air  upon  a fquare  inch 
only,  is  equal  to  fifteen  pounds  weight.  That  upon 
the  furface  of  a human  body,  generally  amounts  to  at 
leaf!  thirteen  tons  weight  feeing  all  fluids  prefs  with 
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an  equal  force  every  way,  upwards,  downwards,  fide- 
ways,  and  in  all  direftions.  , ' - 

« But  how  is  it  then  that  our  bodies  are  not  cruflied 
in  pieces  ?”  Our  bodies,  as  well  as  all  others,  are  filled 
with  air  throughout : and  the  fpring  of  the  internal 
air  is  equal  to  the  preffure  of  that  without.  And  whea 
two  equal  forces  aft  in  contrary  direftions,  they  en- 
tirely deftroy  each  other’s  effefts : hence,  if  the  ambi- 
ent air  prefs  upon  us,  it  is  all  one  as  if  it  did  not  prefs 
at  all.  ^ 

The  elafticity  of  the  air  is  a counterbalance  to  its 
gravitation.  And  how  neceffary  is  it,  that  thefe  Ihould 
balance  each  other  ? Were  the  power  of  gravity  to  be  fuf- 
pended  for  a moment,  and  that  of  elafticity  to  remain, 
the  atmofphere  would  inftantly  be  diffipated,  through 
the  infinite  regions  of  fpace.  But  while  the  weight  of 
the  air  and  its  elaftic  force  are  equal,  they  produce  an 
equilibrium  among  the  particles  of  air,  in  every  part 
of  the  atmofphere. 

As  the  higher  it  is,  the  air  is  more  and  more  ex- 
panded, gravitation  being  lefs  and  lefs,  fo  the  parts  of 
the  air  in  the  upper  regions  will  be  expanded  only  not 
to  infinity. 

The  air  is  generally  invifible.  And  it  is  neceffary  it 
Ihould  be  fo.  For  as  it  is  the  medium  through  which 
we  fee  objefts,  if  the  parts  of  it  were  perceptible,  it 
would  render  the  view  of  thefe  objefts  far  lefs  perfeft 
and  diftinft.  Hence  a greatly  magnifying  .telefcope, 
as  it  (hews  the  body  of  air,  makes  the  view  of  other 
objefts  more  confufed. 

Yet  in  fome  cafes  you  may  feem  to  fee  the  air.  In  . 
a very  hot  fummer’s  day,  in  an  open  part  of  the  coun- 
try, place  yourfelf  on  an  eminence,  nearly  facing  the 
fun.  Then,  if  there  be  a gentle  wind,  there  will  be  a 
reflexion  of  light  from  the  body  of  the  air  in  the  vale 
below.  And  you  will  fee  the  undulations  or  waves  of 
air  almoft  as  perfeftly  as  you  may  thofe  of  water,  agi- 
tated, by  a gentle  wind.  And  yet  in  truth,  it  is  not 
the  air  which  you  fee,  but  the  vapours  that  float  therein. 

One  property  of  air  is  its  weight  or  gravity.  This 
you  will  immediately  feel,  if  you  lay  your  hand  on 
•the  mouth- of  a veffel,  which  is  emptied  of  air.  If 
yon  lay  a fquate  piece 'of  glafs  on  the  orifice  of  an  air- 
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pump,  when  the  air  is  drawn  out,  'it  will  be  broke  to 
fhivers  with  a great  noiie.  Or  extra#  the  air  from  be- 
tween two  fmoothly  polifhed  marbles,  and  clofe  the 
edges  with  wax,  they  will  then  be  fb  Arongly  preft  to- 
gether, as  not  eafily  to  be  feparated.  But  we  need  no 
other  proof  of  it  than  the  barometer : a glafs  tube, 
clofe  at  one  end,  and  filled  with  mercury.  Immerge 
the  other  end  in  a bafon  of  the  fame  fluid,  and*  when 
it  is  erefted,  the  mercury  in  the  tube  will  rife  thirty 
inches,  above  the  furface  of  that  in  the  bafon. 

The  changes  then  in  the  barometer  are  wholly  owing 
to  the  changes  in  the  weight  of  the  atmofphere.  But 
%o  what  are  thefe  owing?  It  feems,  chiefly  to  the 
winds.  For  1.  Thefe  mud  alter  the  weight  of  the  air 
in  any  particular  place,  either  by  bringing  together  and 
accumulating  the  air,  which  is  the  cafe  when  two 
winds  blow  at  the  fame  time  from  oppofite  points : or 
by  fweeping  away  part  of  the  air,  as  when  two  winds 
blow  oppofite  ways  from  the  fame  point : or  laftly,  by 
cutting  off  the  preffure  ©f  the  atmofphere,  which  hap- 
pens when  any  wind  blows  brifkly  any  way : 2.  Cold, 
nitrous  particles  load  the  atmofphere,  and  increafe  its 
weight:  3.  So  do  heavy,  dry  exhalations  from  the 
earth : 4.  The  air  being  rendered  heavier  is  more  able 
to  fupport  the  vapours,  which  being  intermixed  with  it, 
make  the  weather  fair  and  ferene.  When  it  is  ren- 
dered lighter  by  the  contrary  caufes,  it  becomes  unable 
to  fupport  the  vapours,  which  then  fink,  gather  into 
drops,  and  fall  in  rain. 

With  us  the  mercury  is  the  higheft  when  the  wind 
is  north  or  north-eaft,  and  fo  brings  the  cold,  con- 
denfed  air  of  the  northern  climates.  In  all  northern 
countries  the  mercury  varies  more  than  in  the  fouthern, 
the  winds  being  more  frequent,  ftrong,  various  and 
oppofite  to  each  other.  Between  the  tropics  it  fcarce 
varies  at  all,  the  winds  being  fmall,  and  generally 
blowing  the  fame  way. 

The  preffure  of  the  air,  is,  caeteris  paribus,  as  its 
height.  Carry  the  barometer  to  a higher  place,  where 
the  incumbent  column  of  air  is  fhorter,  and  a fhorter 
column  of  air  is  fuftained : it  being  found  to  defcend 
at  the  rate  of  a quarter  of  an  inch  for  every  hundred 
feet  of  afcent. 

• , \ • New  ' 
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Now  air,  as  all  other  fluids,  muft  prefs  equally  every- 
way. Hence  it  is,  that  foft  bodies  fuftain  their  pref- 
fure,  without  any  change  of  figure,  and  brittle  bodies 
without  breaking,  though  that  preflure  be  equal  to  that 
of  a column  of  mercury,  thirty  inches  high,  or  a co- 
lumn of  water  of  thirty  feet.  Nothing  can  keep  thefe 
bodies  unchanged,  but  the  equable  preflure  on  all  fides, 
which  refifts  as  much  as  it  is  refilled.  And  hence  on 
removing  or  leflening  that  preflure  on  one  fide,  the 
effect  of  it  is  foon  perceived  on  the  other. 

It  is  by  means  of  its  gravity,  1.  That  the  air  clofely 
inverts  the  earth  with  all  the  bodies  on  it,  and  bends 
them  down:  that  it  prevents  the  arterial  veflels  of 
plants  and  animals  from  being  too  much  diftended,  by 
the  impetus  of  the  circulating  juices : and  that  it 
hinders  the  blood  from  oozing  out,  through  the  pores 
of  their  containing  veflels.  Hence  they  who  travel  up 
high  mountains,  the  higher  they  afcend,  are  relaxed 
the  more,  till  they  fell  into  fpitting  of  blood.  2.  The 
mixture  of  contiguous  fluids  is  chiefly  owing  to  this. 
Hence  many  fluids  which  readily  mix  in  the  air,  when 
that  is  removed,  remain  leparate.  3.  It  determines 
the  action  of  one  body  upon  another.  Thus  it  prefles 
the  particles  of  fire  againft  the  fuel.  Whereas  upon 
removing  the  aii;,  the  fire  immediately  goes  out.  So 
aqua  regia  ceafes  to  diflblve  gold,  if  the  air  be  taken 
away  : hence  alfo  on  the  topsof  high  mountains,  as  on 
the  Pike  of  Teneriffe,  the  moll  acrid  bodies,  fuch  as 
pepper,  ginger,  fait,  have  no  fenfible  tafte } for  want 
of  a fufficient  gravity  in  the  air  to  prefs  tlyir  particles 
into  the  pores  of  the  tongue. 

I ~ / 

Another  property  of  air  is  elasticity.  It  yields  to  an 
impreflion,  by  contracting  its  dimenfions,  and  returns 
to  them,  on  removing  the  impreflive  caufe.  This  en- 
deavour to  expand  itfelf,  every  particle  of  air  continu- 
ally exerts,  againft  an  equal  endeavour  of  the  ambient 
particles.  Hence  it  is,  that  a bladder  full  of  air,  will 
burft  in  an  exhaufted  receiver : while  one  that  before 
deemed  empty,  fwells  and  appears  to  be  full  of  air. 

This  power  does  not  feem  to  have  any  bounds.  Nor 
is  it  eafy  to  be  deftroyed.  Let  air  be  expanded  ever  lb 
much,  it  ft  ill  retains  its  Ipring.  Nor  is  this  fenfibly 
41  diminiftied 
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dimmifhed  by  any  experiment  which  has  yet  bee* 
made. 

There  is  no  fixing  any  bounds  to  its  condenfation, 
any  more  than  to  its  dilatation.  It  will  dilate  into  a 
thoufand  times  its  former  fpace,  yea  into  13,679  times. 
And  all  this  by  its  own  expanfive  force,  without  any 
force  of  fire.  The  air  we  breathe  near  the  furface  of 
the  earth  is  compreft  by  its  own  weight,  into  at  leaft 
the  13,679th  part  of  the  fpace  it  would  poflefs  in  vacuo. 
And  if  the  fame  air  be  farther  condenfed  by  art,  the 
ipace  it  will  take  up  when  mod  dilated,  will  be  (ac- 
cording to  Mr.  Boyle)  to  that  it  poffeffed  when  moft 
condenfed,  as  550,000  to  one. 

- * , . f-  ■* 

If  while  we  increafe  the  elafticity  of  air,  on  one  fide . 
by  compreffion,  we  increafe  it  on  the  other  fide  by  heat, 
the  force  of  both  foon  becomes  irrefiftible j and  a French 
philofopher  fuppofed,  that  air  thus  confined  and  ex- 
panding was  fufficient  for  the  explofion  of  a world.  In 
order  to  determine  the  elafticity  of  air,  the  wind-gun 
has  been  invented,  which  is  an  inftrument  that  com- 
preffes  a large  quantity  of  air  into  a tube  in  which  • 
there  is  an  ivory  ball,  and  then  gives  the  compreffed 
elaftic  air  free  power  to  ad  and  drive  the  ball  as  di- 
rected. The  ball  thus  driven  will  pierce  a thick  board, 
and  will  be  as  fatal  at  fmall  diftances,  as  if  driven  with 
gun-powder.  I do  not  know  whether  ever  the  force  of 
this  inftrument  has  been  afllfted  by  heat ; certain  I am, 
that  this,  which  could  be  very  eafily  contrived  by  means 
of  phofphorus,  or  any  other  hot  fubftance  applied  to 
the  barrel,  ^ould  give  fuch  a force  as  I doubt  whether 
gun-powder  itfelf  could  produce. 

Every  thing  we  fee  gives  of  its  parts  to  the  air,  and 
has  a little  floating  atmofphere  of  its  own  round  it. 
The  rofe  is  encompafTed  with  a fphere  of  its  own  odor- 
ous particles ; while  the  night-fhade  infeCts  the  air  with 
fcents  of  a more  ungrateful  nature.  The  perfume  of 
mulk  flies  off  ip  fuch  abundance,  that  the  quantity  re- 
maining becomes  fenfibly  lighter.  A thoufand  fub- 
ftances  that  efcape  all  our  fenfes,  we  know  to  be  there ; 
the  powerful  emanations  of  the  loadftone,  the  effluvia 
of  electricity,  the  rays  of  light,  and  the  infinuation  of 
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fire.  Such  are  the  various  fubftances  through  which 
we^move,  and  which  we  are  conftantly  taking  in  at 
every  pore,  and  returning  again  with  an  imperceptible 
‘ dilcharge. 

This  great  mixture  of  all  earthly  bodies  is  continu- 
ally  operating  upon  itfelf ; which  perhaps,  may  be  the 
caufe  of  Its  unceafing  motion ; but  it  operates  ftill 
more  vifibly  upon  fuch  grofler  fubftances,  as  are  ex- 
pofed  to  its  influence ; for  fcarce  any  fubftance  is  found 
capable  of  refifting  the  corroding  qualities  of  the  air.' 
The  air,  fay  the  cnymifts,  is  a chaos  furnifhed  with  all 
kinds  of  falts  and  menftruums ; and  therefore  it  is  ca- 
pable of  diflolving  all  kinds  of  bodies.  . It  is  well 
% known  that  copper  and  iron  are  quickly  eaten  with 
ruft : and  that  in  the  climates  near  the  equator  no  art 
can  keep  them  clean.  In  thofe  countries,  inftruments, 
knives,  and  keys,  though  kept  in  the  pocket,  never- 
thelefs  are  quickly  .Incru  (led  ; and  the  great  guns,  with 
every  precaution,  after  fame  years  become  ufelefs. 
Stones  may  be  fuppofed  to  be  more  eafily  foluble, 

, The  marble  of  which  the  noble  monuments  of  Italian 
antiquity  are  compofed,  although  in  one  of  the  fined 
climates  in  the  world,  neverthelefs  Ihew  the  impreflions 
which  have  been  made  upon  them  by  the  air.  In  many 
places  they  feem  worm-eaten  by  time ; and  in  others, 
- they  appear  crumbling  into  duft.  Gold  alone  feems  to 
be  exempted  from  this  general  diflolution.  It  is  never 
found  to  contract  ruft,  tho’  expofed  never  fo  long:  the 
reafon  is,  that  fea-falt,  which  is  the  only  menftruum 
of  gold,  is  but  very  little  mixed  with  the  air,  being  a 
yery  fixed  body,  and  not  apt  to  volatilize.  In  the  la- 
boratories however,  where  the  air  is  impregnated  with 
it,  gold  is  found  to  ruft,  as  well  as  other  metals. 

By  its  elafticity  air  infinuates  into  the  pores  of  bodies, 
carrying  with  it  this  faculty  of  expanfion  ; whence  it 
mud  neceflarily  put  all  the  particles  it  is  mixed  with, 
into  perpetual  ofcillations.  And  as  its  elafticity  is  ne- 
ver the  fame  for  two  moments  together,  there  mult  be 
an  inceffant  dilatation  and  contraction  in  all  bodies. 
To  this  is  owing  all  putrefaction  and  fermentation,  nei- 
ther of  which  will  proceed  in  vacuo.  And  indeed  all 
natural  corruption  and  alteration  feem  to  depend  here- 
on: fo  that  metals,  particularly  gold,  are  fo  durable, 

Vol,  II,  P * only 


% 


( 338 

t>nlyty  bemg  Impervious  to  air.  And  ytt  itTazy 
hi  doubted,  whether  air  itfelf  be  the  true,  original, 
univerfal  diffolvent  \ or  rather  the  ethereal  fire,  which 
is  intimately  united  with  every  particle  of  it : and  with- 
out which  air  is  effete  and  ufelefs,  neither  able  to  feed 

flame,  nor  to  fuftain  animal  life. 

That  there  is  fome  matter  in  air  much  finer  than  the  , 
air  itfelf,  appears  from  many  confiderations.  In  an 
exhauftfcd  receiver  fomething  remains,  which  conveys 
tire  heat,  near  as  readily  as  air.  Now  this  muff  be  a 
body,  and  a body  fubtle  enough  to  penetrate  the  pores 
of  glafs.  Doubtlefs  then  it  penetrates  the  pores  of  all 
other  bodies,  and.  confequently  is  diffufed  througn  the 
univerfe.  And  this  feems  to  be  not  <5nly  more  fttbtle 
th^n  the  air,  but  fay  more  weighty  and  elaflic.  *1  o the 
weight  of  this  may  he  owing  the  weight  of  the  air,  and 
of  all  other  bodies  i tp  its  elafticity,  the  elafticity  of 
the  air,  and  of  ajl  other  elaftic  bodies.  This  allp  may 
capfe  the  refle&ion  and  other  phenomena  of  light : as 
alfo  fenfation,  and  mufcular  motion.  ^ Indeed -it  feems 
to  be  the  fir  ft  fpring  of  all  the  action  in  the  univerfe. 

Air  is  fometimes  deprived:  of  its  elafticity,  and 
wrought  into  the  fubftance  of  other  bodies,  from  which 
neverthelefs  it  may  he  extracted,  and  refume  its  elaftic 
ftate..  As  to  animal  fubftances,  a very  confiderable 
quantity  of  air  isextra&ed  from  them  by  diftillation, 
Niiot  only  from  the  blood  and  fat,  but  alfo  from  the  moft 
folid  parts  of  animals.  Half  a cubic  inch  of  a fal- 
low  deer’s, horn,  produced  11 7 cubic  inches  of  air , half 
a cubic  inch  of  oyfter  (hells,  no  lefs  than  162  cubic 

As  to  vegetable  Aibftances,f,half  a cubic  inch  of 
heart  of  oak  generated.  1.08  cubic  inches ; a cubic  inch 
of  peas,  396  cubic  inches,  or  113.  grains,  which  was 
above  athirdof  its.  weight.  This  ajr  will  flaln,  if 
touched  with  a. candle. 

' Camphim  generates  no  air  : brandy  next  to  none: 

. well-water,  or  rain-water,  a little  : Pyrmont-water, 
twice  as  much;  which  air  contributes  to  the  bniknels 


of  this  apd  Other  mineral  waters.  • 

Prom  minerals  much  air  may  be  extrafled,  . Hair  an 
inch  of  Newcastle  coal  yielded  180  inches  of  air,  which 

weighed  near  one  third  of  the.  coal. 
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Yet  a good  part  of  the  air  extracted"  from  thefe  bo* 
dies,  in  come  days  gradually  ^oft  its  elafticity : becaufe 
the  acidj  fulphureous  fumes,  raifed  with  the  air,  re- 
forbed and  fixed  the  elaftic  particles.  But  when  a 
means  was  found,  to  prevent  this,  it  loft  only  a (e- 
venteenth  or  eighteenth  part : and  that  chiefly  in  the 
firft  twenty-four  hours;  the  reft  was  permanently 
elaftic. 

There  is  another  way  of  producing  air,  which  ftems 
to  be  more  natural,  - namely  by  fermentation.  A cubic 
inch  of  * oil  of  vitriol  with  half  an  inch  of  fal  am- 
moniacgenerated fix  cubic  inches- of  air  ; fir  inches  of 
powdered  oyfter-fliells,  and  an  equal  quantity  of  white-  *. 
wine  vinegar,  generated  twenty-nine  inches. 

That  much  air  is  incorporated  into  the  fubftance  of  , 
vegetables,  appears  from  the  following  experiments. 

Forty-two  inches  of  ale  from  the  tun  generated  in 
three  months,  636 cubic  inches  of  air:  twelve  inches 
of  Malaga  raifins,  in  fix  weeks  generated  411  inches : 
twenty-fix  inches  of  apples,  in  thirteen  days  generated 
968  inches  of  air.  They  then  in  three  or  four  days 
reforbed  about  twelve  inches,  and  afterwards  neither 
generated  nor  reforbed. 

That  the  air  arifing  f rom  diftilled  or  fermenting  bo- 
dies, is  true  air,  appears  from  hence,  that  it  continues 
in  the  fame  expanded  ft  ate.  for  weeks,  or  months,  which 
expanded  vapours  will  not  do.  And  that  it  is-  elaftic 
appears,  by  its  dilating  and  contra&ing  with  heat  and 
cold,  as  common  air  does.  ; . x- 

Air  then  makes  a very  confiderablepart  of  the  fub- 
ftance of  vegetables  as  well  as  animals.  And  befide 
thefe  particles  oft  air  which  ftrongly  adhere  to,;  and  are 
wrought  into  their  fubftance,  there  is  in  them  a large 
quantity  which  is  upon  the  wing,,  and  in  a very  aftive 
ftate. 

To  {hew  how  much  air  is  contained  in  whitepaper, 
take  as  many  flips  of  it  as  weigh  a hundred  grains. 
Bum  thefe  warily  by  the  flame  of  a candle,,  and  then 


* Mr*  GeofFry  shews,  that  the  mixture  of  any.  vitriolic  salts 
with  inflammable  substances,  will  yield  common  brimstone;  par- 
ticularly of  oil  of  vitriol  with  oil  of  turpentine.  Brimstone 
therefore  is  nothing  but  vitriolic  salt,  united  with  some  combusti- 
ble substance. 
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■weigh  the  allies.  You  will  find  the  hundred  grains'  re- 
duced to  fix.  So  ninety-four  grains  out  of  one  hun- 
dred, are  undeniably  transformed  into  air.  They 
.could  not  be  annihilated.  And  they  could  not  rife  and 
fly  away  without  a repelling  force  to  carry  them  off. 
Thus  the  candle  itfelf  is  by  degrees  transformed  from 
heavy  palpable  wax,  into  a light,  impalpable  body  of 
air.  But  obferve : all  bodies  which  thus  become  air, 
pafs  through  the  intermediate  ftate  of  flame.  So  that 
properly  fpeaking,  the  lame  body  was  one  moment 
paper, -the  fecond  moment  fire,  and  the  third,  air. 
How  different  dates  for  the  fame  fort  of  matter  to  fub- 
fift  in,  in  fo  Ihort  a time. 

The  air-pump  Ihews  how  much'air  is,  even  in  wa- 
ter. Place  a tall  glafs  of  water  in  the  receiver.  Turn 
the  winch,  and  you  fee  bubbles  of  air  through  the 
body  of  the  water.  Firft  they  are  thick,  but  fmall ; 
then  they  grow  large,  and  rife  to  the  top  of  the  water. 
And  as  long  as  the  pump  works,  fo  long  the  air  riles, 
but  more  flowly,  and  in  larger  bubbles.  In  wine  the 
air-bubbles  rulh  violently  to  tire  top  and  feurft.  Nay, 
and  the  liquor  perfectly  boils,  like  water  on  the  fire. 
Yea,  and  hot  water  may  be  made  to  boil  by  the  air- 
pump*  as  well  as  by  fire.  Hence  it  appears,  that  boil- 
ing is  nothing  but  the  motion  produced  from  the  ex- 
panfion  of  the  air,  whether  by  fire,  or  by  the  warmth 
and  pump  conjointly.  . > 

By  another  experiment  it  appears,  that  any  piece  of 
wood  is  pervious  to  the  air,  and  that-its  air-veffels  run 
through  the  whole  length  or  fubftance  of  the  tree. 
Nay,  quickfilver  may  be  made  to  pafs  through  a piece  of 
- wood,  and  defcend  in  the  form  of  a (hower  of  rain. 

By  the  air-pump  we  likewife  meafure  the  weight, 
and  find  that  a pint  of  it  weighs  8 grains.  Confe- 
quently  a gallon  weighs  a little  more  than  a drachm : 
therefore  a bufhel  weighs  an  ounce  and  half  a drachm. 

Another  experiment  proves  what  one.  would  not  fuf- 
pe£t.  Bodies  moving  in  a fluid,  meet  fo  much  the 
more  refiftance,  as  their  bulk  is  larger  in  equal_ weight. 
So  a cork  of  equal  weight  with  a guinea,  meets  with 
fo  much  the  more  refiftance  from  the  air.  But  in  ah 
exhaufted  receiver,  the  largeft  bulk  of  cork,,  which  was 
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before  the  mod  refitted,  now  proves  the  heavier  body, 
and  accordingly  falls  more  fvviftly  than  the  gold. 

_ Again.  Strike  a flint  againft  the  fteel  in  Vacuo,  and 
it  will  occafion  no  fparks.  So  neceffary  is  air  to  the 
very  appearance  of  fire. 

Air  is  generated  likewife  from  minerals  by  fermen- 
tation. By  other  fermenting  mixtures  it  is  abforbed 
‘ again,  and  by  others  generated  ai}d  abforbed  alter-  t 
naterf.  •>.  . 

*A  quarter  of  an  inch  of  filings  of  iron,  and  an  inch 
< of  compound  aquafortis,  in  four  days  abforbed  27 
inches  of  air.  When  hot  water  was  poured  upon  it, 
it  generated  three  or  four  inches,  which  after  fome  days 
, jt  abforbed  again.  A quarter  of  an  inch  of  iron  til- 
ings,  with  an  inch  of  powdered  brimftone,  abforbed 
/,.  nineteen  inches  in  |wo  days.  Powdered  brimftone 
mixed  with  Newcaftle  coal,  neither  generated  nor  ab- 
forbed. 

An  inch  of  chalk,  and  as  much  oil  of  vitriol  in  three 
days  generated  31  inches  of  air.  Part  of*  this  it  af- 
terwards reforbed.  Two  inches  of  lime  and  as  much 
fal  ammoniac  abforbed  1 15  inches.  The  fumes  of 
this  are  therefore  very  fuffocating.  Ail  burning  and 
flaming  bodies,  abforb  much  air.  And  whereas  the 
air  which  fome  fub fiances  abforb,  is  afterwards  remit- 
ted, that  which  is  abfoibed  by  burning  brimftone,  by 
the  flame  of  a candle,  or  by  human  refpiration,  does 
not  recover  its  elasticity* 

The  elafticity  of  the  air  in  the  veficles  of  the  lungs 
is  continually  decreafing,  through  the  vapour  it  is  there 
loaded  with  : fo  that  there  needs  frefh  air  continually  ; 
otherwile  thole  veficles  will  foon  fall  flat,  whereby  the 
motion  of  the  blood  through  the  lungs  being  ftopt,  in- 
ftant  death  enfues.  And  this  feems  to  be  exactly  the 
cafe  of  raoft  of  thofe  who  are  killed,  by  lightning,  which 
fo  totally  deftroys  the  elaftic  air  in  the* lungs,  that  they 
inftantly  fall  flat. 

, . 4 " \ [ * **  * . ' m 

31.  Many  have  imagined  that  the  animal  fluids  are 
furnifoed  with  air  by  the  lungs  only.  But  undoubtedly 
they  are  alfo  fupplied  therewith,  by  way  of  the  chy- 
liferous  canals  : and  that  in  no  fmall  quantity.  For 
the  air,  like  all  other  animal  fluids,  requires  to  be  per- 
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petual'j  renewed  j accordingly  old  particles  fly  off 
every  molBeflt,  and  new  ones  fucceed  in  their  place. 

It  may  be  dernon (traced,  that  urine  contains  much 
air.  Doubtlefs  fo  does  the  perfpirable  matter  : which 
being  the  lighted  of  all  animal  fluids,  is  the  chief  ve- 
hicle of  the  effete  and  ufelefs  air. 

And  that  candles  foon  go  out,  if  they  are  confined 
in  afmall  quantity  of  air,  feems  not  to  be  fo  much  ow- 
ing to  their  having  rendered  die  air  effete,  by  confam- 
ing  its  vivifying  fpirit,  as  to  its  deftroying  the  elafticity 
thereof  by  its  acid,  fuliginous  vapours. 

But  nothing  deftroys  the  elafticity  of  air  like  brim- 
ftone,  whether  burning  or  in  fermenting  mixtures. 
And  as  the  attractive  power  of  bodies,  is  found  to  be 
more  or  lefs,  as  they,  have  more  or  fewer  fulphureous 
particles,  fo  we  may  reafonably  afcribe  the  fixing ‘the 
elaftic  particles  of  air,  to  the  ftrong  attraction  of  the 
fulphureous  particles,  with  which  Sir  Haac  Newton 
fuppofes  all  bodies  to  abound,  more  or  lefs. 

The  various  mixtures  in  the  ftomach,  fometimes  ge- 
nerate, fometitnes  abforb  air.  In  a good  digeftion  the 
generating  power  exceeds  the  abforbing  power  but  a 

1-  a-LLi. a 


little,  When  it  exceeds  jt  muth>  we  are  troubled  more 
or  lefs,  with  diftending  flatus’s. 

We  have  feen  how  much  air  may  be  extracted  from 
animal;  and  vegetable  bodies,  into  whofe  fubftances  ,tt 
was  before  intimately  and  firmly  incorporated.  And 
confequently  great  quantities  of  air  mud  be  continu- 
ally .expended  in  their  production.  Part  of  this,  we  fee, 
may  refume  its  elaftic  (late,  when  their  texture  is  dif- 
folved;  but  part  probably  never  regains  its  elafticity, 
at  lea  ft,  not  in  many  centuries.  However,  we  may 
fee,  what  immenfe  treafures  of  this  important  element, 
the  wife  Author  of  nature  has  abundantly  provided, 
the  conftant  wafte  of  it  being  abundantly  fupplied,  by 
heat  or  fermentation  from  innumerable  denfe  bodies. 

If  all  the  parts  of  nature  were  endued  with  a ftrongly 
attracting  power  only,  whole  nature  would  immediately 
become  one  unaCtive,  cohering  lump.  It  was  there- 
fore abfolutely  neceffary  there  Ihould  be  every  where 
intermixed,  a due  proportion  of  ftrongly  elaftic  parti- 
cles. And  iince  abundance  of  thefe  are  continually 
reduced  from  an  elaftic  to  a fixed  date,  it  was  alfo  ne- 

cellary 


( 343  ) 

ceffkry  that  thefe  particles  Ihould  be  endued  with  a pro* 

. perty  of  refu tiling  their  elafticity,  whenever  they  were 
difengagei  from  that  mais,  in  which  they  were  feed* 
Anti  hereby  this  beautiful  frahie  of  things,  is  main- 
tained in  a -continual  round,  of  the  produ&ion,  artS 
diffdltftiondf  animal  and  vegetable  bodies. 

The  air  is  very  mftrumeiital  ‘in  the  production  and 
x growth  of  animals  and  vegetables:  in-itselaftFc  ftate, 
by  invigorating  their  'juicfes  j and  in  its  fixed  ftate,  by 
greatly  contributing  to  the  union  and  firm  connexion? 
of  their  conftituent  parts.  It  is  alfo  a very  powerful 
agent  in  the  diffolution  df  the  fame  bodies. 

r , ^ - V-  y 

32.  That  fitted  air  is  a cementing  principle,^appears 
(to  omit  others)  from  thatwdll-knoWft  experiment  ^ 
Quick  Irme  diffolves  fefb,  by  extra&ing  and  imbibing 
the  fixed  air,  which  it  contained*  But  while  the  flefh 
fall}  in  pieces  from  the  lofsbf  the  principle,  the  lime 
grows  folid  by  having  it  reftoted. 

That  it  contributes  alfo  to  the  diffolution  df  bodies 
; appears  hence;  During  the  pTogrefs  of  putrefa<ftionr 
a volatile  matter  flies  continually  from  the  putrefying  *- 
fubftance.  And  this  is  no  other  than  air,  Which  is  now 
extricated  ahd  thrown  off  from  a feed  and  unelaftic 
ftate,  but  immediately  returns  to  it  again,  on  meeting 
with  a proper  recipient.  ^ 

The  preferving  bodies,  from  putrefa&idn,  depends 
almoft  in  every  inftancfc,  on  reftraining  the  flight  of' 
the  fixed  air.  For  as  this  cemdhts  therr  conftituent 
parts,  fo  putrefa&ioii,  which  is  the  diftfniofx  of  them,  ' 
cannot  take  place  while  this  remains.  - * 

And  this  air  both  corrects,  and  prevents  putrid  acri-  - 
mony  in  the  animal  fluid.  Hence  any  food  which  does* 
not  contain  a due  proportion  df  ?t,  is  found  to  pro- 
mote putrefa&idn : as  do  all  damaged  vegetables,  which 
being  incapable  of  fermentation,  are  incapable  of  ptcr- 
during  the  due  quantity  of  air* 

But  pure  air  is  no  where  to  be  found.  That  which 
Ttfrrotmds  us  is  themofl  heterogeneous  body  in  nature. 

It  is  no  other  than  an  uruverfal  chaos,  a colluvies  of 
all  kinds  df  bodies.  No  bodies  can  wFfchftand  the  Fofce  _ 
of  fire.  And  whatever  fire  can  volatilize  is  found  in 
the  air.  Hence  for  inftance,  the  whole  foifil  kingdom 
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Tmift  be  found  therein ; for  all  that  tribe  is  convertible 
into  fume.  Gold,  the  moll  fixed  of  all,  adheres  to 
iulphur  in  mines,  and  is  raifed  along  with  it.  All  the 
parts  of  the  animal  kingdom*  mull  likewife  be  in  the 
For  befides  the  copious  effluvia  they  emit  by  per- 
fpiration  (where  byan  animal  in  the  courfe  of  its  dura- 
tion, impregnates  the  air  with  many  times  the  quan- 
tity of  its  own  body)  any  dead  animal,  when  expofed 
to  the  air,  is  in  a certain  time  carried  wholly  off.  And 
we  know  that  all  vegetables  by  putrefaftion  become 
volatile,  andfo  eyaporate  into  air. 

Air,  2.  Volatilizes  fixed  bodies.  Thus  fea-felt  be- 
ing calcined  and  fufed,  then  expofed  to  the  T.ir  to  li- 
quify ; whep  liquified,  fet  to  dry  again  ; then  fufed 
again,  and  the  operation  thus  repeated  \ will  by  degrees 
he  almoft  wholly  evaporated,  nothing  remaining  but 
a little  earth. 

Air  3.  Fixes  volatile  bodies*  Thus  though  aqua- 
fortis or  fpirit  of  nitre,  readily  evaporates  by  the  fire  * 
yet  if  the  air  near  be  impregnated  with  fpirit  of  urine, 
the  volatile  fpirit  is  fixed,  and  falls  down  in  a liquid 
form.  , # 

But  the  air’s  being  open  or  enelofed,  is  of  confe- 
quence  in  chymical  operations.  So,  to  make  fulphur 
inflammable,  a free  air  is  required : in  a clofe  yeffel  it 
will  not  kindle.  And  thus  all  animals  and  vegetables 
can  only  be  calcined  in  open  air.  In  clofe  veflels  they 
never  become  any  other  than  black  coals. 

By  the  air-pump  the  air  is  in  a great  meafure  drawn 
out  of  a veffel  called  the  receiver.  And  hence  we  learn 
how  much  all  vital,  nutritive  and  alterative  powers  de- 
pend ujpon  the  air.  A candle  in  the  exhaufted  receiver 
ufually  goes  out  in  a minute.  A kindled  charcoal  is 
totally  extinguifhed  in  about  five  minutes.  Red  hot 
iron  is  not  affected  thereby : only  it  will  not  light  ful- 
phur or  gunpowder,  but  melt  it.  Loadftones  aft,  as 
well  as  in  the  open  air.  Smoke  finks  in  a darkifii  body 
to  the  bottom,  leaving  the  upper  part,  clear  and  trans- 
parent# The  fyphon  does  not  run  therein:  but  attri- 
tion produces  heat,  as  in  the  open  air.  If  fome  grkins 
of  a heap  of  gunpowder  be  kindled  by  a buming-glafs,. 
they  will  not  fire  the  contiguous,  grains.  Glow-worms 
lofe  their  light  as  the  air  is  exhaufted  j but  recover  it 
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not  on  its  re-hdmiffion.  Vipers  and  frogs  feem  des*d 
in  lefs  than  two  hours,  but  recover  in  the  open  air. 

nails  live  ten  hours : efts  two  or  three  daysj  leeches* 
five  or  fix. 

. The  atmofehere  is  a body  of  air  and  vapours*  which 
furrounds  the  globe  to  the  height  of  at  leaft  fixty  miles, 
gravitates  towards  its  centre,  and  is  carried  along  with 
it  in  all  its  motions.  This  continually  preffes  on  our 
bodies,  with  a > weight  equal  to  a pillar  of  air,  whofe 
bafe  is  equal  to  the  furface/of  our  bodies.  Now  a pillar 
of  air  of  the  height  of  the  atmofphere,  is  equal  to  a 
pillar  of  water  thirty-two  feet  high.  Every  Foot  fquare 
therefore  of  the  furface  of  our  bodies  is  prefled  on  by 
a weight  of  air*  equal  to  35  cubic  feet  of  water : and. 
a cubic  foot  of  water  weighing  76  pound  (troy  weight) 
confequently  every  foot  fquare  of  the  furface  of  our 
bodies  fuftains  a pillar  of  air*  equal  to  2,260  pounds. 
If  then  the  furface  of  a man’s  body  contains  fifteen 
fquare  feet,  he  fuftains  a weight  equal  to  39900  pounds. 
This  is  the  cafe,  when  the  air  is  heavieft.  But  the  dif- 
ference between  the  greateft  and  the  leaft  preffure  of 
air  upon  our  bodies  is  equal  to  3982  pounds.  ' 

Hence  it  is  fo  far  from  being  a wonder,  we  {hould 
fometimes  fuffer  in  our  health,  by  a change  of  weather* 
that  it  is  the  greateft  wonder  we  {hould  not  always  fuf- 
fer. For  when  we  confider  our  bodies  are  at  fome* 
times  preft  Upon  by  near  two  tons  weight  more  than, 
at  others,  it  is  furprifmg  that  every  change  does  not 
break  our  whole  frame  to  pieces. 

In  truth  tire  veflels  of  our  bodies*  being  fo  much 
ftraitened  by  an  increa&d  prelfure,  would  ftagnate  the 
blood  to  the  very  heart,  had  not  the.  Author  of  nature 
wifely  contrived-,  that  when  the  refiftance  to  its  circu- 
lation is  greateft,  the  force  by  which  the  heat  contrails 
{hould  be  fo  too.  For  upon  an  increafe  of  the  weight 
of  the  air*,  the  lungs  are  more  ftrongJy  expanded,  andi 
the  blood  by  being  more  intimately  broken,  made  fit- 
ter for  finer  fecretions,  the  nervous  in  particular,  by 
which  the  heart  is  more  ftrongly  contracted.  ' On  the- 
other  hand,  when,  the  weight  of  the  ambient  air  is  ever 
& little  abated,  the  air  contained  within  the  blood,  unr 
folds  its  fprings,  and  forces  the  blood  to  take  up  dv 
larger  fpace  than  it  did  before.. 
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The  reafon  we  are  not  fenfible  of  this  preflure,  is  well 
explained 'by  Borelli : land  perfectly  rammed  into  a 
bard  veflel,  cannot  bd  penetrated,  even  by  a wedge. 
And  water  in  a bladder  compreiled  on  all  Tides,  can-" 
not  give  way  in  any  part.  In  like,  manner,  within  the 
ikin  of  an  animal,  are  contained  various  parts : fome 
hard,  as  bones  ; fome  foft,  as  mufcles  ; and  fome  fluid, 
as  blood.  Now  it  is  not  poffible  that  bones  fliould  be 
broke  or  difplaced  in  the  . body,  unlefs  the  preffure  lay 
heavier  on  one  part  than  another.  If  the  preflure  be 
lb  divided,  that  it  be  equal  all  round,  upward,  down- 
ward, Tideways,  and  no  part  of  the  Ikin  to  be  exempt 
therefrom,  it  js  plain,  no  fradture  or  luxation  can  fol- 
low. 

' The  fame  may  beobferved  of  the  mufcles  and  nerves* 
which  though  foft,  yet  being  compofed  of  folid  fibres,  ‘ 
do  mutually  fuftain  each  other,  and  refill  the  common 
weight.  The  fame  holds  of  the  blood  and  other  . hu- 
moors.  As  water  is  not  capable  of  condenfation,  fo 
thefe  liquids,  while  contained  in  thefe  veflels,  cannot 
be  forced  out  of  them  by  an  univerfal  compreffion. 
Add  to  this,  that  the  air  itfelf  which  is  contained  in. 
every  part  of  the  body,  is  fueh  a balance  to  the  exter- 
nal air,  that  no  hurt  can  enfue  from  its  preflure. 

33.  Oil  of  vitriol,  when  expofed  to  the  air,  conti- 
nually increafes  in  weight./  Let  a phial  of  this  (land 
Jtmftopped,  and  it  will.be  conftantly  running  over. 
Perhaps  the  catife  of  this  odd  phenomenon  is,  the 
moifture  contained  in  the  air,  which  this  liquor,  a po- 
tential fire,  iiribibes  as  greedily,  as  adhial  fire  does 
nitre. 


34.  At  the  height  of  forty-one  miles,  the  air  is  fo 
rarefied,  as  to  take  up  three  thoufand  times  the  fpace  it 
does  here.  At  fifty-three  miles  high,  it  would  be  ex- 
panded thirty  thoufand  times  as  much  as  it  is  here. 

At  that  di (lance,  (as  was  obferved)  it  is  expanded 
into  three  thoufand  times  the  fpace  it  occupies  here.  ' 
And  wq  have  feen  it  condenfed  into  the  fixteenth  part 
of  the  fame  fpace.  It  feems  then,  that  the  air  is  ca- 
pable of  being  cOndenftd  into  the  hundred  and  eighty 
* ’ ’ thoufandth 
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ffroulandth  part  of  the  fpace  it  would  take  up  when5 
free  from  preifure.  But  what  texture  muft  if  be  of,  to 
make  it  capable  of  this-  immenfe  expansion  and5  con-- 
traction  ? How  imperfe£t?y  is  this  -accounted  for,  by 
comparing  it  to  wool,  cotton,  and  the  like  elaftic  bo-' 
dies. 

4 ■!.  ' ; i x N ’ : /j 

* *V  ‘ * ' , ; . ■ 

35.  Bat  there  Is  air  amazing  difference  between  the 
fixed,  and  the  common  air,  with  regard  to  their  effedts* 
upon  animal  bodies.  The  fixed  air,  even  when  fet  freer 
and  in  a ftate  of  perfedt  elafticity,  whether  it  be  dur- 
ing  the  firft  ftage  of  fermentation  by  fire,  by  effervef-  ’ 
eence,  or  by  putrefad&on  ;;  if  it  be  received  into  the 
lungs  of  *ny  animal,  caufes  inftant  death*  But  the  * 
lame  air,  when  received  into  the  ftomach,  whether 
thrown  off  by  effervefcent  mixture  in  medicine,  or  ex- 
tricated from  the  food  by  natural  fermentation  ; in  the 
firft  inftance  often  operates  likes  a charm,  in  reftrain- 
ing  vomitings  ; and  m the  fecond  is  abfolutely  need- 
- / ful,  for  the  fupport  of  life  and  health. 

With  regard  to  the  common  air,  on  the  contrary  no*  ✓ 
animal  can  live  long  without  taking  large  quantities  oF 
it  into  the  lungs.  Yet  if  a fmall  portion  of  it  be  forced 
into  the  blood-veffels*of  any  animal,  death  prefently  en-* 
fues. 

So  that  thefe  two  fpecies  of  air  have  quite  different* 
provinces,  with  refpedl  to  animal  life.  The  firft,  com- 
mon air,  muft  mix  wholly  with  the  blood.  The  fe- 
cond only  communicates  fome  fubtle  matter  to  it:: 
probably  eledtric  fire,  which  we  know  is  connedtedi 
with  every  panicle  of  common  auv- 


CONTOT  Sv 


I 


I 


'-f 


( 349  ) 


C O N T E N T 


0F  THE 


SECOND  VOLUME- 


CHAP.  V.  Of  Infelth 


Page 

4 


I.  Of  their  (hape  and"  make  ' , - - 4 

Of  their  eyes  - • - 5. 

3'.  Their  heart,  refpiration  - 6 

4.  Their  generation*?  particularly  the  filk.worm  f , 

and  lilk-fpider  - - ib.. 

5.  Of  the  common  fpider  - - 8 

Of  various  fpecies  of  fpiders  that  fly  - - 9 

6.  Of  the  Tarantula,  a kind  of  fpider  - 11 

The  only  remedy  for  the  bite  of  the  Tarantula 

ismufic  - - - ' - ib. 

% 

Two  relations  of  the  extraordinary  effeifs  of 
muiic  - - T2 

% Of  the  Coya*  - • - - 13. 

The  uncommon’  effects  of  its  fting,  and  the 
only  method  of  cure  - - ib. 

8.  Of  microfcope  animals  - - 14. 

9.  Of  the  flea  - * - *-  IS 

10.  Of  the  loufe  - - - 16 

‘ -Peculiarities  of  lice their  amazing  increafe  17 

v,  - • Many 


V. 


( 350  > 


Page 


- • jL  / . # * “£> 

Many  fifties,  particularly  fulraon,,  incident  to 
lice  - - 17 

11.  Of  the  death-watch  - - - 18 

Remarkable  circumftanee  of  the  beating:  of  a \ 

desfth-watch  - - * - ibi 

Singular  properties  of  the  death-watch,,  the 
fmalleft  of  the  beetle  kind  - 1<> 

12.  Of  the  eggs  of  flies  - - 2d 

v The  eggs  of  infed*  the  occaiion  of  blights  22  * 

13.  Of  gnats  * ' - - v : - 29 

• The  uncommon  propagation  of  gnats  > 24* 

If.  Of  the  cicadalla*  or  cuckoo-fpit  - 25 

* • The  cochineal  - - ibv. 

15.  Of  the  drone-fly  - * ib* 

1 Gt  Of  the  fire-fly  of  Jamaica  - - 26; 

A perfon  may  read  the  fmalleft  print  by  the 
.light  of  one  of  thefe  infe&s  - 27/ 

17.  Of  the  ephemeron,  that  lives  but  part  of  a ‘,l 
day  £ - - ilv 

Another  fort  of  ephemeron, /called  the  May- 
fly i Its  remarkable  properties  / - - ibv 

18-  Of  butterflies  - - 28 

1.9-  Of  caterpillars  * - J 29' 

The  caterpillar  of  the  willovr  # ; - 31 

Peculiar  circumftancesdn  caterpillars  ib.^ 

20.  Of  the  transformation  of  infects  - ; 3d 

That  of  the  caterpillar  very  remarkable 

r?.  throughout  its  various  ftates  - ib.. 

21.  Of  ants  - - 3d 

The  extraordinary  nicety  of  their  nefts  39> 

**  Their  beautiful  appearance  viewed  through  a 

inicrofcope  - •-  « ib* 

They  eat  not,  but  fleep  all  the  winter  * 40 . 

The  remarkable  archite&ure  of  ants.  - 41 

The  employment  of  working  ants  ' y 4& 

The  red,  green,,  and  black  ants  of  Africa  44. 
22-  Of  the  ant  eater*  or  formica-leo  - 4 5 

His  peculiar  manner  of  enfnaring  his  prey,, 

' and  various  other  extraordinary  operation^  ib** 
23.  Of  bees  - - * 47 

./  The  habitation,  of  bees  !f  - • , 48 

How  honey  is  extracted  - v 49 

Of  honey-dews  - ■ ' " >.  ' ib., 

-V  A kind 


■ V V 


. . - v 


y 


. ( 351  > 

• ' . Page-  ® 

A;  kind  of  honey -dew  produced  by  a fnrall  ii> 
fe<5t  called  the  vine-fretter  - - 50 

Ants  as  fond  of  this^as  bees  - - . ib* 

The  curiofky  of  the  ding  of  a bee,:  or  wafp*  ibi. 
The  peculiar  privileges  attendant  on,  and  \ 
homage  paid  to  the  queen  bee  - 51 

Tlie  lwarming  of  bees  ■-  55 

Of  the  polypus  . - - ' 55? 

Of  various  corallines,,  a fpecies  of  polypr  ib* 
The  polypus*  an  acquatic  animal*  found  in 
ditch-water  - - - 57 

Experiments  on  a polypus  - - ib- 

Clu fieri ng  polypi  more  itrange  than  the  reft  58 
The  nature  of  corallines,  and  the  mechanifm  : 
of  their  polypi  - < 60 

The  polypus  is  an  animal  of  the  vermicular 
kind  62 

25.  Of  the  transformation  of  animals.  - 65 

Quadrupeds  undergo  a yearly  change  , ib*. 

Viviparous  animals  have  a more  fudden 
change  . - - - ib.~ 

The  transformation  of  oviparous  animals  " 6fr 
The  transformation  of  tad-poles  - ib*. 

That  of  tire  beetle-chiis,  particularly  the  cock- 
chaffer  - - ib*. 


CHAP.  VI. 


General  Obfervations  and  Reflexions  ^ 

1.  Of  the  number  of  animals,  the  various  fpecies 

of  beads,  birds,  fifhes  and  infefts  - 65? 

2.  Of  the  different  method  of  taking  their  food  66 

3.  That  brutes  are  not  mere  machines  ♦ * 67 

4.  Of  the  natural  inftindf  of  all  creatures  68 

7 5.  Of  the  clothing  of  various  animals  - 70 

6.  Of  the  admirable  fagacity  of  animals  in  the 

ftru&ure  of  their  habitations  ~ - 71 

7.  Of  the  peculiar  care  of  Providence  over  all , 

„ , his  works  - - * * - . 72 

tk  The  remarkable  deftru&ion  and  reparation  of 

the  whole  animal  creation  - rb. 

9.  Farther 


m *** 


«r.  | 

i ; 


i > 


i 


( 352  ) 

■ ; • ' i ' >_  ; 

■ ■ ’ * ■ Page- 

Farther  reflexions  on  the  world  in  general  74 
A comparative  view  of  the  animal  world,  ex- 
traded  from  Mr.  Hervey  - 77 


1. 

2. 
3. 

4i. 

5. 

6. 

'l. 

8. 

9. 

10. 

»i. 

12. 

13. 

14. 

15. 

16. 

• . ■» 

17. 

18. 

19. 

20. 
21. 
22. 
23.. 
24. 


PART  the  THIRD. 

CHAP.  I.  Of  Plants. 

What  we  mean  by  plants  v - 

Their  liquid  parts  - 

Their  folid  parts  - . ■ - 

Of  the  bark  - - 

The  wood  - ' - 

The  pith  - - 

The  roots  and  branches. 

The  leaves  - 

The  nutrition  of  plants  - - 

Water  not  the  nutriment  of  plants 
The  motion  or  the  nutritive  juice. 

The  defcent  and  afcent  of  the  fap 
Of  the  inereafe  of  grains  and  feeds 
Of  male  and  female  plants 
Of  the  deep  of  plants 
Of  the  ageeement  between  plants  and. 

mals  - - 

Of  the  generation,  of  plants 
Of  their  flowers 

Of  their  feeds.  ~ , '•  - 

Of  their  fruits  - 

Of  the  perforation  of  plants 

Trees  inverted  will  grow 

Of  the  propagation  of  feveral  plants 

Of  grain  planted  in  various  fubftances.. 

CHAP.  IL. 


8$ 
ib. 
ib. 
ib. 
S5* 
v ib. 
v ib.. 
8b 
87 
ib. 
91 
' . 92 
« 93 
- 94 
95 


ani- 


99' 

103. 

ib; 

10S 

112 

114 

116/ 

11-7 

120- 


1. 


'V  f i --  - . , > 

Of  fome  particular  plants.  - 122 

The  fubmarine  grafs  ’»  r - ib. 

The  fubmarine  fenfitive  plant  * - ib. 

The  vines  of  hops  - - 123 

The  herb  of  Paraguay,  or  Catree,  a fpecies 
of  tea  > — . -■  ib. 

> • ' The 


r • 


t 


0- 


/ 


( 353  ) 


The  coco-tree 
The  cacao-tree 

The  tallow-tree:  the  horfe-chefnut:  the  fago-v 
tree  - - - v - 

Palm-trees : they  are  male  and  female 
' Sicilian  plants ; particularly  cinnamon,  far- 
faparilla,  faflafras,  and  Rhubarb 
The  balfam-tree  - 

The  flowering-afh,  whence  manna  is  produc- 
ed - - - - * 

The  Peruvian  bark-tree  - - 

The  cotton-tree : the  pepper  fhrub  , 

The  Jamaica  peppeivtree  . - - - * - 

The  plant  which  affords  ginger 
' Of  the  produce  of  nutmegs  - - 

The  wild-pine 

The  water-withy  of  Jamaica/ 

The  fountain-tree  of  Hierro,  one  of  the  Ca- 
nary Iflands  { * 

The  machineel- apple  : its  poifonous  quality 
Remarkable  method  of  poifoning  by  the  Ne- 
groes in  Africa  - 

Of  a plant  like  doronicum,  wherein  quick- 
filver  is  found 

Of  the  aloe  t its  lingular  properties 
The  cereus,  or  prickly  pear,  of  America 


Page 

124 

ib. 


125 

126 


ib. 

127 


ib. 

ib. 

ib. 

128 

ib. 

ib. 

ib. 

129 


ib. 

130 


131 


132 

ib. 

133 


Peculiarities  in  the  production  of  mulhrooms  134 


135 

136 
ib. 
ib. 

137 
ib. 

143 


Of  fea-plants:  the  coral  in  particular 

2.  Sugar  not  unwholefeme  - . - 

3.  Of  Maple-fugar  - - - - 

4.  Molafles  made  of  apples 

5.  Of  ambergris  - - , 

6.  Of  the  corruption  of  plants  and  animals 

7.  General  Reflections 

8.  Eflay  on  the-  production,  nouri£hment,  and 

operation  x)f  plants  and  animals 
SeCt.  1 . Creatures  produce  their  own  kind 
SeCt.  % The  laws  of  nature  fufficient  for  the 
production  of  animals  and  vegetables 
SeCt.  3.  Of  the  nourifhment  and  growth  of 
plants  * . - • 159 

: - A ' SeCt. 


154 

ib. 


153 


' i I 


( 354  ) . - 

Page 

Se&  4.  Qf  the  nourifhment  and  growth  of 
animals  - - lf>2. 

Seft.  $.  The  fimilar  operations  of  plants  and 
animals  - - . _ igg. 

CHAP.  III. 

. ..  ' " J >-*■'.  ’V  ' * f * ‘ • *’ 

Of  Metahy  Minerals  y and  other  Fojfjtls • 

•v  x ^ ^ 

1.  The  variety  of  foffils  - - - 172 

2.  The  general  properties  of  metals  - - 173 

3.  Of  the  nutrition  and  generation  of  metals  ib* 
•4.  Of  gold,  filver.,  platina,  capper,  iron,  tin, 

lead  - . 174 

The  chief  properties  of  gold  - - ib» 

The  malleablenefs  or  dudfility  of  gold  beyond 
all  imagination  - - . • 175 

Silver  comes  the  neareft  to  gold  in  duftility 
and  refilling  fire  - - 176 

Of  platina,  an  original  metal  between  gold . 
and  filver,  difcovered  >in  New  Spain  177 
' It  is  extremely  hard  to  melt  - ib. 

It  comes  neareft  to  gold  in  weight  of  all  other  • 
metals  - . if,. 

Copper  is  next  to  filver  in  d utility  - 179 

How  brafs  is  made  - . - ib. 

-*  Of  iron  - - • *.  ib. 

The  arhor  roartis,  a germination  of  iron,  re- 
fembles  a natural  plant  - w 1 80- 

Various  experiments  , - . . ib. 

5.  Of  fteel  - . 182 

6.  Of  quickfilver:  its  fingular  properties-  ib. 
Copper  and  iron,  gold  and  copper,  filver  and  ' 
lead,  tin  and  lead  frequently  found  in  one  mals  183. 

7.  Ot  mines  in  general  ' - - J184 

8.  Of  mundic  - < .v  ib. 

9.  Of  the  fiffures  of  the  earth  - 186 

10.  Of  falts  V N , Igg  . 

Remarkable  fak-mine6  in  Poland  i5. 

11.  Of  Hones  . _ '189- 

12.  Of  petrifying  fprings  - - 19]. 

13.  Qf  copper  fprings  - - 192: 

14.  Of 


/ 


( 355  ) 


14.  Of  lime 

15.  Of  precious  {tones 

16.  Of  the  loadftone 

17.  Of  inflammable  foffils 

18.  Of  amber 

1 1 9.  Of  linum  afbeflum. 


Page  . 
196 
ib. 
199 

203 

204 

■ !ib.' 


PART  THE  FOURTH. 


Of  Earth , Watery  Fire,  Airy  and  Meteor, ?. 


CHAP.  I.  Of  Earth  and  Water. 

- . _ ■ / - ■ ' ! i 

' 1.  Of  the  formation  of  the  earth.  - 206 

Of  the  earth’s  movement.  - / 207 

2.  Spnd  probably  the  earth’sgeneral  cover  208. 

3.  An  inundation  of  fand  - - 205 

4. ’  Of  mountains  - - 210 

5.  'The  benefit  of  mountains  - 211 

6.  The  height  of  mountains  - 212 

Particular  height  of  feveral  mountains  in 

France  - - ib. 

That  of  Mount  Atlas  ' - . ' 214 

Of  the  formation  of  mountains  after  the  flood  216 
Of  the  formation  of  an  iron-mountain  in  Swe- 
den « - 218 

7.  Of  water  - 219 

The  chief  properties  of  water  - 221 

8.  "Of  ice  - > 222 

Rivers  always  freeze  firft  at  the  bottpm  223 
Standing  waters  freeze  firtt  at  the  top  224 

Surprifing  effe&s  of  fevere  froft’  on  trees  and 

other  vegetables  - 225 

The  amazing  bodies  of  ice  near  Hudfon’s  Bay  227 
Some  waters  in  Scotlaud  which  never  freeze  ib. 

9.  Of  fountains  - - , - 228 

Curious  experiments,  (hewing,  that  vapour 

- fron^ the  fea  fuj  ply  all  fountains  and  ri- 
vers - •-  - - 229 

10.  Of  the  (ea  ' - - 231 

11.  Of  rivers  and  i (lands  - - 233 


228 


i 


t 


Of  the  greater  fivers  in  Africa  233 

Defcription  of  the  river  Nile  - - . ib. 

Peculiarities  of  the  Thames  water  - . 234 

Of  the  cataract  of  Niagara  - 235 

- American  rivers  the  largefl  in  the  world  ' 236 

••  The  amazing  length  of  the  courfe  of  the 

Rhine  - _ - fl>. 

Of  various  frefh  and  fait- water  lakes  . - 237 

Of  the  formation  of  the  main  iflands  of  the 
globe  at  the  deluge  - , 239 

12.  Of  the  bafon  of  the  lea.  - - ib. 

Of  the  little  difference  there  is  between  the 

bottom  of  the  Adriatic  lea  and  the  neigh- 
bouring countries  - - 242 

The  greateft  and  ordinary  depths  of  the  fea  245 

13.  Of  the  tides  - - 246 

14.  Of  currents  in  the  fea  - ; 247 

Methods  of  making  fea-water  frefh  249 

Method  of  keeping  frefh  water  fweet  2 50 

Sketch  of  Mr.  Hervey’s  reflections  on  what 

is  obfervable  in  the  terraqueous  globe  ib. 
Curious  remark  of  Dr. ' Cheyne  concerning  . 

fluids  in  general  - 263 

Of  the  iflands  of  Scilly,  lb  noted  among  the 
ancients  - - - . 265 

15.  Of  fubterraneous  trees  - 269 

Subterraneous  trees  in  Italy"  - > 270 

— , — Ireland  - 271 

.Norfolk,  Suffolk,  Cam- 
bridge, Huntingdon,  &c.  &c.  - . 272 

16.  Of  the  origin  of  bogs  , - - , 273 

* Of  feveral  bogs  in  Ireland  • - ib. 

Of  fome  large  ones  in  England  - 274» 

A remarkable  one  in  Scotland  - , 277 


1.  Of  the  effects  and  nature  of  fire  . . 

Of  heating  cold  liquors  with  ice 

Different  degrees  of  heat  in  the  fame  latitude 

2.  Of  the  generation  and  nourilliment  of  fire 

3.  Of  Imoke  and  afhes  - , . 

■ # | v 

Fire  is  the  inftrumeat  of  all  motion  - 


/ V 


, t 357  ) ; 

' 7 /.  •-  -Page 

Of  elementary  and  culinary  fire  „•  - 283 

How  the  effe&s  of  elementary  fire  may  be  In- 
creafed  - - - 284 

Of  fubterraneous  fire  * - 285 

4.  Of  burning  mountains  V.  - 286 

5L  Of  Mount  iEtna  - - 1 ib. 

Recupero’s  account  of  Mount  ^tna  - 288 

Kircher’s  account  thereof  - - 289 

Account  of  the  eruption  of  it  In  1669,  and  of 
another  in  1755  - 1 h - 290 

€.  Gf  Mount  Vefuvius'  - - 291 

Of  An-eruption  thereof  in  1754  - r _ t-  ib. 

v Of  another  eruption  thereof  in  1760  - 292 

Uncommon  fertility  near  Vefuvius  - 293 

Mr.  Key fler’s  account  of  Vefuvius  - ^ 294 

Of  the  deftru&ion  of  Herculaneum,  Stabice, 
and  Pompeii,  cities  near  Naples^,  in  the 
reign  of  Titus  Vefpafian  - 295 

Bracini’s  view  of  Vefuvius  in  1631  - 297 

Probability  of  the  ifland  of  Madeira  being 
thrown  up  by  an  explofion  of  fubterrane- 
ous fire  - - 298 

Of  Monte  Secco,  frequently  called  Vefuvius 
in  miniature  - - - • 299 

6.  Of  Monte  Nuovo  - - .>  ib.# 

9.  New  iflands  -*  - - 300 

10.  Burning  iflands  - . - - ib. 


298 


8.  Of  Monte  Nuovo 

9.  New  iflands 
10.  Burning  iflands 


1 L Of  Mount  Hecla  : particular  account  of  a 

journey  thither  -7  - 301 

12.  Of  Guadaloupe.  Volcanos  there,  and  in  ma- 

ny of  the  American  iflands  - 302 

13.  Of  the  pike  of  Teneriffe  - - 303 

14.  Of  earthquakes  - - - 304 

Various  caufes  of  earthquakes  - ib. 

Of  artificial  earthquakes  - • 305 

Uncommon  accounts  of  large  rivers,  arid 

even  feas,  communicating  by  fubterrane- 
ous paflages  % - - 306 

Pliny’s  account  of  Mount  Cymbotus,  a town, 
and  a city,  totally  fwallo wed  up  - 308 

Pliny’s  relation  of  fifty-four  cities,  and  a 
great  number  of  villages,  fwallowed  by  an 
earthquake  - - - ib. 

, 1 Farther 


* * 


Father  Kircber’s  account  of  a dreadful  earth- 
quake at  Calabria  in  1638 
15*  Definition  of  Port-Royal  in  Jamaica 

Account  of  that  dreadful  earthquake  in  1692J 
by  an  eye-witnefs  - 

The  Re&or  of  Port-Royal’s  account  of  it 
16*  Definition  of  Lima  " 

17.  — Callao,  the  pert  of  Lima 

1 8.  A remarkable  deliverance  from  fnow  at  a vil- 

lage under  the  Alps 

19*  Of  Pcole’s-hole,  and  Elden-hole  in  Derby- 
fhire 

Of  the  Giant’s  Caufeway  in  Ireland  ^ 
Subterraneous  fire  of  a harmlefs  nature  in 
Perfia.  - 

20.  Earthquakes  caufed  by  ele&ricity 

21.  Account  of  a burning  well 

22.  Of  another  at  Brofely  - / 

23.  A fire  of  the  fame  kind  at  Pietra  Mala,  a vil- 

lage on  the  Apennines 

Another  of  the -fame  kind,  called  Grotto 
del  Cani,  near  Naples,  with  experiments 
of  an  Englifh  gentleman  ■-  - 
24-.  A burning  vapour  in  Wales 

25.  Perfons  confumed  by  internal  fire 
-Sundry  inftances  thereof  abroad. 

Two  inftances  thereof  in  England 

26.  Sparkles  iffuing  from  a perfon’s  clothes  '0 

27*  Of  glafs  - - - 

Probable  difcovery-  thereof  by  accident  in 
foiiie  Sidonian  travellers 

28.  Of  the  Bologna  bottle  : with  curious  experi- 

ments thereon 

29.  Of  the  glafs-drop 

^ Of  the  invention  of  gun-powder 

30.  Of  the  nature  and  the  properties  of  air 
The  weight  or  gravity  of  air 

The  elaflicity  of  air.  - - 

Experiments  on  air 
Of  the  air-pump  • 


s ■ Vp*'*  ' V 

• f i i 


( 259  ) 

* ' * • # 

' . - \ / 

J-  ..(  • -1  -*  / . . ' ' V1 

s » ( • , . ^ • 

Farther  experiments  on  air 
SI.  Air  is  in  all  our  fluids. 


Page 

340 

341 


32.  Air  is  the  cementing  and  diflolving  principle  343 

33.  Air  increafes  the  weight  of  oil  and  vitriol  346 

34.  Air  is  capable  ofimmenfe  expanfion  ib. 

35.  Difference  between  fixed  and  common  air  347 


END  OF  THE  SECOND  VOLUME, 


( 

> > 


/ 

• V. 


f.  t ; 


BW261* 
&S8 
L810 
r.  2 


I 


M 


I f IO  V.  3? 


School  of  Theology 


THEOLOGICAL.  LIBRARY 
Thursfield  Smith  Collection,  No. 


t 

i ,<> 


T?tfT‘- iit 


! - 


. I 


■> 


It 


n 


1/ 


1 


S UR  V E Y 


OF  THE  * 

WISDOM  OF  GOD 


IK 


* "\ 


THE  CREATION: 


OR,  A 


COMPENDIUM 


OF 


NATURAL  PHILOSOPHY. 

' **  * 

IN  FOUR  VOLUMES. 


By  JOHN  WESLEY , AT.  4. 


THE  SIXTH  EDITION. 

• ^ 


VOL.  III. 


These  are  thy  glorious  Works,  Parent  of  Good, 
Almighty!  Thine  this  universal  Frame, 

Thus  wond’rous  fair  ! Thyself  how  wond’rous  then ! 

Milton. 


DUBLIN: 


PRINTED  BY  R NAPPER,  29,  CAPEL-STREET ; 

And  sold  at  the  Methodist  Preaching  Houses  in  Town  & Country 


1810. 


v 


A , 


COMPENDIUM 


NATURAL  PHILOSOPHY. 


CHAP.  III. 


;•  t I 


OF  ME  TEORS . 


1»  Of  Vapour sy  M'tfls , am/  Clouds . 

2.  0/*  a/i*/ 

3.  0/*  Snow  #«</  /fai/. 

4.  0/*  the  Rainbow . 

5.  0/*  the  Halo . 

6.  0/"  &/«,r  a/z*/  Moons . 

7.  Of  Thunder  and  Lightning. 

8.  0/* Damps . 

9.  0/*  Fatui. 

K).  0/"  Electricity. 

11.  0/*  j£/£«r  a/*  Plants . 

12.  Of  Wind. 

1 3.  Reflections . 


I.TTT HATSOEVER  is  carried  aloft  into  the  air, 
VV  and  fufpended  there,  is  termed  a meteor. 
Thefe  are  either  watry,  fiery  or  airy.  The  watry,  are 
mills,  clouds,  rain,  fnow,  hail.  Watry  particles  which 
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are  rarefied  fo  as  to  float  in  the  air,  are  theu  termed 

vapours.  If  thefe  are  vifible  and  hang  near  the  earth, 

we  call  them  mills  ; if  they  are  higher  in  the  air,  clouds. 

Some  of  thefe  are  fo  thin,  as  to  tranlinit  the  rays  of 

the  fun,  others  fo  denfe  as  to  intercept  them. 

The  manner  wherein  the  vapours  that  conftitute 
clouds  and  rain  are  raifed,  feems  to  be  this.  Fire  be- 
ing the  lighted  of  all  bodies,  eafily  breaks  loofe  from 
them  ; and  its  paflage  carries  along  with  it  particles  or 
little  cafes  of  water.  Thefe  being  lighter  than  the  air, 
are  buoyed  up  and  fwim  therein  : till  ftriking  againft 
one  another,  or  thickened  by  cold,  they  are  reduced 
into 'clouds  and  drops. 

To  illuftrate  this,  we  may  obferve  in  water  over  the 
fire,  1.  That  the  evaporations  are  proportioned  to  th<#- 
heat.  A fmall  heat  throws  off  few  vapours,  fcarce  vi- 
fible : a greater  heat  carries  off  larger  and  more  nu- 
merous veficlesof  water,  which  we  call  a fleam.  Vio- 
lent heats  lifts  up  great  quantities  of  water,  which  the 
air  cannot  buoy  up  : and  this  we  call  boiling.  2.  If 
thefe  vapours  ' be  intercepted  in  their  afcent,  by  any 
denfe  body,  efpecially  if  it  be  cold  ; they  are  thereby 
reduced  into  drops,  like  thofe  of  rain.  3.  In  frofly 
weather  the  vapours  rife  but  a little  above  the  water,, 
and  there  hang  or  glide  on.  If  the  weather  be  cold  ; 
after  a little  afcent,  they  fall  again  into  the  water.  But 
in  a warm  ftill  air,  they  afeend  fwiftly  and  largely,  and 
mount  up,  till  they  are  out  of  fight. 

To  explain  this  a little  farther,  it  may  be  obferved, 
that  the  parts  of  water  being  fo  fmall  and  moveable, 
are  eafily  feparated  from  one  another.  And  when 
they  are  fo  divided  into  fmall  parcels,  as  to  become 
about  eight  hundred  times  lighter  than  common  wa- 
ter, they  are  as  light  as  die  air,  and  wall  by  every  fuc- 
ceffive  degree  of  feparation,  rife  in  the  air  in  proporti- 
on Jo  their  lightnefs,  the  heavier  air  forcing  the  rare- 
fied fluid  to  afeend  into  the  atmofphere,  till  it  finds  a 
place  infequilibrium  among  bodies  of  equal  lightnefs  to 
itlilf.  This  feparation  or  comminution  (if  I may  f 
call  it)  of  water  into  fmall  parcels,  may  be  performed 
either . by  collifion  againft.  harder  and  more  compaft 
bodies,  or  by  heat.  The  fipft  we  often  fee  performed 
at  the  bottom  of  cafcades,  where  the  water  that  falls 
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but  a few  fathoms,  (hall  rife  in  a mill  from  t!*e  bottom 
where  it  is  broke  ; and  there  are  in  dances  of  clouds 
rifmg  from  the  fall  of  waters,  which  may  be  feen  five’ 
miles  of.  Collifion  will  therefore  excite  vapours  : but 
what  is  more  conftantly  producing  this  effect  in  every 
part  of  the  univerfe,  is  heat : whether  from  the  fun, 
which  is  always  bufy  this  way,  or  from  artificial  igni- 
tion, or  that  generally  invifible  elemental  fire,  which 
is  diftributed  through  all  matter.  It  is  not  neceflary 
for  us  to  confider  in  this  cafe,  any  other  than  the  divi- 
fibility  of  water,  and  the  infinuating  and  difperfive  qua- 
lities of  fire.  Fire  we  fee  feparates  more  or  lefs  the 
parts  of  all  bodies,  whether  fluid  or  folid,  and  makes 
them  rife  in  the  air  ; and  it  does  no  more  to  water  : it 
feparates  it  into  fuch  fmall  portions,  that  the  air  is  more 
ponderous  than  the  fleam,  and  of  confequence  remains 
nearer  the  earth  by  its  fuperior  gravitation. 

2.  The  dew  which  ufually  falls  in  England  in  a 
year,  amounts  to  fomething  more  than  three  inches 
and  a quarter  depth*  The  evaporation  of  a winter’s 
day  is  nearly  the  fame  as  that  of  a fummer’s  day.  For 
the  earth  being  moifter  in  winter,  that  excefs  of  moi£ 
ture  anfwers  to  the  excefs  of  heat  in  fummer. 

Within  the  tropics  they  have  no  rain  for  many  months 
together.  But  the  dews  are  far  greater  than  with  us. 
Yet  the  moifture  evaporated  in  a fummer’s  day,  far  ex- 
ceeds that  which  falls  in  the  night.  Hence  the  dews 
there,  cannot  be  of  any  benefit  to  the  roots  of  the  trees, 
becaufe  they  are  remanded  back  from  the  earth  by  the 
following  day’s  heat,  before  they  can  foak  to  any  con- 
fiderable  depth.  The  great  benefit  therefore  of  dew  in 
hot  weather  muft  be,  by  being  imbibed  into  vegetables, 
to  refrefti  them  for  the  prefent,  and  fupply  them  with 
moifture  towards  the  expence  of  the  Succeeding  day.  * 

Me^n  time  the  fun  draws  frefti  fupplies  of  moifture 
from  the  ftrata  of  the  earth,  which  by  means  of  its  pe- 
netrating warmth  infinuates  itfelf  into  the  roots.  By 
the  fame  genial  heat  it  is  carried  up  through  their  bo- 
dies and  branches,  and  thence  pafling  into  the  leaves, 
it  is  vigoroufly  a&ed  upon  in  thofe  thin  plates,  till  per- 
fpiring  through  their  furface,  it  mounts  with  rapidity 
in  the  free  air. 

But  the  ftrangeft  circumftance  relating  to  dew,  is 
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this,  Tn  the  fame  night  place  feveralfub  fiances  rn  the 
open  air,  whilft  a large  dew  falls  : and  fome  of  them 
will  receive  much  of  it,  fome  little,  and  others  none  at  ^ 
all.  The,  drops  make  a fort  of  choice,  what  bodies 
they  (hall  fix  themfelves  to.  Glafs  and  cryftals  they  fix 
themfelves  to  readily,  and  in  the  largeft  quantities. 
Metals  do  not  receive  them  at  all,  nor  do  the  drops 
ever  fix  on  them.  If  a glafs  vefiet  be  fet  out  in  the 
evening,  on  a filver  plate,  the  glafs  will  be  found 
quite  covered  with  dew,  and  the  filver  perfectly  dry. 
China-ware  is  a fort  of  glafs.  Six  pounds  of  mercury 
being  expofed  to  the  air  in  a china-plate,  the  dew  ran 
in  ftreams  on  the  edge  of  the  plate,  but  not  a drop 
was  on  the  mercury. 

Is  there  not  fome  alliance  between  the  phenomena 
obferved  in  dc;w,  and  thofe  which  appear  in  eledric  bo- 
dies ? All  hard  bodies  may  by  rubbing  become  elec- 
tric, excepting  only  metals.  And  metals  are  the  only 
bodies  which  wholly  refufe  to  admit  dew. 

But  this  is  not  all.  A pewter  plate  placed  all  night 
in  the  open  air,  receives  no  dew  on  its  upper-fide,  but 
the  under-fide  is  covered  with  it.  On  the  contrary, 
place  a china-plate  near  it,  and  the  upper  fide  of  it  is 
quite  wet,  but  the  under-fide  is  quite  dry.  So  one  re* 
ceives  the  dew  only  on  the  upper,  the  other  only  on 
the  under  furface ! Who  can  account  for  this  ? 

i / 

Mr.  Kerfhaw  has  obferved,  that  dew  newly  gather- 
ed and  drained,  is  not  very  clear,  but  of  a yellowiflj 
-colour:  . ■ : , 

That  when  he  endeavoured  to  putrefy  it  by  various 
degrees  of  heat,  he  quite  failed  of  his  intention : for 
heat  rather  clarifled  and  preferved  it  fweet,  than  cauied 
any  putrefaction  : 

. That  after  it  had  been  expofed  to  the  fun,  corked  up, 
for  a whole  fumnier,  there  was  no  other  change  than 
•that  much  green  duff  (fuch  as  we  fee  in  danding  wa* 
ter)  floated  on  the  top : 

That  after  it  had  been  expofed  to  the  fun  many 
weeks  in  an  open  glafs,  it  was  full  of  little  infeCts,  like 
tadpoles,  which  in  a while  dropt  their  Ikins,  and  be- 
came gnats : , ..  . . 

; That  vapouring  away  great  quantities  of.  this  dew, 

: . he 
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he  procured  two'  pounds  of  greyifh  earth  which  lay  ia 
leaves  one  above  another*  like  brown  paper, -but  very 
friable : 

Laftly,  that  by  often  calcining  and  filtring  this  earth, 
lie  extracted  two  ounces  of  a fine,  fmall,  white  fait, 
which  much  refembled  rock  fait,  when  it  was  viewed 
through  a microfcope. 

* ~ < I . ^ .V  1 *-  , . A . . 
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If  clouds  are  condenfed,  fo  as  to  fall  in  drops,  this  we 
ftile  rain.  It  may  rife  from  various  caufes.  Some* 
times  cold  alone  condenfes  a warm  cloud.  But  it  is 
generally  wind  which  preffes  the  cloud  fo  clofe  toge- 
ther, that  the  particles  of  water  unite  in  large  drops, 
which  being  fpecifically  heavier  than  the  air,  can  no 
longer  be  fufpended  by  it. 

\ v m 

But  by  what  power  are  the  drops~of  rain  fo  equally 

difperfed  ? This  may  be  fhewn  by  an  eafy  experiment* 

Put  a quantity  of  brafs-duft  into  an  eleCtric  phial* 

When  this  is  charged,  invert  it,  and  throw  fome  of 
the  duft  out.  This  will  be  fpread  over  a flat  furface, 
with  exaCt  uniformity,  and  will  fall  juft  like  rain  or 
fnow.  It  is  highly  probable,  this  is  the  cafe  with  the 
clouds.  Being  highly  electrified,  they  of  courfe  fpread 
their  contents  equally  over  the  furface  of  the  earth. 

* **  *♦  , t * \ * * # 
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Again.  How  comes,  it  to  pafs,  that  we  have  not 
conftantly  either  too  much  or  too  little  rain  in  any  one 
place  ? It  is  not  chance,  which  can  never  fleer  clear 
of  extremes.  It  is  the  hand  of  Providence.  There  is  no 
other  rational  way  of  accounting  for  fuch  an  oecoxiomy  , 
in  the  clouds.  ■ Such  a juft  and  neceffary  diftillation 
and  diftribution  of  water  from  the  grand  alembic  of 
the  atmofphere,  could  never  proceed,  but  from  the  fu- 
perintendance  and  direction  of  that  Omnipotent  Chy- 
mift,  in  whofe  hands  are  all  the  fecondary  powers  of 
nature,  to  vary  their  operations,  as  he  fees  moft  coil* 

.conducive  to  the  general  good  of  mankind. 

. V " i 

Bloody  rains,  as  they  have  been  fometimes  called, 
feem  to  be  only  the  excrements  of  infeCts.N  Accord- 
ingly Gaflendus  gives  us  an  account  of  a bloody  rain 
in  France  which  much  terrified  the  people.  But  Upon 

" : inquiry. 
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inquiry,  it  was  found  only  to  be  red  drops,  coming 
from  a fort  of  butterflies  which  flew  about  in  great 
numbers. 


During  a fcarcitv  in  Silefla,  a rumour  was  fpread, 
of  its  raining  millet-feed.  But  it  was  foon  found  to  be 
only  the  feeds  of  the  fmall  henbit,  growing  thereabouts 
in  great  plenty.  So  in  the  Archipelago  it  was  thought 
afhes  were  rained,  with  which  (hips  were  covered  for 
many  leagues.  But  in  truth,  they  came  from  an  erup- 
tion of  Vefuvius  happening  at  that  time.  More  lately, 
it  was  reported  at  Warminfter,  in  Wiltfhire,  that  it 
rained  wheat.  But  the  fuppofed  wheat  was  really  ivy- 
berries,  blown  thither  in  a confiderable  quantity  by  a 
hurricane.  Nay,  in  1696  a field  near  Cranftead  in 
Kent,  was  overfpread  with  young  whitings,  fuppofed 
to  fall  from  the  clouds,  but  doubtlefs  brought  thither 
from  the  fea,  by  a violent  ftorm. 

_ . v . , „ ■ ....  ..  'v  ? -.j 

Nor  is  it  ftrange  that  any  of  thefe  things  fhould  be 
thus  tranfported  by  tempeftuous  winds,  confidering  to 
what  diftance,  and  in  what  quantities  the  fea-water  was 
carried  by  the  ftorm,  Nov.  26,  1703.  A phyfician 
travelling  foon  after,  twenty  miles  from  the  fea,  chew- 
ing fome  tops  of  hedges,  found  them  fait.  The  grafs 
of  die  down  about  Lewes,  was  fo  fait,  that  for  fome 
time  the  fheep  could  not  eat  it.  And  the  miller,  three 
miles  from  the  fea,  attempting  with  his  man  to  fecure 
his  mill,  were  fo  wafhed  with  flafhes  of  fea-water,  that 
they  were  almoft  ftrangled. 

A few  years  ago,  during  a violent  ftorm  of  wind, 
much  rain  fell  in  the  weftern  part  of  Cornwall,  which 
was  mere  fea-water,  as  fait  as  that  which  was  juft  ta- 
ken out  of  the  fea.  It  feemed  to  have  been  drawn  out 
of  the  fea,  and  thrown  upon  the  land  in  the  fame  hour : 
fo  that  there  was  no  time  for  that  wonderful  opera- 
tion of  nature,  whereby  the  water  that  afcends  in  clouds, 
is  freed  from  its  fait  and  bituminous  particles,  before 
it  falls  to  the  earth.  'Pf'  * 

3.  When  the  particles  of  water  in  a cloud  are  fro- 
zen, it  occafions  fnow,  which  floats  fn  the  air  till  it  is 
driven  together,  fo  as  to  be  heavy  enough  to  fink. 

When 
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When  the  drops  of  rain  in  falling  toward  the  earth; 
meet  with  a ft  ream  of  cold  air,  they  are  often  froze 
into  ice,  and  fo  fall  to  the  ground  in  the  form  of  hail. 
Hence  the  reafon  appears,  why  (now,  which  is  only 
frozen  mift,  is  lighter  than  either  rain  or  hail.  ' i 

- But  why  is  fnow,  though  it  feems  to  be  foft,  truly 
hard  ? Becaufe  it  is  true  ice.  It  feems  foft,  becaufe 
at  the  firft  touch  of  the  finger  on  its  (harp  edges  or 
points,  they  melt.  Otherwise  they  would  pierce  the 
finger,  juft  as  fo  many  lancets. 

But  why,  though  it  be  true  ice,  which  is  a hard  and 
denfe  body,  is  it  fo  very  light  ? Becaufe  of  the  ex- 
treme thi'nnefs  of  each  circle,  in  comparifon  of  its 
breadth.  So  gold,  the  moft  ponderous  of  aU  bodies, 
when  beaten  into  leaves,  rides  upon  the  air. 

Why  is  it  white  ? Becaufe  its  parts,  though  fingly 
tranfparent,  yet  muft  appear  white  when  mixed  toge- 
ther , as  do.  the  parts  of  froth,  of  powdered  glafs,  and 
other  tranfparent  bodies,  whether  foft  or  hard. 

You  will  fee  fnow  of  a peculiar  kind,  if  you  try  the- 
following  experiment.  Set  a tall  phial  of  aquafortis  by 
the  fire,  till  it  is  warm.  Then  put  in  filings  of  pure- 
filver,  a few  at  a time,  and  after  a brifk  ebulliti- 
on, tire  filver  flowly  difiolves*  Place  this  in  a cold 
window.  As  it  cools,  the  filver  particles  fhoot  into* 
cryftals,  feveral  of  which  running  together,  form  a 
flake  of  fnow,  and  defcend  to  the  bottom- of  the  phial.- 
While  they  are  defcending,  they  perfectly  represent  a 
fhower  of  filver  fnow.  And  the  flakes  lie  upon  one 
another  at  the  bottom,  like  real  fnow  upon-  the  ground . 

Many  particles  of  fnow  are  of  a regular  figure,  like 
rowels,  or  ftars  of  fix  points.  On  each  of  thefe  points 
are  other  collateral  ftars,.  but  many  of  the  points  are 
broken.  Others,  have  been  thawed,  and  are  froze 
again  into  irregular  clufters.  All  thefe  are  perfeft  ice, 
fo  that  the  whole  of  fnow  is  an  infinite  number  of  ici- 
cles. A cloud  of  vapours  condenfing,  forthwith  , des- 
cends, till  meeting  with  a freezing  air,,  each  drop 
immediately  becomes  an  icicle,  (hooting  itfelf  inter 
feveral ' points.  Thefe  defcending  ftill,  and  ei- 
ther ftriking  on  each  other,  or  meeting  with  gales 
©£  wanner  air,  are  a little  blunted  or  thaw- 
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ed,  and  froze  again  into  clutters,  andfo  entangled  at 
to  fall  in  Hakes. 

Even  in  our  temperate  climate,  we  have  fometimes 
had  very  extraordinary  fhowers  of  hail.  On  April  29, 
1 697,  a thick  black  cloud,  coming  from  Carnarvon- 
fhire,  poured  fuch  a hail  on  Chefliire,  Lancafliire,  and 
fome  other  counties,  that  in  a line  two  miles  broad  and 
fixty  miles  long,  it  did  inconceivable  damage.  It  not 
only  killed  allfmall  animals,  but  fplit  trees,  and  beat 
down  horfes  and  men.  The  hail-ftones,  many  of 
which  weighed  five  ounces,  fome  feven  or  eight,  were 
of  various  figures  s fome  round,  others  half  round, 
fome  fmooth,  others  embofled,  or  varioufly  granulated. 
The  icy  fubftance  of  them  was  tranfparent  and  hard  j 
but  there  ivas  a fnowy  kernel  in  the  middle  of  each. 

/ ■ 8 ■ - 

May  4,  in  the  fame  year,  there  was  a fhower  of 
hail,  in  Hertfordfhire,  which  exceeded  this.  Fields  of 
rye  were  cut  down  as  with  a icythe  : feveral  men  killed, 
and  vaft  oaks  fplit.  The  ftones  were  from  ten  to  four- 
teen inches  round,  fome  oval,  fome  picked,  and  others 
Hat. 

- - 

Mezeray  relates  that  in  Italy,  in  1510,  there  was,  af- 
ter a horrible  darknefs,  a fhower  of  hail  which  deftroy- 
ed  all  the  fifh,  birds  and  beafts  of  that  country.  It 
was  attended  with  a ftrong  fmell  of  fulphur.  Some  of 
the  ftones  weighed  a hundred  pounds. 
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4.  The  rain-bow  is  always  feen  in  the  region  oppo- 
fite  to  the  fun,  and  never  but  when  it  rains  on  that  ,, 

fide.  Its  colours  are  conftantly  in  this  order  ; the  out- 
ermoft  red,  the  next  yellow,  the  third  green,  the  inner-  * 

mod  violet  colour : but  thefe  are  not  always  equally  vi- 
vid; When  two  rainbows  appear,  the  upper  exhibits  the 
fame  colours,  but  fainter,  and  in  an  inverted  order. 

The  feat  of  the  rainbow  is  the  drops  of  rain,  on  which 
the  rays  of  the  fun  fall,  and  after  various  refractions 
and  reflections,  ftrike  cn  the  eye  of  the  beholder.  This 
is  rendered  indifputable  from  hence,  that  the  very  fame 
colours,  and  in  the  fame  order,  are  exhibited  in  the 
drops  of  water,  fpouted  from  a fountain. 

The  m 
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The  moon  alfo  fometimes  exhibits  a rainbow  : but 
only  when  fhe  is  full : her  light  being  at  other  times 
- too  faint  to  affedt  the  fight,  after  two  refradtions  and 
a reflection.  It  has  all  the  colour  of  the  folar  rain- 
bow, very  diftlnCl  and  pleafant,  only  confiderably 
fainter. 

I * A rainbow  is  likewife  fometimes  exhibited  by  the  fea,  - 

when  a ftrong  wind  carries  the  tops  of  the  waves  aloft, 
and  the  fun’s  rays  falling  upon  them  are  refraded  and 
reflected,  as  in  a fhowfer.  But  the  colours  of  this  are 
lefs  lively,  lefs  diftinCt,  and  lefs  durable  than  thofe  ot 
the  common  bow.  Scarce  above  two  colours  are  dif- 
tinguifhable,  a dark  yellow  on  the  fide  next  the  fun, 
and  a pale  green  on  the  oppofite  fide*  But  fometimes 
twenty  or  thirty  of  them  are  feen  at  once.^  They  ap- 
pear at  noon-day,  in  a pofition  oppofite  to  that  of  the 
common  rainbow,  the  concave  fide  being  turned  up- 
, wards.  v ^ 

/ x c"* 

5.  Halo’s  are  circles  of  various  colours,  which  are 
fometimes  feen  about  the  fun  or  moon.  The  fpace 
contained  within  them  (efpecially  near  thofe  parts 
which  are  tinCtured  with  the  moll  lively  colours)  is 
more  dufky  than  the  fky  without.  (They  never  ap- 
pear in  rainy  weather.)  r Perhaps  the  air  is  at  that 
time  full  of  very  fmall  icy  particles,  on  which  the  rays 
of  the  fun  and  moon  falling,  after  refradtion,  exhibit 
that  appearance. 

6.  As  to  mock  funs,  we  fometimes  fee  a large* 

J white  circle,  parallel  to  the  horizon,  in  feveral  parts 

whereof  more  or  fewer  funs  appear,  though  not  al- 
ways of  the  fame  fize  or  colour.  As  an  halo  frequent- 
ly appears  at  the  fame  time,  it  is  probable  they  fpring 
from  much  the  fame  caufe,  namely,  from  icy  parti- 
cles floating  in  the  air,  between  the  fun  and  the  eye  of 
the  fpedlator.  The  rays  of  the  fun  reflected  from 
thefe,  may  form  that  bright  circle,  in  certain  parts 
whereof,  by  a double  refradtion  and  refledtf  on  of  them* 
thofe  fictitious  funs  appear.  In  the  fame  manner,  the 
appearances  termed  mock  moons  may  be  accounted 
for. 

^ 7*  Among 
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7.  Among  fiery  meteors  are  reckoned,  thunder, 
; lightning,  ignes  fatui,  lambent  flames,  and  what  are 
called,  falling  ftars.  Unlefs  we  account  for  thefe  ( as 
indeed  it  is  eafy  to  do)  upon  the  principles  of  electrici- 
ty, we  muft  fuppofe  they  are  owing  to  fulphureous  or 
bituminous  particles,  floating  in  the  air,  which  when 
collected  in  fufficient  quantities,  take  fire  by  various 
means.  If  a large  quantity  of  inflammable  vapour 
takes  fire  at  once,  the  flame  tears  the  cloud  with  incre- 
dible force,  as  well  as  immenfe  noife.  But  the  light 
moving  fwifter  than  the  found,  is  feen  before  that  is 
heard.  Sometimes  an  exhalation  of  a milder  kind 
takes  fire,  and  produces  lightning  without  thunder. 
When  it  thunders  and  lightens,  it  commonly  rains  too, 
the  fame  fliock  driving  together  and  condenfing  the 
clouds.  And  the  wifdoni  of  God  appoints  it  fo,  for 
the  prefervation  of  his  creatures.  For  if  lightning 
falls  on  one  who  is  thoroughly  wet,  it  does  him  no 
harm  at  all.  Not  that  the  water  quenches  or  refills  the 
fire  ; but  it  conveys  it  into  the  ground. 

High  places  are  mod  frequently  (truck  with  light- 
ning, if  they  have  (harp  points,  as  fpires  of  churches, 
or  tops  of  trees,  which  as  it  were,  attraCl  the  fire.  It 
fometimes  bums  the  clothes  without  hurting  the  body  ; 
fometimes  breaks  the  bones  without  fcorching  the  lkin# 
It  melts  the  fword  in  the  fcabbard,  or  money  in  the 
pocket,  while  the  fcabbard  or  pocket  remains  as  it  was. 
In  general,  it  pafles  innocently  through  thofe  things 
that  make  little  or  no  refiftance ; but  tears  thofe  in 
pieces  with  impetuous  force,  which  refill  its  paflage. 

* > ' ) ■'  > % • 

One  very  particular  effeCl  of  lightning,  is  what  the 
vulgar  call.  Fairy  Circles.  Thefe  are  of  two  kinds. 
One  kind,  is  a round,  bare  path,  about  a foot  broad, 
with  green  grafs  in  the  middle,  and  is  frequently  feven 
or  eight  yards  in  diameter.  The  other  is  a circle  of  the 
fame  breadth,  of  very  green  grafs,  much  frelher  than 
that  in  the  middle.  Thefe  are  generally  obferved  after 
ftorms  of  thunder  and  lightning.  And  it  is  no  won- 
der, that  lightning,  like  other  fires,  moves  circularly, 
and  burns  more  at  the  extremity  than  in  the  middle. 
The  fecond  kind  of  circles  without  all  doubt  fpring  ori- 
ginally from  the  firll : the  grafs,  which  was  burnt  up 
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by  the  lightning,  growing  afterward  more  frefh  and 
green. 

[>  • - v ....  ” - ■ 

I But  of  what  kind  was  that  meteor  which  appeared 

March  21,  1676?  Two  hours  after  fun-fet,  it  came 
over  the  Adriatic  fea,  from  E.  N.  E.  to  W.  S.  W.  and 
croifed  over  all  Italy,  being  nearly  vertical  to  Rimini 
on  the  one  fide,  and  Leghorn  on  the  other.  I t was  at 
leaft  thirty-eight  miles  high.  In  all  places  near  its 
courfe,  it  made  a hiding  nolle  like  a fky-rocket.  Hav- 
♦ big  palled  Leghorn,  it  gave  a found  like  that  of  a 

large  cannon,  and  quickly  after  like  a cart,  running 
over  Hones.  It  was  computed  to  move  160  miles  in  a 
minute,  which  is  above  ten  times  as  fwift  as  the  diurnal 
motion  of  the  earth.  Its  fmaller  diameter  was  judged 
to  be  above  half  a mile.  No  wonder  then,  that  fo> 
large  a body,  moving  with  fuch  incredible  fwiftnefs 
through  the  air,  though  lb  much  rarefied,  fhould  caufe 
that  hilling  noile.  It  is  much  harder  to  conceive,  how 
fuch  an  impetus  could  be  imprefled  upon  it ; how  this 
impetus  Ihould  be  determined  in  a direction  fo  nearly 
l parallel  to  the  horizon.  And  what  fort  of  fubflance  it 

muft  be,  that  could  be  fo  impelled  and  ignited  at  the 
fame  time.  Whatever  it  was,  it  funk,  and  was  ex* 
tinguifhed  in  the  Tyrrhene  Sea,  to  the  W.  S.  W.  of 
Leghorn.  The  great  noife  was  heard,  on  its  immer- 
fion  into  the  water,  the  rattling  found  upon  its  quench.* 
ing.  . - : ; 

OnThurfday,  March  19,  1719,  there  appeared  at 
London,  about  eight  at  night,  a fudden  great  light* 
moving  after  the  manner,  but  more  flowly  than  a fall- 
ing (tar,  in.  a diredt  line,  a little  beyond  and  withal  be* 
low  Orion’s  Belt,  then  in.  the  fouth-weft.  In  “its  way* 
it  turned  tapering  upward,  and  at  laft  fpherical,  near 
as  big  as.  the  full  moon.  It  was  whitiih,  with  an  eye  of 
blue,  as  bright  as.  the  fun  in  a clear  day.  Itfeemed  in 
half  a minute  to  move  twenty  degrees,  and  to  go  out 
as  much  above  the.  horizon.  There-  remained  after  it 
for  more  than  a minute,  a track  of  reddiih  colour* 
fuch  as  that  of  red-hot  iron 't  and  fparks  leemed  to  iffue 
from  it,  fuch  as  come  from  red-hot  iron,  beaten  upon 
r an  anvil. 

Within 
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Within  doors  the  candles  gave  no  light ; and  with- 
out, not  only  the  ftars  difappeared,  but  the  moon,  nine 
days  old,  though  the  Iky  was  clear,  and  (he  was  then 
near  the  meridian : fo  that  for  fome  feconds,  we  had 
perfeft  day.  Its  height  was  feventy-three  miles  and  a 
half.  Hence  it  might  be  feen  in  all  places,  which  were 
not  diftant  from  it  more  than  two  hundred  and  twenty 
leagues.  Accordingly,  it  was  feen  at  the  fame  inftant* 
over  Spain,  Fiance,  Great  Britain,  Ireland,  Holland* 
and  the  hither  parts  of  Germany. 

Another  appearance,  which  refembles  lightning  is 
the  Aurora  Borealis,  commonly  called  northern  lights. 
This  is  ufually  of  a reddifh  colour,  inclining  to  yel- 
low, and  fends  out  corufcations  of  bright  light,  which 
feem  to  rife  from  the  horizon  in  a pyramidical  form, 
and  {hoot  with  great  velocity  into  the  zenith.  It  ap- 
pears frequently  in  the  form  of  an  arch,  rifes  far  above 
the  regions  of  the  clouds,  yet  never  appears  near  the 
equator,  but  always  nearer  the  poles. 

8.  Vapours  of  the  fame  kind,  that  give  rile  to  light- 
nings in  the  air,  occafion  damps  in  the  earth.  The 
damps  ufual  in  mines  are  of  four  forts.  The  approach 
of  the  firft  and  mod  common  is  known  by  the  flame 
of  the  candle  lelfening  till  it  gees  out : as  alfo  by  the 
men’s  difficulty  of  breathing.  Thofe  who  efcape  fwoon- 
ing  are  not  much  hurt  on  this : but  thofe  who  fwoon 
away,  are  commonly  on  their  recovery  feized  with 
ftrong  convulfions.  The  fecond  is  the  Pealbloom  damp, 
fo  called  becaufe  of  its  fmell.  This  comes  only  in  fum- 
mer,  and  is  common  in  the  peak  of  Derbyfhire.  They 
who  have  feen  the  third  fort  of  damp,  deferibe  it  thus.* 
In  the  higheft  part  of  the  roof  of  thofe  paffages  in  a 
mine,  which  branch  out  from  the  main  grove,  a round 
thing  hangs  about  as  big  as  a foot-ball,  covered  with 
a thin  {kin.  If  this  be  broken,  the  damp  immediately 
fpreads,  and  fuffocates  all  that  are  near.  But  fome- 
times  they  contrive  to  break  it  at  a diftance ; after 
which  they  purify  the  place  with  fire.  The  fourth  is 
the  fire-damp:  a vapour,  which  if  touched  by  the 
flame  of  a candle,  takes  fire,  and v goes  off  like  gun- 
powder. And  yet  fome  who  have  had  all  their  clothes 
burnt  off  by  one  of  thefe,  and  their  flefli  torn  off  their 
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bones,  at  the  very  time  felt  no  heat  at  all,  but  as  it 
were  cool  air. 

Sir  James  Lowther,  having  collected  fome  of  the 
air  in  bladders,  brought  it  up  to  London.  Being  let 
out  at  the  orifice  through  a tobacco-pipe,  it  would  take 
fire  at  the  flame  of  a candle. . And  even  this  is  imita* 
ble  by  art.  Mofb  metals  emit  fulphureous  vapours, 
while  they  are  difiolving  in  their  feveral  menftruums. 
Iron  tor  inftance,  while  it  diflolves  in  oil  of  vitriol, 
emits  much  fulphureous  vapour.  If  this  be  received 
into  a bladder,  and  afterwards  let  out  in  a fmall  dream, 
it  takes  fire  juft  in  the  fame  manner  as  the  natural  va- 
pour. 

This  experiment  explains  one  caufe  of  the  earth- 
quakes and  volcanos ; fince  it  appears  hence,  that  no- 
thing more  is  neceflfary  to  form  them,  than  iron  mixing 
witn  vitriolic  acid  and  water.  Now  iron  is  generally 
found,  accompanied  with  fulphur ; and  fulphur  con- 

lifts  of  an  inflammable  oil,  and  an  acid  like  oil  of  vi- 
triol* 

This  acid  in  the  bowels  of  the  earth,  being  diluted 
with  a little  water,  becomes  a menftruum  to  iron,  with 
a violent  effervefcence  and  an  intenfe  heat.  The  air 
coming  from  this  mixture  is  extremely  rarefied,  and 
the  more  it  is  comprefled  by  the  incumbent  earth,  fa 
much  the  more  its  impetus  will  be  increafed  to  an  un- 
limited degree.  Nor  does  there  need  fire  to  fet  thefe 
vapours  to  work.  The  air  in  the  bladder,  if  it  be  much 
heated,  will  of  itfelf  take  fire,  as  foon  as  it  is  brought 
into  contact  with  the  external  air. 

- , : p / . S . 

Other  damps  are  fometimes  as  mortal  as  thofe  in 
mines.  In  the  year  1701,  a malon  being  at  work  in 
the  city  of  Rennes,  near  the  brink  of  a well,  let  his 
hammer  fall  into  it.  • A labourer  who  was  fent  down 
for  rt,  was  fufFocated,  before  he  reached  the  water.  A 
fecond  fent  to  draw  him  up,  met  with  the  fame  fate. 
So  did  a third.  At  lafl  a fourth,  half  drank,  was  let 
down  with  a charge  to  call  out  immediately,  if  he  felt 
any  inconvenience.  He  did  call,  as  foon  as  he  came 
near  the  water,  and  was  drawn  up  inftantly.  Yet  he 
died  in  three  days,  crying  out,  he  felt  a heat,  which 
fcorched  his  entrails.  Yet  the  three  carcafes.  being  drawn 

up 
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up  wltli  hooks,  and  opened,  there  appeared  no  came 
of  their  death.  * - ? 

V * v - , ..  • * ''*■  V.  f 

The  fame  hiftorians  relate,  that  a baker  of  Chartres, 
having  carried  feven  or  eight  bulhels  of  brands  out  of' 
is  oven  into  a cellar  3(5  ftairs  deep,  his  fon,  a ftrong 
young  fellow,  going  with  more,  his  candle  went  out 
on  the  middle  of  the  ftairs.  Having  lighted  it  afrefh, 
lie  no  fooner  got  into-  the  cellar,  than  he  cried  for  help, 
and  they  heard  no  more  of  him.  His  brother,  an 
able  youth,  ran  down,  cried,  “ 1 am  dead,”  and  was  <■ 

heard  no  more.  He  was  followed  by  his  wife,  and 
fhe  by  a maid,  and  ftill  it  was  the  fame.  Yet  a hardy 
fellow  refolved  to  go  and  help  them  ; he  cried  too,  and 
was  feenno  more.  A fixth  man  defired  a hook  to  draw 
fome  of  them  out.  He  drew  up  the  maid,  who  fetched 
a figh  and  died.  Next  day  one  undertook  to  draw  up 
the  reft,  and  was  let  down  on  a wooden  horfe  with 
r opes,  to  be  drawn  up  whenever  he  fhould  call.  He 
foon  called,  but  the  rope  breaking,  he  fell  back  again, 
and  was  a while  after  drawn  up  dead.  Upon  opening 
him  the  membranes  of  the  brain  were  found  extremely 
ftretched,  his  lungs  fpotted  with  blood,  his  inteftines 
fwelled  as  big  as  one’s  arm,  and  red  as  blood,  and  all. 
the  mufcles  ?f  his  arms,  thighs,  and  kgs,  torn  and  . 
feparated  from  their  bones. 

Whence  this  ft  range  difference  fhould  arife,  that  the 
vapours  of  fome  mines  catch  fire  with  a fpark,  and 
others  only  with  a flame,  is  a cjueftion  that  we  muft  be 
content  to  leave  in  obfeurity,  till  we  know  more  of  the 
nature  both  of  mineral  vapour  and  fire.  This  only 
we  may  obferve,  that  gunpowder  will  fire  with  a fpark, 
but  not  with  the  flame  of  a candle:  on  the  other  hand, 
fpirits  of  wine  will  flame  with  a candle,  but  not  with 
a fpark.  But  even  here  the  caufe  of  this  difference  re- 
mains a fecret. 

V - ‘ ' \ ' , t • / v - 

A like  inffance  of  the  fatal  nature  of  foul  air,  hap- 
pened at  Bofton,  in  New  England.  Mr.  Adams  and 
his  fervant  being  employed  to  repair  a pump,,  unco- 
vered the  well,  and  Mr.  Adams  went  down  by  a rope 
but  he  had  not  gone  fix  feet  before,  he  dropt  fuddenly  , 

“ . " - without 

' ' i s * . . 
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without  fpeaking  a word,  to  the  upper  part  of  the 
joint  of  the  pump,  where  being  fupported  about  a mi* 
nute,  and  breathing  very  fhort,  he  then  fell  to  the  bot- 
tom, without  any  figns  of  life.  His  fervant  haftily 
went  down  to  help  his  matter;  but  at  the  fame  diftance 
from  the  top,  was  ftruck,  and  without  difcovering  any 
figns  of  diftrefs,  fell  to  the  bottom.  The  workmen 
prepared  a third,  with  a tacle  about  his  waift.  On  his 
defcent,  he  was  quickly  fpeechlefs  and  fenfelefs.  Though 
he  made  no  fign,  they  drew  him  up.  He  was  the  very 
pi<Sure  of  death,  but  by  the  ufe  of  proper  means  re- 
covered. He  remembered  nothing  of  what  had  patted* 
The  other  bodies  when  taken  up,  had  all  the  marks  of 
a violent  death. 


The  vapour  of  fermenting  liquors  is  equally  extra- 
ordinary in  its  effedls.  This  vapour  appears  over  the 
fermenting  liquor  as  a fog  in  a meadow,  but  more 
fleecy.  It  is  heavier  than  air,  and  falls  quick  to  the 
ground  and  difappears.  Van  Helmont  calls  it,  Gas 
.Sylveftre.  Boerhaave  fays,  u There  is  nothing  more 
furprifing  in  fermentation,  than  the  Spiritus  Sylveftris, 
nor  is  there  any  poifon  that  I am  acquainted  with,  fo 
fubtle,  fwift,  and  fatal.  For  if  a very  large  veflel  full 
©f  mutt,  in  the  very  a<tt  of  fermentation,  ftiould  dif- 
charge  this  fpirit  through  a fmall  vent-hole  in  the  top 
of  the  veflel,  and  the  ftouteft  man  fliould  apply  hisi 
nofe  to  the  hole,  and  at  once  draw  in  this  vapour,  he 
would  drop  down  dead  in  an  inftant,  without  any 
apparent  caufe  of  it.  It  extinguifhes  ‘flame  inftan- 
taneoufly.  If  a lighted  candle  be  let  flowly  into  it, 
the  flame  is  borne  up  from  the  wick,  and  the  candle 
may  be  raifed  up  again  fo  as  to  receive  the  flame.”  One 
put  a moufe  into  it,  which  was  killed  in  about  a fe- 
cond  of  time,  it  kicked  once  or  twice,  and  then  was 
quite  dead. 


May  we  afcribe  to  a kind  of  damp,  a fort  of  mur- 
rain, which  appeared  in  Italy,  and  made  great  havoc 
among  the  cattle?  It  fpread  itfelf  in  the  form  of  a 
blue  mitt,  over  thofe  paftures  where  they  grazed:  fo 
that  whole  herds  came  home  fick,  and  moil  of  them 
died  iu  twenty-four  hours.  Many  who  went  among 
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them,  were  infe&ed,  and  died  in  the  fame  manner* 
Some  imputed  this  contagion  to  noxious  vapours, 
thrown  out  of  the  earth,  by  earthquakes  preceding. 
It  pafled  through  Germany  to  Poland,  going  without 
intermiflion,  eleven  or  twelve  miles  in  twenty-four 
hours,  and  fuffering  no  cattle  in  its  way  to  efcape, 
whether  withiri  doors  or  without.  Hence  others  ima- 
gined it  was  owing  to  fome  volatile  iniedt,  which  was 
able  to  make  but  Ihort  flights. 

* 9.  Ignus  Fatuus,  vulgarly  call  Will  with  the  Wifp, 
is  chiefly,  feen  in  dark  nights,  irregularly  moving  over 
meadows,  marfhes,  and  other  moift  places.  Itfeems 
to  be  a vifcous  exhalation,  which  being  kindled  in  the 
air,  reflects  a kind  of  thin  flame  in  the  dark,  though 
without  any  fenfible  heat.  It  is  often  found  to  fly  along 
rivers  or  hedges,  probably  becaufe  it  there  meets  with 
a ftream  of  air  to  dire#  it.  In  Italy  there  are  lumi- 
nous appearances,  nearly  refembling  thefe,  which  on 
a clofe  infpedHon  have  been  found  to  be  no  other  than 
fwarms  of  fhining  flies. 

In  all  the  territories  of  Bologna,  thefe  fiery  appear* 
ances  are  common.  There  are  fome  places  where  one 
may  be  almoft  fure  of  them,  every  dark  night,  as 
near  the  bridge  Della  Salcarata,  and  in  the  fields  of 
Bagnara,  thefe  are  large : fometimes  equal  to  the  light 
of  a faggot,  rarely  lefs  than  that  of  a linkr  That  at 
Bagnara  not  long  fince  kept  a gentleman  company  for 
a mile,  moving  juft  before  him,  and  cafting  a ftronger 
light  on  the  road  than  the  link  he  had  with  him. 

All  of  them  refemble  a flame,  and  are  continually  in 
in  motion,  but  the  motion  is  various  and  uncertain.  In 
winter,  when  the  ground  is  covered  with  fnow,  they  are 
moft  frequent  of  all.  Nor  does  rain  hinder  them  : 
Bay,  in  wet  weather  they  give  the  ftrongeft  light : wind 
alfo  does  not  difturb  them.  As  they  are  not  hindered 
by  wet,  and  fet  nothing  on  fire,  though  ever  fo  com- 
buftible,  may  it  not  reafonably  be  fuppofed,  that  they 
have  fome  refemblance  to  that  kind  of  phofphorus, 
which  fhines  indeed  in  the  dark,  yet  does  not  burn  like 
common  fire  ? 
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The  following  experiments  fliew  a little  more  of  thtf 
mature  of  this  ftrange  fubftance. 

Salt  of  phofphorus,  kept  in  a vitrifying  heat,  at 
lafi  runs  into  perfedl  glafs.  What  a wonderful  fubjett 
is  this  ? And  how  furprifing  it  is,  that  fo  inflammable 
a body  ftiould  become  glafs ! Here  then  is  perfect 
tranfmutation  of  bodies  : the  phofphorus  being  tranf^ 
muted  into  a tranfparent  glafs  of  a bluifh  green,  com* 
ing  nearer  the  hardnefs  of  a diamond,  than  any  other 
glafs  whatever.  And  the  glafs  is  in  the  very  fame  quan- 
tity with  the  phofphorus,  which  produces  it  ounce  for 
ounce. 

■ *♦  -\  * 

Another  odd  circumftance  relating  to  phofphorus  is, 
cut  it  lmall,  or  fcrape  it  with  a knife,  and  lay  it  on  a 
glafs  diih  in  moift  air.  In  a week  it  refolves  into  a 
liquid,  near  eighty  times  its  original  weight.  This 
liquid  is  the  fame  in  all  refpects,  with  that  which  comes 
from  the  fublimed  flowers  by  deflagration.  And  this 
may  be  turned  into  the  fame  glafs  with  the  original 
phofphorus.  One  of  the  moft  Angular  kinds  of  lam- 
bent  fires  is  that  difcovered  at  certain  times  on  fea- 
water.  Where1  the  fhip  goes  fwiftly  in  the  night,  in 
many  feas  the  whole  breaking  of  the  water  will  appear 
behind  it,  as  if  on  fire,  fparkling  and  finning  all  the  way 
that  it  moves  from  the  fhip. 

It  is  in  this  part  as  bright  and  glittering  as  if  the 
moon  fii one  upon  it,  and  chiefly  when  there  is  neither  \ 
moon  or  ftars,  nor  any  light  in  the  lanterns.  But  it 
is  not  always  the  fame  : fometimes  it  is  fcarce  'perceiv- 
able, fometimes  very  vivid  and  bright.  Sometimes  it 
is  only  juft  behind  the  fhip,  fometimes  itfpreads  a great 
way  on  each  fide.  It  commonly  reaches  thirty  or  forty 
feet  from  the  ftern  of  the  fhip,  but  is  fainter  as  it  is 
farther  off.  At  the  ftern  it  is  often  fo  bright,  that  a per- 
fon  on  deck  may  fee  to  read  by  it.  The  luminous 
water  that  follows  the  fhip  is  fometimes  diftindt  from 
the  reft  of  the  furfacei  Sometimes  it  is  fo  blended 
with  the  adjacent  water,  that  the  appearance  is  con- 
Fufed.  The  luminous  matter  feems  compofed  of  final! 
fparkles,  which  are  fometimes  in  the  figure  of  a ftar, 
fometimes  it  forms  globules,  without  any  radiations 
from  them.  Thefe  are,  fome  of  the  fize  of  a large 

pin*s 


( 20  } 

pin’s  head;  fome  larger,  even  to  a foot  in  diameter. 
Sometimes  the  luminous  matter  is  in  oblong  fquares, 
of  three  or  four  inches.  When  the  (hip  goes  fwiftly, 
thefe  figures  all  combine  and  form  a fort  of  luminous 
whirlpool  Nor  does  a (hip  only,  but  whatever  moves 
fwift  through  the  fea,  caufe  the  fame  appearance. 
Large  fiflrwhen  they  fwim  near  the  furface,  leave  a 
luminous  road  between  them.  So  have  a number  of 
fifh  moving  together.  And  fometimes  the  throwing 
out  a rope,  or  any  thing  that  breaks  the  furface  of  the 
water,  will  render  it  luminous.  If  fea- water  be  taken 
up,  and  placed  in  a veflel,  as  foon  as  it  is  ftirred,  it 
will  fparkle  : and  if  a linen  rag  be  dipped  in  fea-water, 
and  hung  up,  when  it  is  thoroughly  dried,  it  will  ap- 
pear luminous  on  being  rubbed  in  the  dark ; and  when 
half  dry,  it  need  only  be  fhook,  to  fliew  a great  num- 
ber of  fparkles.  When  thefe  fparkles  are  once  formed, 
and  fall  on  any  folid  body,  they  will  laft  a confiderable 
time.  If  they  remain  on  the  water,  they  will  foon  go 
out. 

The  waves  beating  againft  the.  rocks  or  fhore,  yea, 
or  againft  one  another,  will  occafion  the  fame  appear- 
ance, and  often  yield  a long  courfe  of  light  the  whole  • 
night.  In  the  Brafils  the  mores  often  feem  all  on  fire, 
by  the  waves  dafliing  againft  them.  In  general,  the 
thicker  and  fouler  the  feas  are,  the  more  of  this  light 
they  afford.  In  many  places  the  fea  is  covered  with  a 
yellowifti  matter  like  faw-duft,  which  feems  to  be  the  _ 
excrement  of  feme  fea-animal.  The  water  where  this 
is  found,  gives  more  light,  upon  moving,  than  any 
other. 

\ 

Some  parts  of  the  northern  feas  are  covered  with  this, 
for  feveral  leagues  together,  and  this  is  often  luminous 
all  over  in  the  night,  though  not  ftirred  by  any  thing 
moving  through  it. 

/ ' V 

In  the  gulf  of  Venice  the  water  is  luminous,  only 
from  the  beginning  of  fummer  till  the  end  of  harveft. 

This  light  is  moil  copious  in  places  abounding  with 
fea-grafs,  efpecially  when  any  thing  moves  the  water.  * 
One -filled  a flalk  with  this  water;  hut  it  emitted  no 
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light  till  it  was  ftrrred  in  the  dark.  When  this  was 
drained  through  a fine  cloth,  the  cloth  Ihone  in  the 
dark,  but  not  the  water.  This  light  confided  of  in- 
numerable lucid  particles.  When  fome  of  this  fea- 
grafs  was  taken  up,  there  were  above  thirty  of  thefe 
particles  on  one  leaf,  one  of  which  when  it  was  (taken, 
tell  off.  It  was  as  fine  as  an  eye-laih  and  about  as 
long.  Viewed  with  a microfcope  it  appeared  to  be 
a worm  or  maggot,  confiding  of  eleven  rings,  with 
as  many  mamillae  on  the  Tides  inftead  of  feet.  Their 
whole  bodies  were  lucid,  though  lead  fo,  when  at  red. 
In  fpring  they  confine  themfelves  to  thefea-grafs : but 
in  fummer  they  are  difperfed  all  over  the  fea  and  modly 
on  the  furface.  When  this  fea  fparkles  more  than  ufual, 
it  is  the  dire  fign  of  a dorm  : and  this  proceeds  from 
the  greater  agitation  of  the  worms,  already  fenfible  of 
the  approaching  change.  Hence  it  is  clear,  that  the 
glittering  of  this  lea,  in  a (hip’s  courfe,  is  occafioned 
by  thefe  worms : which  probably  is  the  cafe  in  fome 
other  feas  alfo.  And  they  are  certainly  the  caufe  of. 
the  light  in  the  Pinna-Marina,  a large  mufcle  frequently 
caught  by  the  Algerine  fifliermen. 

Many  fea-fifli  indeed  have  a vifcous  matter  about 
their  gills,  efpecially  when  they  have  been  fome  time 
dead.  Thefe,  when  b'pt  in  fea-water,  lhine  as  bright 
as  a flaming  coal.  A dick  rubbed  on  their  gills,  be- 
comes luminous  wherever  it  has  touched  them,  and 
continues  fo,  while  it  continues  moifl  ; but  as  it  dries, 
the  light  fades. 

There  is  a fmall  fhell-fifh,  called  a Da&ylus,  which 
is  luminous  all  over.  When  it  is  taken  out  of  the  lhell, 
in  the  dark,  every  part  of  its  furface  fhines  with  a bright 
light.  Nor  is  it  the  furface  only  ; but  the  whole  body. 

For  if  it  be  wounded  either  lengthways  or  acrofs, 
the  out  parts  are  as  luminous  as  the  furface.  It  is  there- 
fore, a true,  natural  phofphorus,  and  makes  every 
tiling  luminous  that  touches  it,  which  remains  fo  as 
long  as  it  is  wet.  When  it  is  fre/h  caught  it  abounds 
with  Water,  and  the  very  drops  which  fall  from  it  are 
luminous. 

Some 
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Some  boiled  Mackrel  having  been  left  in  the  water 
for  pickle,  the  cook,  a day  or  two  after,  ftirring  the 
water,  found  it  very  luminous.  Wherever  the  drops 
of  it  fell  on  the  ground  they  ftiined.  The  next  day  we 
repeated  the  trial.  The  water  ftill  fibred,  gave  no 
light  ; but  when  gently  ftirred  by  the  hand,  it  (hone 
bright ; and  by  a brifker  motion  it  feemed  to  flame. 
The  fifh  fhone,  as  well  from  the  infide  as  the  out : yet 
they  were  not  either  fetid  or  infipid.  When  fetid  they 
did  not  fhine  at  all. 

The  chief  circumftance  which  Mr.  B.  noted  con* 
ceming  luminous  flefh  were,  1.  It  was  a neck  of  veal* 
bought  fome  days  before:  2.  In  this  about  twenty  places 
fhone,  though  not  alike  : 3.  Moft  of  thefe  were  as 
big  as  the  nail  of  a man’s  finger,  and  irregularly  fhaped : 
4.  The  parts  which  fhone  moft  were  the  grifly,  or  the 
bruifed  parts  of  the  bones : 5.  Some  of  thefe  were  fo 
bright,  that  holding  a printed  paper  to  them,  1 could 
read  feveral  letters : 6.  One  could  not  difcern  in  any 
of  them  the  lead  degree  of  heat,  neither  of  putrefac- 
tion : 7.  One  of  thefe  being  put  in  a cup  of  cold  wa- 
ter, the  light  continued  the  fame. 

Not  only  water,  fifh,  and  flefh,  but  fome  fort  of 
wood  will  fhine  as  bright  Sis  a burning  coal.  And  . 
herein  they  agree,  1.  Both  have  light  in  themfelves : 

2.  Both  need  the  air,  to  make  them  continue  fhining  : 

3.  Both  having  loft  their  light,  by  being  deprived  of 
the  air,  recover  it,  when  frefh  air  is  let  in  : 4.  Both 
are  eafily  quenched  by  water,  5.  Neither  of  them  is 
affe&ed  by  the  coldnefs  of  the  air. 

But  herein  they  differ  : 1.  The  light  of  a coal  is  put 
out  by  compreflion  : that  of  wood  is  not:  2.  The  coal 
is  quite  extinguifhed  by  withdrawing  the  air : that  of 
the  wood  is  only  eclipfed  : let  the  air  in  again  within 
half  an  hour,  and  it  immediately  recovers : A coal 
put  into  a fmall,  clofe  glafs,  will  not  burn  many  mi- 
nutes : a piece  of  wood  will  fhine  many  days : 4.  A 
burning  coal  emits  much  fmoke,  fhining  wood  none  at 
all. 

A diamond,  by  an  eafy  fri&ion  in  the  dark,  by  the 
finger  or  a woollen  cloth,  appears  in  its  whole  body 

to  be  luminous : and  if  it  has  been  rubbed  a good , 

while. 
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while,  it  will  keep  its  light  for  a little  time.  If 
when  the  fun  is  fet,  one  holds  up  a piece  of  flannel 
ftretched  tight  between  both  hands  at  a little  diftance, 
and  another  rubs  the  diamond  fwiftly  and  ftrongly  on 
the  other  fide  of  it,  the  light  to  the  eye  of  him  that 
holds  the  cloth,  feems  much  more  pleafant  and  perfeft. 
What  is  more  furprifing,  is,  that  a diamond. expofed 
to  the  open  air,  in  view  of  the  Iky,  (even  without  be- 
ing  in  the  funfliine)  gives  nearly  the  fame  light  of  it- 
felf  without  rubbing,  as  when  rubbed  in  a dark  room. 
But  if  you  hold  your  hand  or  any  thing  elfe  over  it, 
to  hinder  its  communication  with  the  fky,  let  it  lie  ever 
fo  long  in  the  open  air,  yet  it  will  give  no  light. 

A well-polifhed  piece  of  amber,  will  yield  light  if 
rubbed  in  the  dark.  And  if  itbedrawn  fwiftly  through  a 
woollen  cloth,  very  many  little  cracklings  are  heard,  and 
each  produces  a little  flafli  of  light.  If  drawn  gently 
it  produces  alight,  but  no  crackling. 

The  fplendor  of  the  fea- water  during  the  night,  hath 
long  been  a fubjedl  of  admiration,  and  upon  the  coafts 
of  Chioggia  it  is  particularly  remarkable  : at  firft  fight 
one  would  imagine  that  the  brilliant  images  of  the 
fixed  ftars  were  reflected  by  the  fea,  when  agitated  by 
the  winds.  This  brightness  becomes  much  more  vivid 
and  copious,  in  places  abounding  with  the  Alga  Ma* 
rina,  or  fea-weed. 

One  fummer-night  1 took  a veffel  full  of  the  fea- 
water  home  with  me.  I placed  it  in  a dark  room,  and 
obferved  as  often  as  I difturbed  the  water,  a very  bright 
light  iffued  from  it.  I then  palfed  the  water  through 
a very  clofe  linen  cloth,  to  try  if  it  would  ftill  retain 
its  fplendor  after  fuch  percolation.  But  notwithftand- 
ing  I agitated  it  in  the  moft  violent  manner,  I could 
not  excite  the  leaft  luminoufnefs  in  it.  The  linen  cloth 
however  afforded  the  moft  charming  fpe&acle  imagina- 
ble : it  was  covered  with  an  infinity  of  lucid  particles. 
To  the  naked  eye  they  appear  fmaller  than  the  fineft 
hairs : their  colour  of  a deep  yellow,  and  their  fub- 
ftance  delicate  beyond  imagination : but  having  a mind 
to  examine  them  more  curioufly,  I fumifhed  myfelf 
with  a good  microfcope,  and  was  foon  convinced  that 
" _ ’ thefe 
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thefe  lufninous  atoms  are  really  living  animals  of  a 
very  lingular  ftruiSture,  and  from  the  brightnefs  of  their 
luftre,  I thought  myfelf  authorifed  to  name  them  Ma- 
rine  Glow-Worms. 

Thefe  little  animals,  fimilar  to  caterpillars,  and 
other  infe&s  of  that  fpecies,  are  compofed  of  eleven 
articulations,  or  annuli,  a number  which,  according 
to  the  celebrated  Malpighi,  is  peculiar  to  the  whole 
vermicular  race.  Upon  thefe  annuli,  and  near  the 
belly  of  the  animal,  are  a fort  of  fmall  fins  or  wings, 
which  feem  to  be  the  inftruments  of  its  motion.  It 
has  two  fmall  horns  iffuing  from  the  fore  part  of  its 
head,  and  its  tail  is  cleft  in  two.  Their  whole  body 
is  luminous,  and  when  cut  to  pieces,  every  piece  emits 
a vivid  light  for  feme  time  ; probably  fo  long  as  the 
conclufive  motion  of  the  dying  parts  continues.  . 

Many  philofophers  of  the  firft  rank  have  imagined 
that  the  luminoufnefs  of  the  fea-water  in  the  night-fea- 
fon  is  occafioned  by  fome  eleflric  matter.  44  The  fur- 
face  of  the  fea,  fay  they,  having  been  expofed  all  the 
fummer  to  the  impulfe  of  the  folar  rays,  when  it  be- 
gins to  be  agitated  by  the  autumnal  winds,  throws  out 
luminous  fparks  perfeftly  fimilar  to  thofe  which  iflue 
from  eledrified  bodies.” 

But  ocular  demonftration  now  convinces  us,  that  this 

V.  # 

brightnefs  is  frequently,  if  not  always,  to  be  aferibed 
to  the  little  animals. 


The  light  of  a glow-worm  isfo  ftrong,  that  it  will 
ftiew  itfelf  through  feveral  fubftances.  The  creature 
feems  dead  in  the  day-time,  and  its  light  is  not  then  vi- 
fible,  even  in  a dark  room,  unlefs  it  be  put  in  motion, 
and  then  it  is  very  faint.  After  fun-fet  the  light  begins 
to  return,  and  with  it  the  life  and  motion  of  the  animal. 
Indeed,  the  motion  and  light  feem  to  depend  on  each 
other : it  never  fhines,  but  when  it  moves : and  when 
it  fhines  moft,  the  body  is  one  third  longer  than  in  the 
day-time.  While  it  fhines  brighteft,  it  fometimes  turns 
about,  and  the  light  is  no  larger  than  a pin’s  head.  But 
on  being  touched,  it  immediately  extends  itfelf,  and  the 
light  is  as  large  and  bright  as  ever. 

The  luminous  parts  are  two  fmall  fpecks  under  the 
tail.  The  ufe  of  its  light  is,  to  direft  the  animal  in  its 
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c«urfe,  and  in  taking  of  its  prey.  It  is  admirably 
placed  for  this  purpofe.  The  tail  is  eafily  bent  under' 
its  belly,  and  throws  its  light  full  upon  any  objedt, 
about  or  under  the  head  of  the  animal,  and  the  eyes 
are  placed  not  on  the  upper  part,  but  on  the  under  fide 
of  the  head,  fo  that  they  have  all  the  advantages  of  it, 
while  the  light  in  this  part  is  not  offenfive  to  the  eyes, 
as  it  naturally  would  have  been,  if  carried  about  the 
head.  The  creature  can  upon  occafion  cover  this  light, 
fo  as  not  to  be  known,  or  purfued  by  its  enemies.  It 
is  an  infedt  of  the  beetle-kind,  of  a brown  and  dulky 
colour.  It  has  Ihell  wings  as  the  other  beetles  have. 

« head  is  covered  with  a fort  of  broad-brimmed  hat, 
under  which  are  the  eyes  which  are  black  and  large. 

Falling  ftars,  fo  called,  feem  to  be  vapours  of  an- 
unctuous  kind,  kindled  in  the  lower  regions  of  the  air  i 
unlefs  this  alfo  (as  many  other  phenomena  of  the  fort) 
be  owing  to  what  is  vulgarly  termed  eledlricity. 

10.  From  a thoufand  experiments  it  appears,  that 
there  is  a fluid  far  more  fubtle  than  air,  which  is 
every  where  diffufed  through  all  fpace,  which  fur- 
rounds  the  earth,  and  pervades  every  part  of  it.  And  ' 
iuch  is  the  extreme  finenefs,  velocity,  and  expanfive- 
neis  of  this  a drive  principle,  that  all  other  matter 

feems  to  be  only  the  body,  and  this  the  foul  of  the  uni- 
verfe. 

It  is  highly  probable  this  is  the  general  inftrument  of 
all  the  motion  in  the  univerfe : from  this  pure  fire, 
(which  is  properly  fo  called)  the  vulgar  culinary  fire  is 
kindled.  For  in  truth,  there  is  but  one  kind  of  fire  in 
nature,  which  exifts  in  all  places  and  in  all  bodies. 
And  this  is  fubtle  and  adtive  enough,  not  only  to  be 
- under  the  great  caufe,  the  fecondary  caufe  of  motion, 
but  to  produce  and  fuftain  life  throughout  all  nature, 
as  well  in  animals  as  in  vegetables. 

This  great  machine  of  the  world,  requires  fome  fuch 
conftant,  adtive,  and  powerful  principle,  conftituted  by 
its  Creator,  to  keep  the  heavenly  bodies  in  their  fevera! 
courfes,  and  at  the  fame  time  give  fupport,  life,  and 
increafe  to  the  various  inhabitants  of  the  earth.  Now 
as  the  heat  of  every  animal  is  the  engine  which  circu- 
lates the  blood  through  the  whole  body,  fo  the  fun,  as 
Vol.  III.  B the 
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jthe  heart  of  the  world,  circulates  this  fire  through  the 
whole  univerfe.  And  this  element  is  not  capable  of 
any  eilential  alteration,  increafe,  or  dimunition.  It  is 
a fpecies  by  itfelf : and  is  of  a nature  totally  diftinit 
from  that  of  all  other  bodies.  , . .. 

That  this  is  abfoluteiy  neceflar-y  both  to  feed  com- 
mon fire,  and  to  fuftain  the  life  of animals,  may  be  learn- 
ed from  an  eafy  experiment.  Place  a cat,  together 
. with  a lighted  candle,  in  a cold  oven  .:  then  lute  the 
door  clofe,  having  fixed  a glafs  in  the  middle  of  it;; 
and  if  you  look  through  this,  you  may  obferve  at  one 
and  the  fame  inftant,  the  candle  goes  out,  and  the  ani- 
mal dies.  A plain  proof,  that  the  fame  fire  is  needful 
;to  fuftiinboth  culinary  fire  and  animal  life : and  a large 
quantity  of  it.  Some  doubtlefs  pervades  the  oven-door ; 
but  not  enough  to  fuftain  either  flame  or  life.  Indeed, 
every  animal  is  a kind  of  fire-engine.  As  Toon  as  the 
lungs  .infpife  the  air,  the  fire  mingled  with  it  is  inftant - 
|y  difperfed  through  the  pulmonary  vefiels  into  the 
blood  : thence  it  is  diffufed  through  every  part  of  the 
'body,  even  themoft  minute  arteries,  veins  and  nerves, 
fji  the  mean  time  the  lungs  infpire«more  air  and  fire, 
and  fo  provide  a conftant  fupply. 

The  air  Teems  to  be  universally  impregnated  with 
this  fire,  but  To  diluted,  as  not  to  hurt  the  animal  in 
refpiration.  So  a fmall  quantity  of  a liquor  dropt  in 
Water  may  be  friendly  to  a human  body,  though  a 
Tew  drops  of  the  fame  liquor  given  by  themfelves, 
would  have  occafioned  certain  death.  And  yet  you 
xannot  conceive  one  particle  of  the  water,  without  a 
^particle  of  the  medicine.  It  is  not  impoflible,  this 
may  be  one  great  ufe  of  air,  by  adhering  fo  clofely  to 
the  elementary  fire,  to  temper  and  render  falutary  to 
‘the  body,  what  would  otherwife  be  fatal  to  it. 

*V» 

To  put  it  beyond  difpute,  that  this  fire  is  largely 
* lulled  .with  the  air,  you  may  make  the  following  ex- 
periment. Take  a round  lump  of  iron,  and  be^it  it  to 
a degree  called  a welding  heat : take  it  out  of  the  fire, 
and  with  a pair  of  bellows,  blow  cold  air  upon  it.  The 
iron  will  then  as  effectually  melt,  as  if  it  were  in  the 
hotted  fire,.  Now  when  taken  out  of  the  forge,  it  had 
not  fife  enough  in  it  to  conquer  the  cohefion  of  its 
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parts  : but  when  this  fire  is  joined  with  that  which -was 
mixed  with  the  air,  it  is  fuffieient  to  do  it.  On - the 
fame  principle  we  account  for  the  increafe  of  a coal  or 
wood  fire,  by  blowing  it. 

And  let  none  wonder,  that  fire  fiiould  be  fo  connect- 
ed with  air,  as  hardly  to  be  feparated.  As  fubtle  as 
fire  is,  we  may  even  by  art  attach  it  to  other  bodies  *5 
yea,  and  keep  it  prifoner  for  many  years ; and  that, 
either  in  a folid  or.  fluid  form.  An-inftance  of  the  firft 
we  have  in  fteel ; which  is  made  fuch,  only  by  impact- 
ing a large  quantity  of  fire  into  bars  of  iron.  In  like  - 
manner,  we  impaCt  a great  quantity  of  fire  into  ftortfe 
to  make  lime.  An  inftance  of  the  fecond  kind  we  have 
in  fpirits,  wherein  fire  is  imprifoned  in  a fluid  form. 
Hence  common  fpirits  will  burn  all  away.  And  If 
you  throw  into  the  air,  fpirits  rectified  to  the  higheft 
degree,  not  one  drop  will  come  down  again,  but  the 
- universal  fire  will  take  hold  of  and  abforb  it  all. 

' * ' - 7 » * % 

That  this  fire  fubfifts  both  in  air,  -earth,  and  water : 
that  it  is  diffufed  -through  all  and  every  part  ofthe  uni- 
verfe,  was  fufpeCted  by  many  of  the  ancient  naturalifts, 
and  believed  by  the  great  Sir  Ifaac  Newton.  But  of 
late  years  it  has  been  fully  demonftrated  : particularly 
by  Mr.  Stephen  Gray,  a penfioner  at  the  Clrarter- 
houfe  : who  fome  years  firice  preferred  to  the  Roydl 
Society,  an  account  of  many  experiments  he  had  made, 
wherfeby  this  fubtle  fluid  became  clearly  perceptible 
both  to  the  fight  and  feeling.  Becaufe  the  glafs  tube,' 
by  means  of  which  thofe  experiments  weremade,  was 
obferved  when  rubbed  to  attraCt  ftraws  and  other  light 
bodies  (a  known  property  of  amber,  called  in  Latin 
eleflrufn)  thefe  experiments  were  termed  electrical; 
a word  which  was  foon  affixed  to  that  fubtle  fluid  it- 
felf,  and  every  thing  pertaining  to  it.  But  improperly 
enough  : feeing  the  attracting  (or  feeming  to  attraff) 
ftraws  and  feathers,  is  one  of  the  moft  inconfiderable 
of  all  the  effects,  wrought  by  this  powerful  and  univer- 
fal  caufe. 

It  was  afterwards  found,  that  a glafs  globe  was  pre- 
ferable to  a glafs  tube.  A greater  quantity  of  ethd- 
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^eal  fire  is  collected  by  this  means,  than  by  the  other- 
J fay,  colleaed  ; for  that  fire  is  no  more  created  by 
-rubbing,  than  water  is  by  pumping.  The  grand  re- 
fervoir  thereof  is  the  earth,  from  which  it  is  diffuled 
every  way.  .Accordingly  m thefe  experiments,  the 
globe  rubbing  againft.  the  cufhion,  colleas  fire  from  it. 
The  cufliion  receives  it  from  the  frame  of  the  machine  ; 
the  frame  of  the  machine  from  the  floor.  But  if  you 
cut  off  the  communication  with  the  floor,  far  lefs  fire 
can  be  produced,  becaufe  lefs  is  colleaed. 

Many  new  difcoveries  have  been  made  by  means  of 
-a  large,  but  thin  glafs  phial.  This  phial  is  hung  on 
any  metallic  body,  which  communicates  by  h wire, 
'with  the  globe.  This  metallic  body  has  been  termed 
the  prime  conduaor,  as  it  conduas  or  conveys,  the  fire, 
colleaed  by  the  globe,  either  into  the  phial,  or  into 
any  other  body  communicating  therewith. 

But  all  bodies  are  not  capable  of  receiving  it.  There 
!s  in  this  refpea  an  amazing  difference  between  them. 
The  excrements  of  nature,  as  wax,  lillc,  hair,  will 
not  receive  the  ethereal  fire,  neither  convey  it  to  other 
bodies  : fo  that,  whenever  in  circulating  it  comes  to 
any  of  thefe,  it  is  at  a full  flop.  Air  itfelf  is  a body  of 
this  kind ; with  great  difficulty  either  receiving  or  con- 
veying this  fire  to  other  bodies:  fo  are  pitch  and  rofin 
/excrements,  as  it  were,  of  trees. ^ To  thefe  we  may 
add  glafs,  amber,  brimftone,  dry  earth,  and  a few 
other  bodies.  Thefe  have  been  frequently  ftiled  elec- 
trics per  fe  ; as  if  they  alone  contained  the  eleftric  fire  : 
an  eminently  improper  title,  founded  on  a palpable 
xniftake.  From  the  fame  miftake,  all  other  bodies, 
which  eafily  receive  and  readily  convey  it,  were  term- 
ed non-eleflrics  ; bn  a fuppofition,  that  they  contained 
no  ele&ric  fire  : the  contrary  of  which  is  now  allowed 

^by  all. 

/* 

That  this  fire  is  inconceivably  fubtle,  appears  from 
its  permeating  even  in  the  denfeft  metals,  and  that  with 
fuch  eafe,  as  to  receive  no  perceptible  refiftance.  If 
any  one  doubt,  whether  it  pafs,  through  the  fubftance, 
er  only  along  the  furface  of  bodies,  a ftrong  (hock  ta- 
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ken  through  his  own  body,  will  prevent  his  doubtmgf 
any  longer.  It  differs  from  all  other  matter  in  this, 
that  the  particles  of  it  repel,  not  attratt  each  other. 
And  hence  is  the  manifeft  divergency  in  a ftream  of 
eie&rical  effluvia.  But  though  the  particles  of  it  repel 
each  other,  yet  are  they  attradled  by  all  other  matter.  • 
And  from  thefe  three,  the  extreme  fubtlety  of  this  fire, 
the  mutual  repulfion  of  its  parts,  and  the  ftrong  attrac-  * 
tion  of  them  by  other  matter,  arifes  this  effeft,  that  if 
any  quantity  of  eledtric  fire  be  applied  to  a mafs  of  com- 
mon matter  of  any  bignefs  or  length,  (which  has  not 
already  got  its  quantity)  it  is  immediately  diffufeci 
through  the  whole. 

It  feems  this  globe  of  earth  and  water,  with  its  plants, 
animals,  buildings,  have,  diffufed  through  their  whole 
fubftance,  juft  as  much  of  this  fire  as  they  will  contain* 
And  this  we  may  term  their  natural  quantity.  This 
is  not  the  fame  in  all  kinds  of  matter  : neither  in  the 
fame  kind  of  matter,  in  all  circumftances.  A folid 
foot  of  one  kind  of  matter  (as  glafs)  contains  more  of 
it  than  a folid  foot  of  another  kind.  And  a pouncf 
weight  of  the  fam*  kind  of  matter,  when  rarefied,  con- 
tains more  than  it  did  before- 

We  know  that  this  fire  is  in  common  matter,  becaufe 
we  can  pump  it  out  by  the  globe  : we  know  that  com- 
mon matter  has  near  as  much  of  it  as  it  can  contain, 
becaufe  if  we  add  a little  more  to  any  portion  of  it, 
the  additional  quantity  does  not  enter,  but  forms  a kind 
of  atmofphere  round  it.  On  the  other  hand  we  know,  ; 
that  common  matter  lias  not  more  of  it  than  it  can 
contain.  Otherwife  all  loofe  portions  of  it  would  repel 
each  other  ; as  they  conftantly  do,  when  they  have 
fuch  atmofpheres.  Had  the  earth,  for  inftance,  as 
much  eledtric  fire  in  proportion,  as  we  can  give  to  a 
globe  of  iron  or  wood,  the  particles  of  dull  and  other 
light  matter  would  not  only  repel  each  other,  but  be 
continually  repelled  from  the  earth.  Hence  the  air, 
being  conftantly  loaded  therewith  would  be  unfit  for  : 
refpiration.  Here  we  fee  another  occafion  to  adore 
that  wifdom,  which  has  made  all  things  by  weight  and 
meafure.  . * ' , , j 
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The  form  of  every  eledtric  atmofphere,  is  that  of  the 
hody  which  it  furrounds  : becaufe  it  is  attracted  by  eve- 
ry part  of  the  furface,  though  it  cannot  enter  the  fub-  | 

fiance  already  replete.  Without  this  attraction,  it 
would  not  remain  round  the  body,  but  dilfipate  into 
the  air. 

The  atmofphere  of  an  electrified  fphere,  is  not  more 
equally  drawn  off  from  any  one  part  of  it  than  from 
another,  becaufe  it  is  eafily  attracted  by  every  part. 

But  it  is  not  fo  with  bodies  of  other  figures.  From  a 
- cube  it  is  more  eafily  drawn  off  at  the  corners  than  at 
the  fides  : and  fo  from  the  corners  of  bodies  of  any 
other  form,  and  molt  eafily  from  the  lharpeft  corners. 

For  the  force  with  which  an  electrified  body  retains  its 
atmofphere,  is  proportioned  to  the  furface  on  which 
that  atmofphere  refts.  So  a furface  four  inches  fquare 
retains  its  atmofphere,  with  fixteen  times  the  force  that 
ene  of  an  inch  fquare  does.  And  as  in  pulling  the-- 
hairs  from  a horfe’s  tail,  a force  infufficient  to  pull  off 
a handful  at  once,  could  eafily  pull  it  off  hair  by  hair 
fd  though  a blunt  body  cannot  draw  off  all  the  atmof- 
phere at  once,  a pointed  one  can  eafily  draw  it  off,  par- 
ticle by  particle.  . 

While  the  eleCtric  fire,  which  is  in  all  bodies,  is  left 
to  itfelf,  undifturbed  by  any  external  violence,  it  is 
more  or  lefs  denfe,  according  to  the  nature  of  the  bo- 
dy which  it  is  in.  In  denfe  bodies  it  is  more  rare  : in* 
rare  bodies  it  is  more  denfe.  Accordingly  every  body 
contains  fuch  a quantity  of  it,  rare,  or  denfe,  as  is  fuit- 
a’ple  to  its  nature.  And  there  is  fome  refiftance  to 
every  endeavour  of  altering  its  denfity,  in  the  whole  of 
any  body,  or  in  any  part  of  it.  For  all  bodies  refill . 
either  the  increafe  or  diminution  of  their  natural  quan- 
tity. And  on  the  other  hand,  when  it  has  been  either 
' increafed  or  diminilhed,  there  is  a refiftance  to  its  re-  * 
turn  tQ  its  natural  ftate. . 

With  regard  to  the  different  refiftance  made  byvdif-. 
ferent  bodies,  in  either  of  thefe  cafes,  it  is  an  invaria- . 
ble  rule,  that  glafs,  wax,  rofin,  brimftone,  filk,  hair, . 
and  fuch  like  bodies,  refill  the  moll and  next  to 
thefe,  the  air,  provided  it  be  dry,  and  in  a fufficient  - 
quantity.  That  this  refiftance  is  leaft  in  metals,  mi- 
nerals. 
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nerals,  water,  animals,  and  vegetables,  which  we  may 
rank  together,  became  the  difference  in  their  refiftance 
is  very  inconfiderable  : and  that  in  thefe  bodies  the  re- 
fiftance is  greater,  when  their  furfaces  are  polilhed,  and 
extended  in  length,  than  when  their  furfaces*are  rough' 
and  Ihort,  or  end  in  lharp  points. 

When  a body  has  more  ele&ric  fire  forced  into  it, 
than  it  has  naturally,  it  is  faid  to  be  electrified  pofitive- 
ly.  When  part  of  the  natural  quantity  is  taken  away, 
it  is  faid  to  be  electrified  negatively.  Now  when  an 
iron  bar  is  negatively  electrified,  the  fire  drawn  out 
does  not  go  in  again  as  foon  as  the  experiment  is  over, 
but  forms  an  atmoipherC  round  it,  becaufe  of  the  refin- 
ance it  finds  in  its  endeavour  to  dilate  itfelf,  either  in-, 
to  the  air,  or  into  the  bar.  And  when  it  is  electrified’ 
pofitively,  the  fame  kind  of  atmofphere  is  formed,  by 
the  fire  accumulated  upon  it.  Whether  therefore  bo- 
dies are  electrified  negatively  or  pofitively,  and  . re- 
train fo  when  the  experiment  is  over,  there  are  fimiiar 
atmofpheres  furrounding  them,  which  will  produce  fi- 
tpilar  effects. 

But  we  can  eleCtrify  no  body  beyond  a certain  de- 
gree ; becaufe  when  any  is  electrified  to  that  point,  Jt 
has  an  atmofphere  round  it,  fufficiently  ftrong  to  ba- 
lance any  power  that  endeavours  to  eleCtrify  it  far- 
ther. 

And  in  the  ordinary  courfe  of  nature,  this  fubtle, 
active  fluid,  which  not  only  furrounds  every  grofs 
body,  but  every  component  particle  of  each,  where  it 
is  not  in  abfolute  contact  with  its  neighbouring  parti-  . 
cle,  cam  never  be  idle,  but  is  ever  in  aCtion,  though 
that  aCtion  be  imperceptible  to  our  fenfes.  It  is  ever 
varying  its  condition,  though  imperceptibly,  in  all  parts 
of  all  bodies  whatever  ; and  electrifying  them  more  of 
lefs,  though  not  fo  forcibly  as  to  givefenfible  figns  of 
it.  All  bodies  then,  and  all  their  component  particles, 
when  in  their  natural  fituation,  have  round  their  fur- 
faces,  where  they  are  not  in  abfolute  contact  with  other 
furfaces,  an  imperceptible  atmofphere,  fufficient  to  ba- 
lance  the  fmaller  force  with  which  they  are  attacked  s 
every  way  fimiiar  to  the  perceptible  atmofphere  of  bo- 

dies 
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dies  forcibly  electrified.  In  thefe  imperceptible  atmof* 
pheres  is  placed  the  power  which  refills  their  being 
electrified  to  an  higher  degree  than  they  are  naturally. 
And  this  power  lies  in  the  elatticity  of  the  fubtle  fluid, 
every  where  difperfed  both  round  all  bodies  and  in 
them.  ; 


Glafs  is  very  difficultly  electrified,  which  feems  to 
prove  it  has  a very  denfe  eleCtric  atmofphere.  Metals 
are  eafily  electrified.  Confequently  they  have  rare,  and 
therefore  vreakly  refilling  atmofpheres*.  But  as  heat 
rarefies  all  bodies,  fo  if  glafs  be  heated  to  a certain  de- 
gree, even  below  melting  it  will  give  as  free  a paflage 
to  the  eleCtric  fire,  as  brafs  or  iron  does  : the  atmof- 
phere round  it  being  then  rendered  as  rare  as  that  of 
metals.  Nay,  when  melted,  it  makes  no  more  refin- 
ance than  water.  But  its  refi fiance  increases,  as  it 
cools.  And  when  it  is  quite  cold,  it  refills  as  forcibly 
as  ever.  Smoothly-polifhed  w'ax,  refills  as  much  as 
glafs.  But  even  the  fmall  heat  raifed  by  rubbing,  will 
render  its  atmofphere  as  rare  as  that  of  metals,  and  fo 
entirely  dellroy  its  refi  fiance.  The  fame  is  true  of  ro- 
fm  and  brimltone.  Even  the  heat  arifing  from  friCli- 
on,  deftroys  the  refinance  which  they  naturally  make 
to  being  electrified  : a llrong  proof,  that  the  refinance 
of  all  bodies  thereto,  is  exerted  at  their  furfaces,  and 
caufed  by  an  eledric  atmofphere  of  different  denlities, 
accordirig  to  their  different  circumnances. 


Mon  experiments  will  fucceed  as  well  with  a globe 
of  brim  rtone,  as  with  one  of  glafs.  Yet  there  is  a con- 
liderable  difference  in  their  nature.  What  glafs  repels, 
brimnone  (as  alfo  rofin)  attracts.  Rubbed  glafs  emits 
the  eleChic  fire  : rubbed  brimfione,  rofin  and  wax  re- 
ceive it.  Hence  if  a glafs  globe  be  turned  at  one  end 
t>f  a prime  conductor,  and  a brimfione  one  at  . the  other, 
not  a fpark  of  fire  can  be  obtained  ; one  receiving  it  in, 
as  fafi  as  it  is  given  out  by  the  other.  Hence  al£b  if  a 
phial  be  fufpended'  on  the  prime  conductor,  with  a 
chain  from  its  coating  to  the  table,  and  only  one  globe 
turned,  it  will  be  electrified  (or  charged  as  they  term 
it)  by  twenty  turns  of  the  wheel  : after  which  it  may 
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be  di  (charged,  that  is  uneleftrified,  by  twenty  turns  of  > 

the  other  wheel.  ' : , * 

• - . « 

The  difference  between  non  eleCtrics  (vulgarly  fpeak-  ; 
ing)  and  electrics  per  fe,  is  chiefly  this.  L A non  elec- 
tric eafily  fuffers  a change,  in  the  quantity  of  fire  it 
contains.  Its  whole  quantity  may  be  leffened,  by  draw- 
ing out  a part,  which  it  will  afterwards  refume..  But* 
you  can  only  leffen  the  quantity  contained  in  one  of  the  , 
furfaces  of  am  eleCtric  : and  not  that,  but  by  adding 
at  the  fame  time  an  equal  quantity  to  the  other  fur- 
face^  S9  that  the  whole  glafs  will  always  have  the 
fame  quantity  in  its  two  furfaces.  - And  even  this  can 
be  only  done  in  glafs  that  is  thin  : beyond  a certain  y 
thicknefs,  we  know  no  power  that  can  make  this 
change.  2.  The  ethereal  fire  freely  moves  from  place 
to  place,  fti  and  through  the  fubftance  of  a non-eieCtric, 
but  through  the  fubftance  of  an  eleCtric  it  will  by  no 
means  pafs.  It  freely  enters  an  iron  rod,  and  moves 
from  one  end  to  another,  where  the  overplus  is  dif*- 
charged.  But  it  will  not  enter,  or  move  through  a; 
glafs  ri)d.  Neither  will  the  thinneft  glafs  which  can' 
be  made,  fuffer  any  particle  of  it  entering  one  of  its 
furfaces,  to  pafs  through  to  the  other* 

- " i 1 .. 

Indeed  it  is  only  metals  and  liquids,  that  perfectly 
conduCt  (or  tranfmit  this  fire.  Other  bodies  feem  to 
conduCt  it,  only  fo  far  as  they  contain  a mixture  of 
thefe  ^accordingly,  moift  air  will  conduft  it  in  propor- 
tion to  its  moiftnels.  But  dry  air  will  not  conduit  it 
at  all : on  the  contrary,  it  is  the  main  inftrument,  in* ; 
confining  any  eleCtric  atmofphere  to  the  body  which  it 
furrounds.  Dry  air  prevents  it  diflipating  (which  it 
does  prefently  when  in  vacuo)  or  palling  from  body  to 
Body.  A clear  bottle  full  of  air,  intiead  of  water* 
cannot  be  electrified.  But  exhaufted  of  air,  it  is  electri- 
fied as  effectually  as  if  it  was  full  ©f  water. ' Yet  an 
eleCtrical  atmofphere  and  air,  do  not  exclude  one  ano- 
ther. For  we  breathe  in  it  freely,  and  dry  air  will 

blow  through  it,  without  altering  it  at  all- 

• • 

When  a glafs  phial  is  electrified,  whatever  quantity 
of  fire  is  accumulated  on  the  inner  furface,  an  equal 
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quantity  rs  taken  from  the  outer.  Suppofe,  before  ±heJ 
operation  begins,  the  quantity  of  fire  contained  in  each 
furface,  is  equal  to  twenty  grains  : fuppofe  at  every 
turn  of  the  globe,  one  grain  is  thrown  in  : then  after 
the  firft  ftroke  there  are  twenty-one  within,  nineteen 
only  without : after  the  fecond,  the  inner  furface  will 
have  twenty-two,  the  outer  but  eighteen : and  fo  on, 
till  after  twenty  ftrokes,  the  inner  will  have  forty,  the 
cmtgrnone.  And  the  operation  ends : for  no  power 
or  art  of  man  can  throw  any  more  on  the  inner  fur- 
face, when  no  more  can  be  taken  from  the  outer.  If  ^ 

you  attempt  to  throw  more  in,  it  is  thrown  back  through 
the  wire,  or  flies  out  in  cracks,  through  the  fides  of 
the  phial.  The  equilibrium  cannot  be  reftored  in  this 
phial,  but  by  a communication  formed  between  the 
inner  and  outer  furface,  by  fomething  external,  touch- 
ing both  the  outer,  and  the  wire,  which  communicates 
with  the  inner  furface.  If  you  touch  thefe  by  turns, 
it  is  reftored  by  degrees  : if  both  at  once,  it  is  reftored 
inftantly.  But  then  there  is  a fhock  occafioned  by  the 
fudden  pafllng  of  the  fire  through  the  body,  in  its  way 
from  the  inner  to  the  outer  furface.  rFor  it  moves  from 
the  wire  to  the  finger,  (not  from  the  finger  to  the  wire, 
as  is  commonly  fuppofed.)  Thence  it  pafles  through . 
the  body  to  the  other  hand,  and  fo  to  the  outer  fur- 
face. 

The  force  with  which  this  fhock  may  be  given,  is~ 
far  greater  than  one  would  conceive.  It  will  kill  rats, 
hens,  or  even  turkeys  in  a moment : others  that  are  not 
quite  killed,  it  ftrikes  blind.  It  will  give  polarity  to  a 
fine  needle,  making  it  point  north  and  fouth,  as  if 
touched  by  a loadftone.  It  will  invert  the  polarity  of 
. a compafs,  and  make  the  north  point  turn  to  the  fouth. 

At  the  fame  time  the  ends  of  the  needles  are  finely 
blued,  like  the  fpring  of  a watch.  It  will  melt  off  the 
heads  and  points  of  pins  and  needles,  and  fometimes 
the  whole  furface  of  the  needle  is  run,  and  appears* 
as  it  were,  bliftered,  when  examined  by  a magnifying 
glafs.  It  will  melt  thin  gold  or  filver,  when  held  tight 
between  two  panes  of  glafs,  together  with  the  furiace 
©f  the  glafs  itfelf,  and  incorporate  them  in  a fine  ena. 
mel.  Yea,  a ftrong  fpark  from  an  eleftrified  phial 
makes  a fair  hole  thrpugh  <t  <piij'e  of  paper  doubled : 

- ;;  which 
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which  is  thought  good  armour  againft  the  pufli  of  a 
fword,  or  even  a piftol  bullet.  And  it  is  amazing  to 
obferve  in  how  {mail  a portion  of  glafs,  a great  electri- 
cal force  may  be.  A thin  glafs  babble,  about  an  inch 
diameter,  being  half  filled  with  water,  partly  gilt  on  the 
outfide,  when  electrified  gives  as  ftrong  a fhocfc,  as  a 
man  can  well  bear  : allowing  then  that  it  contains  no 
more  fire  after  charging  than  before,  how  much  fire 
mull  there  be  in  the  fmall  glafs  ? It  feems  to  be  a part 
of  its  very  fubftance.  Perhaps  if  that  fire  could  be 

► feparated  from  it,  it  would  be  no  longer  glafs.  It 
might  in  lofing  this,  lofe  its  moll  effential  property, 

its  tranfparency,  brittlenefsr  and  elafticity. 

> \ 

„ ? - , ■ ' ..  • ^ 

Some  have  not  improbably  fuppofed,  that  all  eleClric 

bodies,  fo  called,  are  by  their  original  conftitution, 
thoroughly  faturated  with  eleClric  fire  : that  it  remains 
fixed  in  them,  (unlefs  while  the  texture  of  thofe  bo- 
dies is  quite  altered  by  liquefaction)  that  fire  fixed  in  a 
body  conftitutes  an  eleClric,  and  all  bodies  where  it  is 
not  fixed  are  non  eieCtrics.  Agreeably  to  which  they 
fuppofe,  that  in  all  non  eieCtrics,  the  original  fire 
loofely  inhering,  is  eafily  driven  on  by  the  new  collected 
fire,  which  then  poffefles  its  place : but  that  in  eieCtrics, 
the  original  fire  being  impacted  into  their  fubftance, 

> and  therefore  more  firmly  inhering,  will  not  give  way 
to,  or  be  driven  on  by,  the  new  collected  fire.  Su<£i 
is  air  in  particular;  with  the  particles  qf  which  the 
original  fire  is  clqfely  incorporated.  Dry  air  feems 
to  be  fo  fully  faturated  with  it,  that  it  isfcarce  capable 
of  receiving  any  more:  whereas  all  new-colle&ed  fire 

| is  continually  endeavouring  to  return  into  the  e^ith. 

' Let  wires  be  electrified  ever  fo  ftrongly,  yet  the  mo- 

ment any  part  of  them  is  touched  by  a perfon  ftand- 
ing  on  the  floor,  they  are  electrified  no  longer ; all  the 
fire  efcaping  through  him  into  the  earth.  • _ 

Upon  the  principles  pf  .electricity,  we  may  give  ja, 
more  rational  account  qf  many  appearances  in  nature, 
than  has  yet  been  done : of  thunder  and  lightning  ip 

I * particular.  In  order  to  which  we  may  obferve,  all  elec- 

trified bodies  retain  the  ^re,  thrown  into  them,  till  fonje 
non-ele&ric  approaches : to  .which  .it  is  then  commu- 
nicated 
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liicated  with  a fnap,  and  becomes  equally  divided. 
EleCtric  fire  is  ftrongly  attracted  by  water,  and  readily 
mixes  with  it.  And  water  being  electrified,  the  va- 
pours arifingfrom  it,  are  equally  electrified.  As  thefe 
float  in  the  air,  they  retain  the  additional  fire,  till  they 
meet  with  clouds,  not  fo  much  electrified.  Then  they 
communicate  it  with  a fhock. 

The  ocean  is  compounded  of  water  and  fait ; one 
an  eleCtric  the  other  not.  When  there  is  a friction 
among  the  parts  near  its  furface,  the  fire  is  collected 
from  the  parts  below.  It  is  then  plainly  vifible  in  the 
night,  at  the  ftern  of  every  failing  veflel.  It  appears 
from  every  dafh  of  an  oar : in  ftqrms  the  whole  fea 
feems  on  fire.  The  particles  of  water  then  repelled 
from  the  electrified  furface,  continually  carry  off  the 
fire  as  it  is  collected.  They  fife  and  form  clouds  which 
are  highly  electrified;  and  retain  the  fire,  till  they  have 
an  opportunity  of  difeharging  it. 

Particles  of  water  rifing  in  vapours,  attach  them- 
felves  to  particles  of  air.  One  particle  of  air  may  be 
furrounded  by  twelve  particles  of  water  as  large  as  it- 
felf,  all  touching  it,  and  by  more  added  to  them.  Par- 
ticles of  air  thus  loaded  would  be  drawn  nearer  toge- 
ther by  the  mutual  attraction  of  the  particles  of  water, 
did  not  the  fire,  common  or  eleCtric,  included  therein, 
aflift  their  mutual  repulfion.  Kence  they  continue  fuf- 
pended.  But  if  air  thus  loaded,  be  compreffed  by  ad- 
verfe  winds,  or  by  being  driven  againft  mountains,  or 
if  it  be  condenfed  by  the  lofs  of  its  fire,  it  will  conti- 
nue fufpended  no  longer,  but  will  descend  in  dew.  And 
if  the  water  furrounding  one  particle  of  air  comes  into 
contaCt  with  that  furrounding  another,  they  naturally 
coalefce  into  a drop,  and  fo  defeend  in  rain. 

The  Sun  fupplies  common  fire  to  all  vapours  rifing 
cither  from  fea  or  land.  . Vapours  having  both  this  and 
eleCtric  fire,  are  better  fupported  than  thofe  which  have 
this  only.  For  when  vapours  rife  into  the  coldeft  re- 
gion, the  common  fire  may  fail.  But  the  cold  will 
not  diminilh  the  eleCtric : this  is  always  the  fame. 
Hence  clouds  railed  from  frefh  waters;  from  moift 

' ' f , earth, 
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«arth,  or  growing  vegetables,  more  eafily  defcend  and 
depoiit  their  waters,  as  having  but  little  eledric  fire, 
as  to  keep  the  particles  feparate  from  each  other.  So 
that  the  greateft  part  of  the  water  railed  from  the  land, 
falls  on  the  land  again.  But  clouds  raifed  from  the 
•fea,  having  both  fires,  and  much  of  the  eledric,  fup- 
port  their  water  far  more  ftrongly,  and  being  affifted 
by  winds,  may  bring  it  from  the  middle  of  the  wideft 
ocean  to  the  middle  of  the  broadeft  continent.  And 
yet  a way  is;  provided  whereby  thefe  alfo  are  readily  - 
brought  to  depoiit  their  water.  For  whenever  they 
are  driven  againft:  mountains  by  the  winds,  thofe  moun- 
tains take  away  their  eledric  fire ; and,  being  cold, 
the  common  alfo : hence  the  particles  immediately 
dole.  If  the  air  is  not  much  loaded,  the  water  falls 
in  a dew  on  the  top  and  the  fides  of  the  mountain.  If 
it  is,  the  electric  fire  being  taken  at  once  from  the  whole 
doud,  it  flaihes  brightly,  and  cracks  loudly.  And 
.the  particles  inftantly  coalefcing  for  want  of  that  fire, 
fall  in  a heavy  Ihower* 

When  a ridge  of  mountains  flops  the  clouds,  and 
draws  the  eledric  fire  from  the  cloud  firft:  approaching 
it ; the  next,  when  it  comes  near  the  firft,  now  de- 
prived of  its  fire,  flafhes  into  it,  and  depofits  its  own 
water.  The  third  cloud  approaching,  and  all  that  fuc- 
ceed,  ad  in  the  fame  manner,  as  far  back  as  they  ex- 
tend, which  may  be  for  feveral  hundred  miles.  Hence 
the  continual  ftorms  of  thunder,  lightning,  and  rain, 
on  the  eaft  lide  of  thofe  vaft  mountains,  the  Andes, 
which,  running  north  and  fouth,  intercept  all  the  clouds 
brought  againft  them  from  the  Atlantic  ocean.  In  a 
plain  country,  there  are  other  means  to  make  them 
drop  their  water.  For  if  an  eledrified  cloud,  coming 
from  the  fea,  meets  in  the  air  a cloud  coming  from 
the  land,  and  therefore  not  eledrified,  the  firft  will 
give  its  flafh  into  the  latter,  and  thereby  both  will  be 
' made  to  depofit  their  water.  The  concuffion  of  the 
air  contributes  alfo  to  fhake  down  the  w’ater,  not  only 
from  thofe  two  clouds,  but  from  others  near  them. 
When  the  fea  and  land  clouds  would  pafs  at  too  great 
a dillance  from  each  other,  they  are  mutually  attraded, 
till  within  the  diftance.  For  the  fphere  of  eledrical 

# attradion 
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^ttradlion  Is  far  beyond  the  flafhing  diftance.  And  yet 
trfiere  a cloud  contains  much  fire,  it  may  ftrike  at  a 
confiderable  diftance.  When  a conductor  has  but  lit- 
tle fire  in  it,  you  mu  ft  approach  very  near  before  you 
can  draw  a fpark.  Throw  into  it  a greater  quantity 
of  fire,  and  it  will  give  a fpark  at  a greater  diftance. 
But  if  a gun  barrel,  when  eledtrified,  will  ftrike  and 
make  a noife  at  the  diftance  of  an  inch,  at  what  a dif- 
tance, and  with  how  great  a noife,  may  ten  thoufand 
acres  of  eledtrified  cloud  ftrike  ? No  wonder  that  this 
ihould  melt  metals,  (which  our  artificial  flafh  does  in 
jfome  degree,)  though  perhaps  not  fo  properly  by  its 
heat,  as  by  infinuating  into  the  pores,  and  creating  a 
violent  repulfion  between  the  particles  of  the  metal  it 
partes  through.  This  overcomes  the  attradtion  where- 
by they  cohere,  and  fo  melts  the  metallic  body.  And 
this  accounts  for  its  melting  a fword  in  the  fcabbard,  or 
gold  in  the  pocket,  without  burning  either. 

But  thunder-clouds  do  not  always  contain  more  than 
their  natural  quantity  of  eledtric  fire.  Very  frequently 
they  contain  lefs.  And  when  this  is  the  cafe,  when  they 
are  negatively  eledtrified,  although  the  effedts  and  ap- 
pearances are  nearly  the  fame,  yet  the  manner  of  ope- 
ration is  different.  For  in  this  cafe,  it  is  really  the  fire, 
from  the  mountains,  or  other  parts  of  the  earth,  which 
ftrikes  into  the  cloud  ; and  not  as  we  imagine,  fire  from 
the  cloud  which  ftrikes  into  the  earth,  i And  we  may 
•eafily  conceive,  how  a cloud  may  be  negatively  eledtri- 
fied. When  a portion  of  water  is  rarefied  into  a thin 
vapour,  the  fire  it  contains  is  rarefied  too.  Confe- 
quently  it  has  then  lefs  than  its  natural  quantity  of  fire. 
•Such  a cloud  therefore  coming  within  a due  diftance  qf 
the  earth,  will  receive  from  it  a flafh  of  eledtric  fire  $ 
which  flafh,- to  fupply  a great  extent  of  cloud,  muji 
often  contain  a great  quantity  of  fire.  Such  a cloud 
alfo  paffing  over  woods  of  tall  trees,  may  filently  re- 
ceive fome  fupply,  either  from  the  points  of  the  boughs, 
or  from  the  fharpeft  ends  and  edges  of  the  leaves. 
The  cloud  thus  fupplied,  flafhes  into  other  clouds  that 
■have  not  been  fo  fupplied;  and  thofe  into  others,  till 
an  equilibrium  is  produced,  among  all  that  are  within 
a ftriking  diftance  of  each  other.  And  hence  are  re- 
. peated  ftrokes  and  flafhes,  till  they  defend  in  Ihowers 
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to  the  earth,  their  ^original.  ' Rain,  efpecially  when  in- 
large  drops,  generally  brings  down  the  ele&ric  fire ; 
falling  fnow,  often : fummer  hail,  always,  though  fi- 
lently.  Confequently  any  of  thefe  may  prevent  thun. 
der  and  lightning  ; or,  at  lead  abate  its  violence.  Rain 
is  helpful  in  another  refpeft  likewife.  By  wetting  men 
or  beads,- it  faves  many  lives.  For  if  your  , clothes 
are  thoroughly  wet,  and  a fla(h  of  lightning  drikes  the 
top  of  your  head,  it  will  run  in  the  water  over  the  fur- 
face  of  your-  body  into  the  ground : whereas  if  your 
clothes  were  not  wet,  it  would  go  through  your  body. 
Hence  a wet  chicken  cannot  be  killed  by  a droke  from 
the  phial:  whereas  a dry  one  is  killed  in  an  indant.  See 
here  alfo  the  wifdom  and  goodnefs  of  Him,  “ who  fend- 
, eth  forth  lightning  with  the  rain!”  It  fhould  likewife 
be  obferved,  that  wherever  eledtrified  clouds  pafs,  fpires, 
towers,  chimnies,  and  high  trees,  as  fo  many  points 
draw  the  eledtric  fire,  and  . the  whole  cloud  frequently 
difcharges  there.  Therefore  it  is  highly  dangerous  in 
fuch  a dorm,  to  take  Ihelter  under  a tree. 

Common  fire  is  more  or  lefsf  in  all  bodies,  as  well  as 
eledlrical.  If  there  be  a fufficient  quantity  of  either 
in  any  body,  it  is  inflamed.  But  when  the  quantity 
of  common  fire  therein  is  fmall,  there  needs  more 
eledlric  fire  to  enflame  it.  Where  the  quantity  of  com- 
mon fire  is  greater,  lefs  of  the  electric  will  fuffice.  So 
if  fpirits  are  heated,  a fmall  fpark  inflames  them.  If 
they  are  not,  the  fpark  mud  be  greater.  Sulphureous 
vapours,  whether  rifing  from  the  earth,  or  from  dacks 
of  moid  hay  or  corn,  or  any  other  heated  and  reek- 
ing vegetable,  contain  abundance  of  common  fire. 
A fmall  addition  of  electric  then  will  enflame  them. 
Therefore  they  are  eafily  kindled  by  lightning. 

Any  who  would  be  clearly  convinced  of  the  nature 
of  lightning,  may  make  -the  following  experiment. 
Make  a fmall  crofs  of  two  thin  drips  of  wood,  the 
arms  being  jud  fo  long  as  to  reach  the  four  corners  of 
a large,  thin  filk  handkerchief  when  extended.  Tie 
the  corners  of  this  to  the  extremities  of  the  crofs ; and ' 
fo  you  have  the  body  of  a kite  : add  to  this  a proper 
tail,  loop,  and  dring,  and  it  will  rife  in  the  air  like  one 
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made  with  paper:  but  this  is.  fitter  to  bear  the  wind 
and  wet  in  a ftorm  without  tearing.  To  the  top  of  the  - 
crofs  fix  a fliarp-pointed  wire,  rifing  a foot  above  it. 
Tie  a filk  ribbon  to  the  end  of  the  twine  next  the  hand : 
and  where  the  filkand  twin§  join,  faften  a key.  Raife 
this  kite  when  a thunder-ftorm  is  coming  on.  But  he 
that  holds  the  firing,  muft  ftand  in  a porch,  or  under 
fome  other  covering,  that  the  ribbon  may  not  be  wet. 
He  muft  likewife  take  particular  care,  that  the  twTine 
do  not  touch  the  top  or  fide  of  the  porch.  As  foon  as 
the  thunder-cloud  comes  over  the  kite,  the  pointed  wire 
draws  the  ele&ric  fire  from  it.  The  kite  and  all  the 
twine  are  then  eledlrified,  as  plainly  appears  by  this, 
that  the  loofe  filaments  of  the  twine  ftand  out  every 
way,  and  are  attracted  by  an  approaching  finger.  And 
when  the  kite  and  twine  being  wet,  conduft  the  fire 
freely,  it  will  ftream  from  the  key,  on  the  approach  of 
the  knuckle.  By  this  key  the  phial  may  be  charged, 
and  all  other  experiments  made,  as  by  the  globe.  And 
this  is  a uemonftration,  that  the  electric  fire  thereby 
obtained,  is  the  very  fame  with  that  of  lightning. 

Another  proof  of  this  we  have,  in  the  remarkable 
cafe  of  the  Rev.  Mr.  Winder,  re<5tor  of  Halftead  in- 
Eftex  : who  at  the  age  of  54  was  a ftranger  to  difeafe : 
nay,  almoft  unacquainted  with  pain  of  any  kind.  But 
on  June  3,  1761,  he  began  to  falter  in  his  fpeech. 
He  did  not  regard  it,  till  on  July  1,  he  fuddenly  fell 
from  his  chair,  by  a ftroke  of  the  palfy.  When  a lit- 
tle recovered,  he  was  almoft  wholly  deprived  of 
fpeech,  and  in  a great  meafure  of  his  fenfes.  But  by 
proper  medicines  he  was  in  a few  weeks  fo  far  reftored, 
as  to  walk  a little  by  the  help  of  a cane.  In  other  re- 
fpecis  he  was  as  before,  till  in  June  1762,  lie  was  re-- 
moved  to  Tunbridge.  After  drinking  the  waters  fix 
weeks,  he  was  much  relieved ; but  an  univerfal  weak- 
nefs  ftill  remained.  He  had  alfo  violent  palpitations  of 
the  heart,  trembling  of  the  limbs,  fubfultutendinum ; 
with  frequent  vertigos.  Worfe  than  all  was,  a con- 
ftant  pain  fixed  deep  in  his  breaft,  with  an  extreme  de- 
jection of  fpirit.  , Thus  he  continued  till  the  24th  of 
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Auguft : when  about  ten  at  night,  while  he  was. 
afleep  in  bed,  it^began  to  thunder  and  lighten  vio- 
lently. The  noife  fuddenly  awakened  him*  At  the 
inftant  he  felt  a quick,  ftrong  fhock,  affedting  him  all 
over,  juft  like  an  eledtric  fhotk.  At  the  fame  time  the 
chamber  was  filled  with  lightning,  which  left  behind 
it  a ftrong  phofphorous  fmell.  Immediately  he  felt  as 
if  fome  obftrudtion  in  his  cheft  was  fuddenly  removed  : 
and  his  bread  recovered  its  full  liberty  and  expanfion, 
the  oppreflion  being  entirely  gone.  When  he  arofe  in 
the  morning  he  was  in  perfect  health  ; hrs  head  was 
quite  ferene : his  breaft  eafy,  and  he  could  move  all 
his  limbs  with  as  much  fteadinefs  and  agility  as  ever. 
Every  paralytic  fymptom  was  gone.  He  could  have 
walked  ten  or  twelve  miles  with  eafe.  And  from 
that  very  hour  he  has  continued  in  a ftate  of  perfect 
health. 

What  a clear  proof  this,  that  the  fire  of  lightning 
has  the  fame  nature  and  force  with  the  eledtric  ? 
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The  gymnotus,  of  South  America,  appears  to  pof- 
fefs  eledtrrcal  powers  greatly  fuperior  to  thofe  of  the 
european  torpedo.  Some  of  them  have  been  feen  in 
the  Surinam  river  upwards  of  twenty  feet  long,  whofe 
ftroke  was  inftantly  fatal.  That  on  which  the  follow- 
ing experiment  was  made,  was  three  feet  feven  inches 
long,  and  was  brought  from  Guinea  to  Philadelphia. 

On  putting  a fmall  fifti  into  the  veflel  in  which  it 
fwam,  it  was  fuddenly  ft  mined  and  killed  by  it.  The 
effedt  was  evidently  produced  by  a concuflion,  which 
was  felt  by  one  whofe  fingers  were  dipped  in  the  wa- 
ter, at  the  very  moment  the  fifh  was  (hocked  by  it. 
Eight  or  ten  perfons,  forming  a circle,  were  all  (hocked 
by  it,  when  the  firft  in  the  feries  touched  the  eel,  and  the 
laft  put  his  hand  into  the  water.  The  commotion  given 
by  it,  was  conveyed  through  the  fame  metallic  or  other 
conductors,  as  convey  the  eledtric  fluid ; and  was  in- 
tercepted by  the  common  non-condu<5tors  of  that  fluid. 
Whatever  therefore  be  thought  of  the  torpedo,  it  is 
plain  this  eel  is  an  eledtric  machine,  and  has  the  power 
of  fufpending  ,or  giving  the  eledhic  lhock,  juft  at  its 
own  pleafui  e. 
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£le&ricity  has  fcmething  in  it  common,  both  with 
light  and  with  magnetifm.  In  common  with  magnet* 
ifm  it  counterads,  and  in  light  fubftances  overcomes 
th$  force  of  gravity.  Like  that,  it  exerts  its  force  in 
vacuo*  as  powerfully  as  in  the  open  air..  And  this 
force  extends  tp  a ccnftderable  diftance,  through  va- 
rious fubftances  of  different  textures  and  denfities. 

In  common  with  light,  eledricity  pervades  glafs ; 
but  it  fuffers  no  refradion.  Its  diredion  is  flill  in  right 
lines,  and  that  through  glaffes  of  different  forms,  in- 
cluded one  within  the  other.,  and  large  fpaces  between 
them. 

Indeed  the  eledric  attraction  through  glafs,  is  muchr 
more  powerful,  when  the  glafs  is  made  warm : be- 
caufe  warm  glafs  does  not  cond^nfe  the  water  from; 
the  air,  which  malqes  the  glafs  a condudor  of  eledri- 
city  : and  alfo  becaufe  as  heat  enlarges  the  dimenfions; 
of  all  known  bodies,  and  confequcntly  makes  their 
conftituent  parts  recede  from  each  other,  the  eledric 
effluvia  find  a more  eafy  paffage  through  the  pores.^ 
And  eledricity  in  common'  with  light,  when  its 
forces  are  colleded,  produces  fire  and  flame. 

That  the  eledric  matter  is  far  more  fubtle  than  air,- 
ajppears,  from  its  pafling  through  thofe  bodies  which 
air  cannot  penetrate  ; glafsffn  particular.  And  that  it; 
i§  elaftic,  appears  from  its  increafing  the  motion  of 
fluids,  and  from  its  extending  itfelf  to  a confiderable 
diftance  round  excited  bodies. 

Do  not  all  thefe  experiments  (hew,  that  the  eledric 
matter  is  pure  elementary  fire,  an  original  diftind  prin- 
ciple, formed  by  the  Creator  himfelf?  And  not  as 
fame  have  apprehended,  mechanically  producible  from 
other  bodies  ? 

And  may  it  not  be  doubted  whether  this  be  not  the 
only  elaftic  body  in  the  uni verfe  ? Whether  it  be  not 
the  original  fpring,  which  communicate?  elafticity  v to 
all  other  elaftic  bodies  ? To  the  air  in  particular:  whiclj 
is  elaftic  no  longer,  when  detached  from  eledric  fire, 
but  commences  fixed  and  unelaftic  : and  feems  to  re- 
cover its  elafticity,  only  by  recovering  that  ethereal 
fire  which  had  been  violently  feparated  from  it  ? 

Scarce  any  phenomenon  in  nature  has  been  efteemed 
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more,  difficult  to  be  accounted  for,  than  thofe  lumi-_ 
nous  appearances  in  they  fky,  termed  Aurora  Borealis* 
or  northern  lights.  , But  thefe  alfo  may  be  rationally 
explained  upon  the  principles  of  ele&ricity.  We  often 
fee  clouds  at  ‘different  heights,  paffing  different  ways, 
north  and  fouth  at  the  fame  time. ' This  manifeftly 
proves  different  currents  of  air,  one  of  them  under 
the  other.  Now  as  the  air  between  the  tropics  is  rare- 
fied by  the  fun,  it  rifes  : the  denfer  air  is  preifed  into  its 
place.  The  air  fo  raifed  moves  north  and  fouth,  and 
if  it  has  no  opportunity  before,  muft  defcend  in  the 
Ipolar  regions.  When  this  air  with  its  vapours  de* 
fcends  into  contact  with  the  vapours  arifing  there,  the . 
eledtric  fire  which  it  brought  begins  to  be  communicated,, 
and  is  fcen  in  clear  nights  ; being  fir  ft  vifible  where  it 
is  firft  in.  motion,  namely  in  the  mofl  northern  parts. 
But  from  thence  the  ftreams  of  light  feem  to  fhoot 
foutherly,  even  to  the  zenith  of  northern  countries. 

To  the  fame  principle  we  may  refer  what  fome  term 
St.  Helmo’s  fire,  and  the  antient’s  Caftor  and  Pollux, 
a thin,  fhining  light,  which  is  fometimes  feen  dancing 
on. the  decks  or  rigging  of  fhips.  A very  remarkable 
account  of  this,  is  given  by  a late  author.  u In  the 
night  it  became  exceeding  dark,  and  thundered  and. 
light ned  dreadfully.  We  faw  mean  time  on  different 
parts  of  the  fhip,  above  thirty  St.  Helmo’s  fires.  One 
■which  was  on  the  top  of  the  vane  of  the  main-maft, 
was  more  than  a foot  and  a half  in  length.  I ordered 
one  of  the  failors  to  take  down,  the  vane : the  noife  of 
the  fire  refembled  that  of  fired  wet  gunpowder.  Scarce ' 
had  he  lowered  the  vane,  but  the  fire  left  it,  and  fixed 
on  the  top  of  the  main-maft.  After  remaining  there  a 
ccnfiderable  time,  it;  went  out  by  little  and  little. 

44  How  immenfe  a quantity  of  eledlric  matter  mud 
have  been  at  that  time  in  the  atmofphere  furrounding 
the  fhip,  to  furnifh  more  than  thirty  St.  Helmo’s  fires, 
(the  fame  we  fee  at  the  end  of  our  condu&ors  in  elec- 
trifying) one  of  which  was  above  afoot  and  a half 
long  ? The  mads,  yards,  and  every  part  of  the  fhip 
were  then  real  condudtors  of  the  eledtric  fire  between 
the  atmofphere  and  the  fea,  and  by  that  means  pre* 
ferved  the  fhip.” 
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A perfon  electrified  acquires  a flaramific  power,  ftffcng 
enough  to  light  with  one  of  his  fingers,  or  with  his  cane, 
warm  brandy.  When  the  finger  draws  near,  a crack- 
ing fparkle  iflues  out,  and  fets  it  on  fire. . 

The  ele&ric  fparks  of  iron  are  of  a filver  white,  thofe 
of  brafs,  green,  and  thofe  drawn  from  an  egg,  yellow- 
ifh.  This  feems  to  prove,  that  the  eleCtric  matter  ilfu- 
ing  from  a body,  is  laturated  with  fome  parts  peculiar 
to  it. 
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Electricity  quickens  almoft  all  forts  of  motion,  that  of 
water  in  particular,  which  then  glitters  in  the  dark,  the 
ftre  appearing  intermingled  with  the  Water.  It  acce- 
lerates the  motion  of  the  human  blood,  quickening  the 
pulfe  to  fifteen  or  fixteen  ftrokes  in  a minute.  The* 
blood  that  flows  from  the  vein  of  one  electrified,  glis- 
ters, feparates  into  fmali  drops,  and  fpouts  out  confi- 
derably  farther  than  otherwife  it  would  do. 

It  exceedingly  haftens  the  vegetation  of  plants. 
Myrtle  trees,  which  were  electrified,  budded  much 
fooner  than  others  of  the  fame  kind  and  bignefs,  in  the 
fame  green-houfe.  And  feeds  electrified  daily  have 
fhot  up  and  grown  more  in  three  or  four  days,  than 
ottars  of  the  fame  kind,  and  alike  in  all  other  circum- 
ftar  ices,  haye  done  in  eleven  or  twelve.  ’ 

It  cures  abundance  of  difeafes,  even  the  moft  ftub- 
born;  particularly  thofe  of  the  nervous  kind;  many 
of  them. in  a moment,  by  a fmgle  touch  ; moft,  in  a 
few  days.  So  that  this  is  not  only  one  of  the  greateft 
curiofities  in  the  world,  but  one  of  the  nobleft  medi- 
cines that  God  ever  gave  to  man. 

Another  phenomenon,  which  could  never  before  be 
accounted  for,  is  undoubtedly  owing  to  this  caufe,  the 
fparkling  obferved  on  new  flannel.,  when  it  is  rubbed 
in  the  dark.  Very  probably  the  acid  fteams  of  fulphur, 
which  is  burnt  under  the  flannel  when  it  is  bleached, 
unite  with  the  oil  wherewith  hair  always  abounds,  and 
fo  form  an  animal  fulphur,  which  upon  any  ftrong 
agitation  of  thefe  Jiairs,  will  become  luminous.  This 
fparkling  is  moft  obfervable  in  frofty  weather,  as  elec- 
tricity is  always  ftrongeft  at  that  time.  Flannel  lofes 
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Jtlils  property  when  it/is  wafted,  the  lixtVlal  falts  of  the 
foap,  deftroying  theiulphureous  acid,  and  likewife  dif- 
rharging  its  native  acid.  The  wearing  flannel,  even 
without  its  being  wafted,  will  have  die  fame  effeCh  as 
the  effluvia  which  go  off  in  perfpiration,  diffolve  the 
fulphur,  and  weaken  the  fpring  of  the  air. 


A gentleman  has  lately  made  fome  curious  experi- 
ments on  the  electricity  of  hair.  A lady  had  told  him, 
that  on  combing  her  hair  in  frofty  weather,  in  the  dark, 
fte  had  fometimes  obferved  fparks  of  fire  to  iffue  from 
it.  This  made  him  think  of  attempting  to  colled  the 
electrical  fire  from  hair  alone,  without  the  afliftance 
of  any  other  eleCtrical  apparatus.  To  this  end  he  de- 
fired  a young  lady  to  ftand  on  a cafe  of  bees-wax,  and 
to  comb  her  filler's  hair,  who  was  fitting  on  a chair 
before  her.  Soon  after  fte  began  to  comb,  the  young 
lady  on  the  wax  was  greatly  aftonifhed  to  find  her  whole 
body  electrified,  darting  out  fparks  of  fire  againft  every 
objeCl  that  approached  her.  The  hair  was  extremely 
electrified  and  affeCted  an  electrometer,  at  a very  gre^t 
diftance.  He  charged  a metal  conductor  from  it  with 
great  eafe  ; and  in  the  fpace  of  a few  minutes  collected 
as  much  fire  from  her  hair  as  to  kindle  common  fpirits ; 
and  by  means  of  a fmall  phial,  gave  many  fmart  fhocks 
to  all  the  company. 


_r 


Electricity  will  probably  foon  be  confidered  as  the 
great  vivifying  principle  of  nature,  by  which  fhe  car- 
ries on  moft  of  her  operations.  It  is  a fifth  element, 
diftinCt  from,  and  ef  a fuperior  nature  to  the  other 
four,  which  only  compofe  the  corporeal  parts  of  mat- 
ter : but  this  fubtle  and  aCtive  fluid  is  a kind  of  foul 
that  pervades  and  quickens  every  particle  of  it.  When 
' an  equal  quantity  of  this  is  diffufed  through  the  air, 
and  over  the  face  of  the  earth,  every  thing  continues 
calm  and  quiet;  but  if  by  any  accident  one  part  of 
matter  has  acquired  a greater  quantity  than  another,' 
the  moft  dreadful  confequences  often  enfue  before  the 
equilibrium  can  be  reftored.  Nature  feems  to  fall  into 
convulfions,  and  many  of  her  works  are  deftroyed ; 
all  the  great  phenomena  are  produced ; thundering 
lightning,  earthquake,  and  whirlwinds;  for  there  is 
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tiow  little  doubt,  that  all  thele  frequently  depend  oa 
this  foie  caufe.  And  again,  if  we  look  down  from  the 
Sublime  of  nature  to  its  minutiae,  we  (hall  ftill  find  the 
lame  power  aCiing,  though  perhaps  in  lefs  legible  cha- 
racters; for  as  the  knowledge  of  its  operations,  is  ftill 
in  its  infancy,  they  are  generally  mifunderftood,  or 
afcribed  to  fome  other  caufe.  But  doubtlefs  in  procefs 
of  time  thefe  will  be  properly  inveftigated ; when  men 
will  wonder,  how  much  they  have  been  in  the  dark. 
It  will  then  poffibly  be  found,  that  what  we  call  fen- 
fibility  of  nerves,  and  many  of  thofe  difeafes  known 
only  by  name,  are  owing  to  the  body’s  being'  pci  Hefted 
of  too  large  or  too  fmall  a quantity  of  this  fubtle  and 
aCtive  fluid ; that  very  fluid  perhaps,  that  is  the  vehi- 
cle of  all  our  feelings  ; and  which  has  been  fo  long 
fearched  for  in  vain  in  the  nerves. 

We  all  know  that  in  damp  and  hazy  weather,  when 
it  feems  to  be  blunted,  and  abforbed  by  the  humidity  ; 
when  its  activity  is  loftr  and  little  or  none  of  it  can  be 
collected,  our  fpirits  are  more  languid,  and  our  fenfi- 
bility  lefs  acute.  And  in  the  wind  at  Naples,  when  the 
air  feems  totally  deprived  of  it,  the  whole  fyftem  is 
unftrung,  and  the  nerves  feem  to  lofe  both  their  ten- 
fion  and  elafticity,  till  the  north  or  weft  wind  awakens 
the  activity  of  this  animating  power;  that  foon  re- 
ftores  the  tone,  and  enlivens  all  nature,  which  feemed 
to  droop  and'languilh  during  its  abfence. 

It  is  likewife  well  known,  that  there  have  been  in- 
ftances  of  the  human  body  becoming  eleCtric  without 
the  mediation  of  any  eleCtric  fubftance : and  even  emit- 
ting fparks  of  fire  with  a difagreeable  fen&tion,  and 
ail  extreme  degree  of  nervous  lenlibility. 

About  eight  or  nine  years  ago,  a lady  of  Switzer- 
land was  affeCted  in  this  manner.  She  was  uncom- 
monle  l'enfible  of  every  change  of  weather,  and  had 
‘her  electrical  feeling  ftrongeft  in  a'  dear  day,  br  dur- 
ing the  paffage  of  thunder  clouds,  when  .the  air  is 
known  to  be  replete  ■with  that 'fluid.  Her  cafe  was  de- 
cided to  be  a nervous  one.  - - 

• Two  gentlemen  of  Geneva  had  a fhort  experience 
‘ of  the  fame  complaint,  though  in  a much  fuperjbr  de- 
gree. Profeffor  Sauifure  and  young  Mr.  Jalabert;  when 
• ‘ I travelling 
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travelling  over  one  of  the  high  Alps,  were  caught 
amongft  thunder  clouds:  and  to  their  utter  aftonifh- 
ment,  found  their  bodies  fo  full  of  eledtrical  fire,  that 
fpontaneous  flaflies  darted  from  their  fingers  with  a 
crackling  noife,  and  the  fame  kind  of  fenfation  as  when 
ftrongly  eledtrified  by  art. 

It  feems  pretty  evident,  that  thefe  feelings  were 
owing  to  the  bodies  "being  poffefled  of  too  great  a fiiare 
jo f eledtric  fire.  This  is  tin  uncommon  cafe ; but  it  is 
not  at  all  improbable,  that  many  of  our  invalids,  par- 
ticularly the  hypochondriac,  owe  their  difagreeable 
feelings  to  the  oppofite  caufe,  or  the  bodies  being  pof- 
fefied  of  too  fmall  a quantity  of  this  fire;  for  we  find 
that  a diminution  of  it  in  the  air  feldom  fails  to  iiicreafe 
their  uneafy  fenfations,  and  vice  verfa. 

Perhaps  it  might  be  of  fervice  to  thefe  people  to 
wear  fome  eledtric'fubdance  next  their  fkin,  to  defend 
the  nerves  and  fibres  from  the  damp,  or  new  eledtric 
air.  I would  propofe  a waiftcoat  of  the  fined  flannel, 
which  (hould  be  kept  perfectly  clean  and  dry  ; for  the 
effluvia  of  the  body  in  cafe  of  any  violent  perfpiration, 
will  foon  dedroy  its  eledtric  quality ; this  flibuld  be  co- 
vered by  another  of  the  fame  fize  of  filk.  The  ani- 
mal heat,  and  the  Fridtion  that  exercife  mud  occafion 
betwixt  thefe  two  fiib fiances,  produce  a powerful;  elec- 
tricity; and  would  form  a kind  of  eledtric  atmofphere 
round  the’ body,  that  might  poffibly  be  one  of  the  bed 
prefervatives,  againd  the  effedt  of  damps.  f 

As  for  our  Swifs  lady  I have  little  - doubt  that  her 
complaints  were  owing  in  great  part  to  her  drefs:  and 
that  a very  fmall  alteration  almod  in  any  part  of  it, 
would  effedtually  have  cured  her. 

A lady  who  has  her  head  furrounded  with  wires,  and 
her  hair  duck  full  of  metal  pins,  and  who  at  the  fame 
time  dands  upon  dry  filk,  is  to  all  intents  and  purpofes 
an  eledtrical  condudtor,  infolated,  and  prepared  for 
colledling  the  fire  from  the  atmofphere ; and  it  is  not 
at  all  furprifing  that  during  thunder  dorms,  or  when 
the  air  is  extremely  replete  with  eledtrical  matter,  ihe 
fhould  emit  fparks,  and  exhibit  other  appearances  of 
eledtricity.  I imagine  a very  trifling  change  of  drefs, 
which  from  the  condant  verlatility  of  their  modes, 
v may  fome  day  take  place,  would  render  this  lady’s 
. - l'  difeafe 
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difeafe  altogether  epidemical  among  the  fex.  Only  let 
the  foies  of  their  {hoes  be  made  of  an  eleCtric  fubftance, 
and  let  the  wires  of  their  caps  and  pins  of  their  hair, 
be  fomewhat  lengthened  and  pointed  outwards ; and 
I think  there  is  little  doubt,  that  they  will  often  find 
themfelves  in  an  electrified  ftate : but  indeed  if  they 
only  wear  filk,  or  even  worfted  {lockings,  it  may  fome- 
times  prove  fufficient ; for  electrometers  have  been.' 
■often  infolated  as  perfectly  by  placing  them  on  a piece 
of  dry  filk  or  flannel,  as  on  glafs. 

How  little  do  our  ladies  imagine,  when  they  fur-* 
round  their  heads  with  wire,  the  moll  powerful  of  all 
conductors;  and  at  the  fame  time,  wear  (lockings, 
{hoes,  and  gowns  of  filk,  one  of  the  moil  powerful 
repellants,  that  they  prepare  their  bodies  in  the  fame 
manner,  and  according  to  the  fame  principles  as  elec- 
tricians prepare  their  conductors  for  attracting  the  fire 
of  lightning  ! If  they  cannot  be  brought  to  relinquifli 
their  wire  caps,  and  their  pins,  might  they  not  fall 
upon  fome  fuch  prefervatives  as  thofe  which  of  late 
years  have  been  applied  to  objects  of  lefs  confideration 
or  confequence  ? > ; 

i : * : Si  * ' ^ V ’ : * * • . ' • ; i 

11.  Next  in  fubtlety  to  this  ethereal  fluid  the  ether 
of  plants  appears  to  be.  It  feems  to  be  deftitute  of 
all  grofs  air.  For  exhauft  this  ever  fo  accurately,  it 
remains  unmoved,  and  does  not  emit  any  air-bubbles, 
which  immediately  arife  in  other  liquors.  A little 
of  it  poured  on  the  hand,  gives  a fenfe  of  cold,  equal 
to  that  caufed  by  the  eontaCt  of  fnow.  Blow  upon  it 
once  or  twice,  and  your  hand  is  dry.  It-  caufes  a hif- 
fing  when  poured  upon  warm  water,  as  if  a piece  of 
• hot  iron  were  thrown  into  it.  Put  a lump  of  fugar 
which  has  imbibed  a little  of  it,  into  a veffel  full  of  hot 
water,  the  - fugar  finks ; but  the  ether  rufiiing  forth, 
excites  a ftrong  ebullition.'  If  a fpoonful  of  it  be 
poured  into  a copper-pot  full  of  boiling  water;  hold 
a candle  near,  and  inftantly  there  iflues  a great  flafli  of 
lightning.  Hence  it  appears,  that  this  ether,  is  both 
a very  fluid  water,  and  a moft  fubtle  fire;  fo  that  if 
kindled  in  a thoufand  times  the  quantity  of  cold  wa- 
ter, it  burns  inextinguifhably. 

It  does  not  manifeil  the  lead  oilinefs  to  the  touch  ; 
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yet  is  it  the  true,  natural  dilFolvent  of  all  fat  oils  and 
gums  Whatever. 

It  has  a wonderful  harmony  with  gold,  even  greater 
than  that  which  is  between  gold  and  aqua  regia.  Di£ 
folve  a piece  of  gold  in  aqua  regia  : on  the  folution 
' cold,  pour  half  an  once  of  ether.  Shake  the  glafs,  and 
all  the  gold  will  pafs  into  this,  and  the  aqua  regia  rob- 
bed of  all  its  gold,  will  depofit  a white  powder,  which 
foon  turning  green,  is  the  copper  wherewith  the  gold 
was  adulterated.  Ether  then  is  the  mo  ft  noble  and 
efficacious  inftrument  in  chymiftry  and  pharmacy,  inak 
much  as  eflences  and  eflential  oils  are  extracted  by  it 
immediately,  without  the  mediation  of  fire,  from  woods, 
barks,  roots,  herbs,  flowers,  feeds,  and  the  various 
parts  of  animals. 

For  inftance,  take  mint,  fage,  cinnamon,  or  all  to- 
gether, cut  and  bottle  them ; pour  on  them  a fpoonful 
or  two  of  ether^and  after  it  has  flood  an  hour  in  a 
cool  place,  fill  up  the  bottle  with  cold  water,  and  pre- 
fently  you  will  fee  the  eflential  oil  fwimming  upon  the 
water.  In  like  manner,  though  not  fo  immediately, 
it  extrafts  the  pureft  gold  from  any  of  the  bafer  mine- 
rals. And  the  gold  thus  extracted,  is  better  and  Jooner 
purified  by  this  one  operation,  than  by  fufion  with  an- 
timony. It  is  the  lighteft  of  all  liquors.  Seven  ounces 
of  this  fill  a phial,  which  contains  twenty  even  of  oil 
of  vitrioL  And  it  is  the  pureft  flame,  leaving  neither 
foot  nor  allies  after  its  deflagration. 

12.  Wind  is  acurrent  of  air.  Wherever  the  air  is 
rarefied  or  condenfed  beyond  its  natural  degree,  a 
wind  muft  necefTarily  enfue,  till  the  equilibrium  be  re- 
ftored:  the  condenfed  air  immediately  expanding  it- 
felf  toward  that  which  was  rarefied.  The  caufe  of  this 
condenfation  or  rarefa&ion,  are  heat,  cbld,  and  a thou- 
fand  things  befide. 

The  heat  in  the  Weft-India  iflands  would  be  intole- 
rable, if  the  winds  rifing  as  the  fun  gather^  ftrength, 
did  not  blow  from  the  fea,  fo  as  to  temper  the  heat 
even  of  the  noon-day  fun.  On  the  other  hand,  as  the 
night  advances,  a breeze  arifes  from  the  land,  and 
blows  as  from  its  centre  towards  the  fea,  to  all  point* 
of  the  compafs  at  once; 
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At  Aleppo  the  coldeft  winds  in  the  winter  are  thofe 
which  blow  from  N.  W.  to  E.  the  nearer  the  Eaft  the 
colder.  But  from  May  1,  to  the  end  of  September, 
the  winds  blowing  from  the  fame  points, bring  with  them 
a heat  which  one  would  imagine  came  out  of  an  oven, 
and  which,  when  it  blows  hard  will  a feet  metals  with- 
in the  houfes,  as  if  they  had  been  expofed  to  the  rays  # 
of  the  fun.  Yet  it  is  remarkable,  that  water  kept  in 
jars  is  much  cooler  at  this  time,  than  when  a cool  wef- 

terly  wind  blows.  , • ' 

But  what  degree  of  heat  can  a human  body  bear  ? 

A gentleman,  delirous  to  afeertain  this,  heated  feveral 
rooms  by  means  of  flues,  from  100  degrees  of  Fahren- 
heit’s Thermometer  to  210.  He  found  he  could  bear 
the  heat  of  210  without  fuffering  much,  and  could 
breathe  freely,  when  his  pulle  beat  165  beats  in  a mi- 
nute. Even  then  placing  the  ball  of  the  thermometer 
under  his  tongue,  the  glafs  funk  to  100,  and  the  flefh 
of  his  body  felt  as  cold  as  a corpfe.  Yet  bis  watch 
chain  was  fo  hot,  he  could  fcarce  touch  it. 

Hence  he  inferred  that  a human  body  has,  to  a cer- 
tain  degree  a power  of  deftroying  heat,  as  well  as  . - 

a power  of  generating  heat,  as  circum  (lances  may  re- 
quire. This  refult  from  the  principle  of  life  itfelf,  and 
accordingly  is  not  found  in  any  inanimate  body. 

A wind  of  a very  peculiar  kind,  pailed  over  the  city 
of  Rome,  on  the  night  of  the  11th  of  June,  1719. 

There  firft  appeared  a very  black,  long  and  lofty  cloud, 
which  emitted  flames  on  all  (ides-.  It  moved  along 
with  afurprifing  fwiftnefs,  within  three  or  four  feet  of 
the  ground.  It  firft  gathered  in  the  neighbouring  fea, 
came  from  Oftia  to  Rome,  entered  the  city  between  the 
gates  of  St.  Paul  and  St.  Sebaftian,  and  crofting  in  a ftrait 
line  went  out  at  the  north  angle  of  a large  fquare,between 
the  Porta  Pia  and  that  of  St.  Lawrence.  It  ftripped 
off  the  roofs  of  houfes,  blew  down  the  chimnies,  broke 
doors  and  windows,  forced  up  the  floors,  and  unpaved 
the  rooms.  It  tore  up  the  vines,  and  overthrew  the 
- . trees  ‘m  its  way,  and  where  its  aflion  was  mod  violent, 
the  very  rafters  of  the  houfes  were  broke,  yea,  and 
huiled  againft  houfes  at  a confiderable  diftance.  The 

loftieft  buildings  felt  its  fury  the  moft:  thofe  of  one 
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ftory  were  little  damaged.  It  was  traced  to  fome  dif- 
tance  without  the  city,  then  it  died  away. 

The  mdtions  of  all  thefe  hurricanes  is  circular,  and 
they  carry  up  into  the  air,  tiles,  (tones,  and  whatever 
comes  in  their  way,  and  throw  them  violently  to  a con- 
fiderable  diftance.  To  this  may  be  owing  Tome  of 
thofe  furprifmg  fhowers  which  are  recorded  in  hiftory. 
A'  whirlwind,  for  inftance,  pafles  over  a place  where 
wool  is  fpread  to  dry.  It  takes  it  up,  and  fcatters  it 
in  fmall  locks,  at  a confiderable  diftance.  Here  is  the 
appearance  of  a fliower  of  wool.  If  it  fweeps  along 
a mineral  rivulet,  of  which  there  are  many  among  the 
mountains  of  Italy,  it  -carries  innumerable  metallic 
particles  away,  and  fprinkles  them  on  fome  diftant 
town  or  Helds.  Here  is  what  they  call  a Jhower  of 
iron. 

Hurricanes  are  forefeen  at  the  Antibes  by  a calm, 
and  then  a fhifting  of  breezes  from  all  quarters ; the 
fun-lets  blood  red,  fmall  clouds  fly  to  and  fro  with  great 
rapidity.  Sea-birds  quit  the  air  and  feek  the  fliore.  Soon 
after  a North  breeze  fpiings  up,  which  comes  to  the 
North-eaft.  Afterwards  it  is  South  and  South-eaft, 
. and  the  air  is  darkened  by  a black  cloud. 

In  the  laft  hurricane,  the  wind  flood  at  North-eaft, 
and  blew  with  fuch  violence,  that  the  largeft  trees  were 
torn  up  by  the  roots,  their  trunks  broken  to  pieces,  and 
not  a leaf  left  on  thofe  other  trees,  which  yielded  to 
the  fury  of  the  winds.  The  houfes  were  thrown  down, 
and  the  tops  of  the  fugar-mills,  which  could  not  well 
be  thrown  down,  were  crufhed  to  pieces.  At  the  end 
of  a hurricane  we  fee  lightning,  and  hear  the  noife  of 
thunder.  Then  the  wind  foftens  gradually,  till  all  be- 
comes quiet. 

When  there  was  a violent  hurricane  at  Guadeloupe, 
there  appeared  upon  the  ifland,  a thick  black  cloud, 
v-hich  feemed  on  fire,  and  gravitating  toward  the  earth. 
It  occupied  a fpace  of  five  or  fix  leagues  in  front. 
Above  it  the  air  was  almoft  clear,  there  appearing 
only  a kind  of  mift.  The  whole  force  of  a hurricane 
is  lodged  in  the  very  body  of  a cloud,  containing  wind, 
rain,  lightning,  and  thunder : where  the  air  is  com- 
prefled,  and  rolling  upon  itfelf,  caufes  the  florins, 
which  nothing  can  refill.  Nor  does  the  hurricane  end, 
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till  the  cloud  bur  ft  s,  and  the  thunder  and  lightning  come 
on.  - - 

One  fpecies  of  hurricanes  is  that  which  is  termed  a 
water-fpout.  Thefe  are  feen  to  defcend  from  a cloud 
as  a pillar,  having  two  motions,  one  round  their  own 
axis,  the  other  progreffive  in  a ftrait  dire<5tion.  Such  / 
a fpout  :is  a gyration  of  clouds*  by  contrary  winds 
meeting  in  the  centre,  and  there  (where  the  condenfa- 
tion  and  gravitation  are  greateft)  finking  down  into  a 
great  tube,  like  a fcrew.  In  its  working  and  whirling, 
it  fucks  and  raifes  the  water,  in  the  fame  manner  as 
the  fpiral  fcrew  does.  • One  of  thefe  fometimes  appears 
on  the  land.  On  June  21,  fome  years  fince,  the  clouds 
near  Hatfield  in  Yorkftiire  were  obferved  to  be  much 
agitated  and  driven  together.  They  foon  became  ve- 
ry black,  and  were  hurried  round  : hence  proceeded  a 
whirling  noife  like  that  of  a mill.  Soon  after  there 
iffiied  a long  tube  from  the  centre  of  the  congregated 
clouds,  having  a fcrew-like  motion,  by  which  means  the 
water  wherever  it  came  was  raifed  up.  In  Auguft  fol- 
lowing, the  wind  blowing  at  the  fame  time  out  ofTe- 
veral  quarters,  created  a great  whirling  among  the 
clouds,  the  centre  of  which  every  now  and  then  funk* 
down,  like  a long,  black  pipe,  wherein  was  diftindtly 
feen  a motion  like  that  of  a fcrew,  continually  draw- 
ing and  fcrewing  up,  as  it  were,  whatever  it  touched. 
Groves  and  trees  bent  under  it  circularly,  like  wands. 
Some  of  the  branches  it  tore  off.  It  is  commonly  fup^ 
pofed,  that  the  water  at  fea  rifes  in  a column,  before 
the  tube  touches  it.  But  this  is  a miftake.  The  tube- 
often  touches  the  furface  of  the  fea,  before  the  water 

rifes  at  all.  > * • 

But  water-fpouts  happen  fever al  'ways.  Sometimes 

the  water  is  feen  to  boil,  and  raife  itfelf  for  a confide- 
rable  fpace  about  a foot  from  the  fea,  before  the  tube 
touches  it.  Above  this  there  appears  as  It  were  a thick 
and  black  fmoke,  in  the  midft  of  which  is  a fort  of 
pipe,  refembling  a tunnel,  reaching  tip  to  the  clouds. 
At  other  times^  thefe  tunnels  come  from  the  clouds, 
and  fuck  up  the  water  with  great  violence.  Sometimes 
thefe  difcbarge  themfelves  into  the  fea,  to  the  unavoid- 
able deftru&ion  of  fuch  (hips  as  are  in  their  way  : fome- 
times 
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times  on  the  fliore,  beating  down  all  they  meet  with, 
and  raifmg  the  fand  and  ftones  to  a prodigious  height. 

A very  diftindl  account  of  this  kind  was  given  fome 
time  fince  by  an  eye  witnefs. 

“ We  were  on  the  coaft  of  Barbary,  when  three  wa- 
ter-fpouts  came  down  : one  of  them  bigger  than  three 
mails,  the  other  two  fcarce  half  as  big : all  of  them 
were  black,  as  the  cloud  from  which  they  fell ; all 
fmooth,  and  fmaller  at  the  lower  end.  Sometimes  one 
became  fmaller,  and  then  larger  again  ; fometimes  it 
difappeared,  and  quickly  fell  down  again. 

“ There  was  always  a great  boiling  and  flying  up  of 
the  water,  like  the  appearance  of  a fmoking  chimney 
in  a calm  day.  Sometimes  it  Hood  as  a pillar  fome 
yards  above  the  fea,  and  then  fpread  itfelf  and  fcattered 
like  fmoke.  One  fpout  came  down  to  the  very  middle 
of  this  pillar,  and  joined  with  it.  Afterwards  it  pointed 
to  the  pillar  at  fome  diftance,  firft  in  a perpendicular, 
and  then  in  an  oblique  line. 

“ It  was  hard  to  fay,  whether  this  fpout  fell  firft 
from  the  cloud,  or  the  pillar  rofe  firft  from-  the  fea, 
Both  appearing  oppofite  to  each  other,  as  in  the  twink- 
ling of  an  eye.  But  in  another  place  the  water  rofe  up 
to  a great  height,  without  any  fpout  pointing  to  it. 
Only  here,  the  water  did  not  rife  like  a pillar,  but  flew 
fcatteringly,  and  advanced  as  a moving  bulh  upon  the 
furface  of  the  fea.  This  proves  that  the  rifing  of  the 
water  may  begin,  before  the  fpout  from  the  cloud  ap- 
pears. 

“ All  thefe  fpouts,  but  efpecially  the  great  one. to- 
ward the  end,  began  to  appear  like  a hollow  canal, 
along  the  middle  of  which  one  might  diftin&ly  perceive 
the  fea  water  fly  up  very  fwiftly : foon  after  the  fpout 
broke  in  the  middle,  and  difappeared  by  little  and  lit- 
tle : the  boiling  up,  yea,  the  pillar  of  fea  water  conti- 
nuing a conliderable  time  after.” 

\ 

There  is  fomething  very  uncommon  in  the  Fetter,  a 
lake  which  parts  eaft  and  welt  Gothland.  It  is  about 
eighty  miles  long  and  eighteen  broad.  Its  water  is  ve- 
ry clear;  and  in  fome  places  fo  deep,  as  not  to  be  found- 
ed 
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cd  by  a line  of  300  fathoms.  It  is  often  difturbedby 
ftorms,'  which  fometimes  begin  fo  fuddenly,  that  the 
furface  of  the  water  is  agitated,  before  the  leaft  breath 
of  wind  is  perceived.  And  it  is  not  uncommon  for 
boats  in  one  part  of  the  lake  to  be  tofled  by  a violent 
ftorm,  while  others  at  a fmall  diftance,  are  in  a per- 
fect calm.  Immediately  before  a ftorm,  while  the  iky 
is  clear,  a noife  is  perceived  in  the  lake  like  thunder. 
Of  this  the  inhabitants  of  Vifingore,  an  ifland  in  the 
middle  of  the  lake,  are  more  fenftble  than  any  others. 
For  from  that  part  of  the  ifland,  whence  the  wind  will 
blow,  they  hear  a noife  like  the  firing  of  cannon. 
Whenever  this  is  heard  in  the  eaft,  they  expect  hail 
and  rain  to  follow.  Undoubtedly  all  thefe  ftorms  are 
owing  to  fubterraneous  winds.  To  thefe  likewife  we 
may  attribute  the  fudden  cracking  of  the  ice  upon  the 
lake  in  the  fpring.  This  is  one  minute  ftrong  enough 
to  bear  horfes  and  fledges,  and  the  next  broken  in 
pieces.  A ftrange  noife  underneath,  which  precedes 
the  breach,  warns  travellers  to  make  the  beft  of  their 
way.  But  thofe  who  happen  to  be  at  a great  diftance 
from  land,  are  fwallowed  up,  unlefs  they  can  float  up- 
on flioals  of  ice,  till  they  meet  with  relief.  The  violent 
under-currents  obferved  in  this  lake,  are  alfo  very  fur-  ■ 
prifing.  Thefe  direCtly  oppofing  the  winds,  give  the 
fifliermen  a great  deal  of  trouble.  From  thefe,  as  well 
as  from  unfathomable  depths,  it  is  fuppofed  to  have  a 
communication  under  ground  with  another  lake,  call- 
ed Venner,  about  forty  miles  to  the  weftward. 

1 3.  It  remains  only  to  add  a few  reflections,  on  fome 
of  the  preceding  heads. 

‘ C 

How  ufeful  is  the  atmofphere  to  the  life,  the  health, 
the  comfort,  and  the  bufinefs  of  the  whole  globe  ? It  is 
the  air,  f by  which  all  animals  live  : not  only  the  in- 

1 habitants 

f As  the  air  is  of  absolute  necessity  to  animal  life,  so  it  is  ne- 
cessary it  should  be  of  a due  consistence,  not  foul,  for  that  suf- 
focates  i not  too  thin,  for  that  suffices  not. 

In  the  diving-bell,  after  some  time  of  stay  under  water,  they 
are  forced  to  come  up  and  take  in  fresh  air.  But  Cornelius 
J)rebell  contrived  not  only  a vessel  to  be  rowed  under  water, 
*>ut  also  a liquor  to  be  carried  therein,  that  would  supply  the 

want 


I 


i 


( 55  ) 

habitants  of  the  earth,  bin  of -the  waters  too.  With- 
oat  it  moil  animals  live  fcarce  half  a minute,  and  none 
of  them  many  days. 

And  not  only  animals,  but  even  trees  and  plants 
owe  their  life  and  vegetation  to  this  ufeful  element  : 
as  is  manifeft  from  their  glory  and  verdure  in  a free 
air,  and  their  palenefs  and  fickltnefs,  when  excluded 
from  it. 

Thus  necelfary  is  the  air  to  the  life  of  animals,  and 
it  is  no  lefs  fo,  to  the  conveyance  of  many  of  them.  _ 
All  the  winged  tribes  owe  their  flight  and  buoyancy  to 
it.  . And  even  the  inhabitants  of  the  waters,  cannot 
eafily  afcend  or  defcend  in  their  own  element  without 
it.  7 ' 

• ■ # * * ' r * 

It  would  be  endlefs  to  fpecify  the  ufes  of  the  air  in 
the  operations  of  nature.  To  touch  only  on  one  or  two 
inftances.  How  admirable  is  that  property  of  it,  the 
confeyving  animated  bodies,  whether  animal  or  vegeta- 
ble, while  it  dilfolves  all  other  bodies  ; by  which  means 
many  things  which  would  prove  nuifances  to  the 
world,  are  put  out  of  the  way,  and  reduced  to  their  firft 
principles.  Even  cryftal  glafles,  efpeciallyrif not  ufedrv 
it  will  in  time  reduce  to  powder.  And  thus  divers 
minerals,  ftones,  foffil-fhells,  trees,  which  have  lain 
under-ground  for  many  ages,  and  fo  fecure  from  cor- 

want  of  fresh,  air.  The  vessel  was  made  for  Xing  James  the  first. 

It  carried  tweke  rowers  beside  the  passengers.  It  was  tried  in 
the  Thames.  A person  who  was  therein  told  it  one  who  related 
it  to  Mr.  Boyle.  As  to  the  liquor,  Mr.  Boyle  discovered'by  a 
• physician,  who  married  Drebell’s  daughter,  that  from  time  to 
time,  when.the  air  in  the  submarine  boat  was  so  clogged  by  the 
breath  of  the  company,  as  to  be  unfit  for  respiration,  by  unstop- 
ping a vessel  full  of  this,  he  speedily  restored  it^  so  that  they 
breathed  again  without  difficulty. 

And  as  too  gross,  so  too  thin  an  air,  is  unfit  for  respiration. 
Hence  the  difficulty  of  breathing,  (as  all  travellers  relate)  upon 
the  top  of  high  mountains.  But  the  cause  of  this  difficulty  is  not 
the  thinness  only,  but  the  two  great  lightness  thereof,  which  ren- 
ders it  unable  to  be  a counter-balance  to  the  heart,  and  all  the 
muscles  ministering  to  the  respiration.. 
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ruptlon,  when  in  the  open  air,  have  quickly  mouldered 
away. 

Another  admirable  ufe  of  the  atmofpllere  is,  its  mi-  ■ 
niftring  to  the  enlightening  the  earth,  by  reflecting  to 
us  the  light  of  the  fun,  $ and  refracting  his  beams  to 
our  eye,  before  he  furmounts  our  horizon,  by  which 
means  the  day  is  protracted  throughout  the  whole 
globe,  and  the  long  and  difmal  nights  are  lhortened  in 
the  frigid  zones.  Yea,  the  fun  rifes  in  appearance, 
when  he  is  indeed  many  degrees  below  the  horizon. 

• ■ * I , ' ’ _ - 

Let  us  a little  more  attentively  confider  the  light 
which  whitens  the  Iky  before  the  fun  rifes.  There  is 
fomething  furprifing  in  this.  We  fee  the  light  only  by 
the  rays  which  flow  to  our  eyes.  Now  the  Tun  being  , 

. as  yet  beneath  the  earth,  cannot  project  any  of  his 
rays  direCily  to  us.  And  the  rays  which  dart  on  the 
extremities  of  the  land  that  terminates  our  fight  pro- 
ceed farther  into  the  heavens,  unlefs  they  meet  with 
any  body,  which  reflects  them  back  to  us.  Is  there 
any  particular  body  in  nature  defigned  to  do  us  this 
fervice  ? There  is,  namely  the  atmofphere,  which  is 
framed  over  our  heads  in  fuch  a manner,  that  notwith-  ■ 
Handing  its  extenfive  mafs,  it  fuffers  us  to  fee  the  liars, 

' at  an  immenfe  diftance  from  us  ; and  notwith  Handing 
its  tranfparency,  bends  and  gathers  for  us  numberlefs 
rays,  of  which  we  fhould  otherwife  be  quite  deprived. 

Any  ray  that  falls  perpendicularly  on  the  atmof 
phere,  enters  it  without  any  obftacle,  ‘and  defcends 
through  it  to  the  earth  in  the  fame  right  line.  But 
thofe  which  fall  obliquely  upon  it,  are  admitted  into,  or 
repelled  from  it,  according  to  the  fituation  of  the  lu- 
minous body.  If  this  be  more  than  eighteen  degrees 
' below  the  horizon,  all  it  rays  are  fcattered  abroad.  If 

§ To  this  is  owing  that  whiteness  which  is  in  the  air  in  the 
day-time,  caused  by  the  rays  of  light,  striking  on  the  particles 
of ; the  atmosphere,  as  well  as  upon  the  clouds  above,  and  the 
other  objects  beneath  on  the  earth.  To  the  same  cause  we  owe 
the  twilight,  namely  to  the  sun-beafns  touching  the  uppermost 
parts  of  the  atmosphere,  which  they  do,  when  the  sun  is  eigh* 
teen  degrees  below  the  horizon. 

lefs*  , 
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lefs,  the  rays  enter  the  atmofphere,  and  are  refrafted 
to  onr  fight.  This  is  the  true  caufe  of  the  twilight,  and 
indeed  of  the  continuance  and  principal  beauty  of  the 
day,  even  when  the  fun  is  in  its  higheft  elevation. 
The  earth  which  receives  his  rays  reflects  them  into  the 
atmofphere,  which  once  more  returns  the  greater  part 
of  them.  Thus  it  preferves  to  us  that  fplendor  which- 
is  the  beauty  of  nature,-  and  that  heat  which  is  the  foul 
of  it.  For  it  colledts  numberlefs  rays,  the  greater  or 
fmaller  union  whereof,  is  the  meafure  of  heat  and  cold. 
Thus  it  becomes  to  us  a mantle  of  the  fineft  texture,, 
redoubling  the  heat,,  yet  not  preffing  us  by  its  weight. 

The  atmofphere  at  the  fame  time  caufes  and  main- 
tains round  us,  that  light  which  lays  pur  whole  habi- 
tation before  our  eyes.  In  order  to  clear  this,  fuppofe 
the  atmofphere  were  dettroyed,  1.  The  rifing  of  the 
fun  would  not  be  preceded  by  any  twilight,  but  the 
mod  intenfe  darknefs  would  furround  us,  till  the  mo- 
ment of  his  rifing.  2.  In  that  inftant  he  would  break 
out  in  his  full  brightnefs,  and  fo  continue  till  his  fet- 
ting  : and  that  moment  it  would  be  pitch  dark.  3.  In 
the  day  his  light  would  refemble  a clear  fire,  which  we 
fee  by  night  in  the  midft  of  a fpacious  field  . We  fhould 
fee  what  was  near  us,  but  nothing  elfe : the  diftant 
lands  would  not  be  perceived,  and  the  night  would  (till 
continue,  notwithftanding  the  fun.  For  inftead  of  the 
white  tint  of  day,  which  difplays  all  nature  by  bright- 
ening the  azure  of  the  heavens,  and  colouring  all  the 
horizon,  we  fhould  fee  nothing  but  an  abyfs  of  darknefs, 
there  being  nothing  to  reflect  the  folar  rays.  The  ftars 
indeed  would  be  feen  at  noon-day  : but  then  thofe  lu- 
minous bodies,  which  now  appear  to  be  placed  in  a de- 
lightful azure,  would  feem  fattened  on  a difmal, 
mourning  carpet. 

f 

“ But  how  does  that  fine  azure  depend  on  the  at- 
mofphere ?”  This  will  plainly  appear,  if  it  be  confi- 
dered,  what  a quantity  of  rarefied  water  is  fufpended 
from  the  top  of  the  atmofphere  to  the  bottom.  And 
there  is  never  a greater  quantity  fufpended  there,  than 
in  the  fine  days,  when  no  clouds  are  to  be  feen.  It  is 
thefe  rarefied  waters,  that  intercept,  and  refled:  to  us* 
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the  rays  refle&ed  from  the  earth  : And  this  prodigi- 

ous mafs  of  waters,  being  a fimple  and  uniform  body, 

. ' the  colour  of  it  is  fimple,  and  always  the  fame.. 

€i  But  are r thefe  azure  fkies,  which  we  counfound 
with  the  ftarry  heaven,  nothing  more  than  a little  air 
and  water  ? And  what  we  took  for  the  heaven,  only 
a cover,  wrapt  clofe  round  the  earth  ?”  ISo  it  is.  And 
this  is  a new  wonder,  and  anew  proof  of  our  Creator’s 
wifdom  ! A few  fmall  bubbles  of  air  and  water  are  in* 
deed  of  themfelves  things  very  infigpificant : but  that 
hand  which,  has  with  fo  much  art  and  caution  placed 
them  over  our  heads,  has  done  \t  merely,  that  his  fun 
and  ftars  might  not  be  rendered  ufelefs  to  us.  He 
embellifhes  whatever  he  pleafes  ; and  thefe  drops  of 
"water  and  air  become  in  his  hands  an  inexhauftible 
fource  of  glory.  He  draws  from  them  thofe  twilights,  ' 
•which  fo  ufefully  prepare  our  eyes  for  the  receiving  a 
ftronger  light.  He  fetches  out  of  them  the  brightnefs 
of  the  dawn.  From  them  he  produces  the  fplendor  of 
the  day.  He  makes  them  contribute  to  the  increafe 
and  prefervation  of  that  heat  which  nourifhes  every* 
thing  breathing.  Of  them  he  makes  a brilliant  arch, 
which  inchants  the  fight  of  man,  and  becomes  the  ceil-  • 
ing  of  his  habitation. 

I (hall  only  add  the  excellent  ufe  of  the  atmofphere, 
in  refpeft  of  two  of  its  meteors,  the  winds,  and  the 
clouds  and  rain. 

The  winds  ||  are  of  fuch  abfblute  neceffity  -to  the 
wholefomenefs  of  the  atmofphere,  that  all  the  world 
would  be  poifoned  without  thefe  agitations.  We  find 

||  The  most  universal  and  constant  alterations  of  the  balance 
of  the  atmosphere  are  from  heat  and  cold.  This  is  manifest  in 
the  general  trade-winds,  blowing  all  the  year  between  the  tro- 
pics from  east  to  west  : the  cause  whereof  is  undoubtedly  by  the 
sun’s  daily  progress  round  that  part  of  the  globe,  by  his  heat 
rarefying  one  part  of  the  air,  whilst  the  cooler  and  heavier  air 
behind  passes  after. 

In  thunder-storms  there  are  often  two  currents  of  air,  the  un- 
der-current contrary  -to  the  upper.  Hence  the  wind  near  the 
earth  blows  one  way,  and  the  clouds  more  above,  the  other  way. 

how 
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how  putrid  and  unfit  for  refpiration,  a confined,  flag- 
nating  air  is.  And  if  the  whole  mafs  of  air  and  va- 
pours were  always  at  reft,  inftead  of  refreftiing,  it  would, 
fuftocate  all  the  world.  But  die-  motion  it  receives- 
from  the  gales  and-  ftorms,  keeps  it  pure,,  and  healthy 
ftill.  r 

Without  thefe  gales  to  fan  us  alfo,  in  the  heat  of 
fummer,  even  in.  our  temperate  climate,  men’ would 
hardly  be  able  to  get  through  their  daily  labour,  with- 
out endangering  their  health.f  Thefe  are  perpetual, 
in  the  torrid  zone,  and  make  wl^at  the  ancients  imagin- 
ed to  be  not  habitable  to  any  bat  wild  beads,  a health- 
ful and  pleafant  habitation. 

Of  what  ufe  likewife  are  the  winds,  to  tranfport  men’ 
to  the  diftant  regions  of  the  world  ? Particularly,  the 
general  and  coafling  trade-winds,  the  fea  and  the  land1 
breezes  : the  one/erving  to  carry  the  mariners  in  long 
voyages  from  eaft  to  weft  ; the  other,  to  waft  him  to > 
particular  places  : the  one  ferving  to  carry  him  into  his 
harbour,  the  other  to  bring  him  out.  Sea-breezes  com— 
.monly  rife  in  the  morning,  about  nine  o’clock.  They 
firft  approach,  the  fhore  gently,  as  if  they  were  afraid- 
.to  come  near  it.  The  breeze  comes  in  a fine,fmall, 
-black  curl  upon*  the  water,  whereas  all  the  fea  between* 
it  and.  the  fhore,  is  as  fmooth  and  even  as  glafs.  In) 
half  an  hour  after  it  reaches  the  fhore,  it  fans  pretty 
brifkly,  and  fo  increafes  gradually  till  twelve  o’clock 
then  it  is  commonly  the  ftrongeft.  It  lafts  fo  till  two 
or  three.  At  three  it  begins  to  die  away,  till  about  five: 
it  is  lulled  afleep.  As  theTea-hrejezes  blow  in  the  day, 
and  reft  in  the  night;  the  land-breezes  blow  in  the  night,, 
and  reft  in  the  day.  They  fpring  up  between  fix  anch 
twelve  at  night,  and  laft  till  fix,;  eight^ror  nine-in  the 
, morning*. 

The  clouds  and-  rain  are  no  lefs  ufeful  meteors  than ^ 
the  winds,  as  is  manifeft  in  the  refrefhing  fhade  which* 

f July  8,,  1707,  called  for  some  time  after,  the  hot  Tuesday,, 
was  so  excessively  hot  and  suffocating,  by  reason  of  there  being 
no  wind  at  all,  tfyat  divers  persons  died  in  their  harvest-work. 
A healthy,  lusty,  young  man,  near  Upminster  in  particular,  , was- 
killed  on  the  spot  by  the  heat,,  and  severaltraveller*  on  the  roadri 
dropt  down  and  died*- 
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the  clouds  afford)  and  the  fertile  dews  and  (bowers, 
which  they  pour  down  on  the  trees  and  plants,  which 
would  languifli  and  die  with  perpetual  drought,  but 
are  hereby  made  verdant  and  flourifliing  : fo  that  as 
the  Pfalmift  faith,  “ the  little  hills  rejoice  on  every 
fide,  and  the  vallies  (hout  for  joy,  and  ling.” 

A farther  improvement  of  thefe  remarks  I fubjoin  in 
the  words  of  Mr.  Hervey. 

“ If  we  turn  our  thoughts  to  the  atmofphere,  we 
■find  a mod  curious  and  exquifite  apparatus  of  air. 
This  is  a fource  of  innumerable  advantages ; all  which 
are  fetched  from  the  very  jaws  of  ruin.  To  explain 
this.  The  preffure  of  the  air  on  a perfon  of  a moderate 
fize  is  equal  to  the  weight  of  twenty  thoufand  pounds. 
Tremendous  confideration ! Should  a houfe  fall  upon 
us  with  half  that  force,  it  would  break  every  bone  of 
our  bodies.  Yet  fo  admirably  has  the  Divine  Wifdom 
contrived  the  air,  and  fo  nicely  counterpoifed  its  dread- 
ful power,  that  wefufferno  manner  of  inconvenience ; 
we  even  enjoy  the  load.  Inftead  of  being  as  a moun- 
tain  on  our  loins,  it  is  as  wrings  to  our  feet,  or  finews 
to  our  limbs.  Is  not  this  common  ordination  of  Pro- • 
vidence,  fomewhat  like  the  miracle  of  the  burning 
bulb  ? Well  may  we  fay  unto  God,  O how  terrible, 
yet  how  beneficent,  art  thou  in  thy  works  ! 

- _ S'  / . . ^ 4 ~ \ 

“ The  air,  though  too  weak  to  fupport  our  flight  is 
a thoroughfare  for  innumerable  wings.  Here  the 
whole  common- wealth  of  birds  expatiate,  beyond  the 
~ reach  of  their  adverfaries.  Were  they  to  run  upon  the 
earth,  they  would  be  in  ten  thoufand  dangers,  without 
ftrength  to  refill,  or  fpeed  to  efcape  them  : whereas 
by  mounting  the  (kies,  they  are  fecure  froih  peril,  they 
(corn  the  horfe  and  his  rider.  Some  of  them  perching 
on  the  boughs,  or  foaring  aloft,  entertain'  us  with  their 
notes.  Many  of  them  yield  us  whc  lefome  and  agreea- 
ble food,  and  yet  give  us  no  trouble,  put  uS  to  no  ex- 
pense, but  till  the  time  we  want  them,  are  wholly  out 
of  the  way. 

“The  air  is  charged  alfo  with  feveral  offices,  abfo- 
» ; ’ lutely 
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lately  needful  for  mankind.  In  our  lungs  it  renti&tef 
the  blood,  qualifies  its  warmth,  promotes  the  animal 
fecretions.  We  might  live  even  months,  without  the 
light  of  the  fun,  yea,  or  the  glimmering  of  a ftar. 
Whereas,  if  we  are  deprived  but  a few  minutes  of  this, 
we  ficken,  we  faint,  we  die.  The  fame  univerfal  nurfe 
has  a confiderable  fhare  in  cherifliing  the  feveral  tribes 
of  plants.  It  transfufes  vegetable  vigour-into  the  trunk 
of  an  oak,  and  a blooming  gaiety  into  the  leaves  of  a 
rofe. 

- f ' 

" The  air  likewife  conveys  to  our  noftrils  the  ex- 
tremely fubtle  effluvia  which  exhale  from  odoriferous 
bodies  : particles  fo  fmall,  that  they  elude  the  moft 
careful  hand.  But  this  receives  and  tranfmits  the  in- 
vifible  vagrants,  without  lofing  even  a Angle  atom  ; 
entertaining  us  with  the  delightful  fenfations  that  arife 
from  the  fragance  of  flowers,  and  admonifhing  us  to 
withdraw  from  an  unwholefome  fituation,  to  beware  of 
pernicious  food. 

“ The  air  by  its  undulating  motion  conducts  to  our 
ear  all  the  diverlities  of  found.  While  danger  is  at  a 
confiderable  diftance,  this  advertifes  us  of  its  approach  ; 
and  with  a clamorous,  but  kind  importunity,  urges  gs 
to  provide  for  our  fafety. 

“ The  air  wafts  to  our  fenfe  all  the  modulations  of 
mufic,  and  the  more  agreeable  entertainments  of  con- 
verfation.  It  diftributes  every  mufical  variation  with 
the  utmoft  exaftnefs  and  delivers  the  meflage  of  the^ 
fpeaker  with  the  moft  punctual  fidelity  ; whereas  with- 
out this  internuntio,  all  would  be  fullen  and  unmeaning 
filence.  • We  fliould  neither  be  charmed  by  the  harmo- 
nious, nor  improved  by  the  articulate  accents. 

“ How  gentle  are  the  breezes  of  the  air  when  uncon- 
fined ¥ but  when  collected,  they  adt  with  fuch  immenfe 
force,  as  is  fufficient  to  whirl  round  the  hugeft  wheels, 
though  clogged  with  the  moft  incumbering  loads. 
They  make  the  ponderous  millftones  move  as  fwiftly  as 
the  dancei’o  heel ; and  the  malfy  beams  play  as  nim- 
bly as  the  mufician’s  fingers.  . . 

“ In 
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S In  the  higher  regions  there  is  an  endlefs  fucceffibn* 
of  clouds,  fed  by  evaporations  from  the  ocean.  The 
clouds  are  themfelves  a kind  of  ocean,  fufpended  in  the 
air.  They  travel  in  detached  parties,  over  all  the  ter-- 
reftrial  globe.  They  frudtify  by  proper  communicati- 
ons of  moidure,  the  fpacious  paftures  of  the  wealthy, 
and  gladden  with  no  lefs  liberal  (bowers  the  cottager’s 
little  fpot.  Nay,  they  “ fatisfy  the  defolate  and  wade 
ground,  and  caufe  the  bud  of  the  tender  herb  to  fpring 
forth:”  that  the  natives,  of  the  lonely  defer  t,  the  herds 
which  know  no  mailer’s  flail,  may  neverthelefs  expe- 
rience the  care  of  an  all-fupporting  parent. 

“ How  wonderful  ! That  pendant  lakes  fhould  be* 
diffused,  fluid  mountains  heaped  over  our  heads,  and 
both  fuftained  in  the  thinneil  part  of  the  atmofphere.. 
How  furpriiing  is  the  expedient  which  without  veflels 
of  (lone  or  brafs,  keeps  fuch  loads  of  water  in  a buoy- 
ant ftate  ? Job  considered  this  with  holy  admiration. 
u Doft  thou  know  the  balancing  of  the  clouds  ?”  How 
fiich  ponderous  bodies  are  made  to  hang  in  even  poife,, 
and  hover  like  the  lighted  down  i “ He  bindeth  up  the 
waters  in  his  thick  cloud  and  the  cloud,  though  no- 
thing is  more  loofe  and:  fluid,  becaufe  by  his  order  te- 
nacious, as  cafks  of  iron,  is  not  rent  under  all  the 
weight.  % V 

w When  the  fluices  are  opened  and  the  waters  de— 
fcend,  one  would  think  they  ihould  pour  down  in  tor- 
rents.. Whereas  indead  of  this,  which  would  be  infi- 
nitely pernicious,  they  coaleice  into  globules,  and  are 
.difpenfed  in  gentle  (bowers.  They  fpread  themfelves, 
as  if  drained  through  the  orifices  of  the  fined  watering-* 
pots,  and  form  thofe  fmall  drops  of*  rain  which  the 
clouds  diftil  upon  man  abundantly.  Thus  indead  of 
drowning  the  earth,  and  fweeping  away  its  fruits,  they 
cherifh  univerfal  nature,  and  (like  their  great  mafterjb* 
didribute  their  dores,  to  men,  animals,  and,  vegeta- 
bles, as  they  are  able  to  bear  them. 

, “ But  befide  waters,  here  are  cantoned  various  par- 

ties of  winds,  mild  or  fierce,  gentle  or  boiderous,  fur- 
ntflied  with,  breezy  wings,,  to  fan  the  glowing  firma- 
ment,. 
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ment,  or  elfe  fitted  to  adt  as  an  uiverfal  befom,  and 
by  fweeping  the  chambers  of  the  atmofphere  to  cleanfe 
the  fine  aereal  fluid.  Without  this  wholefome  agency 
of  the  winds,  the  air  would  ftagnate  and  become  pu- 
trid: fo  that  all  the  great  cities  in  the  world,  inftead 
of  being  feats  of  elegance,  would  degenerate  into 
finks  of  corruption.  y 

“ At  fea,  the  winds  fwell  the  mariner’s  fails,  and 
fpeed  his  courfe  along  the  watery  way.  By  land  they 
perform  , the  office  of  an  immenfe  feeds-man,  fcattering 
abroad  the  feeds  of  numberlefs  plants,  which,  though 
the  fupport  of  many  animals,,  are  too  fmall  for  the  ma- 
nagement, or  too  mean  for  the  attention  of  man. 

t(  Here  are  lightnings  Rationed,  in  a <fl  to  fpring 
whenever  thefr  piercing  flafh  is  neceffary,  either  to  de~ 
ftroy  the  fulphureous  vapours,  or.  diflodge  any  other 
noxious  matter,  which  might  prejudice  the  dedicate 
temperature  of  the  ether,  and  ohfcure  its  more  thau 
cryfialline  tranfparency.  * . 

s - <.  f 

w Above  all  is  fituate  a radiant  and  majeftic  orb*, 
which  enlightens  ar>d  cheers  the  inhabitants  of  the* 
earth  : while  the  air,  by  a Angular  addrefs,,  amplifies" 
its  ufefulnefs.  Its  refledting  power  augments  that  heat, 
which  is  the  life  of  nature : its  refracting  power  pro- 
longs that  fplendor,  which  is  the  beauty  of  the  crea- 
tion. 

ct  I fay,  augments  the  heat.  For  the  air  is  a cover 
which,  without  oppreffing  us  with  any  perceivable 
weight,  confines,  refledts,  and  thereby  increafes  the* 
vivifying  heat  of  the  fun.  The  air  increafes  this,  much, 
in  the  fame  maimer  as  our  clothes  give  additional  heat 
to  our  body  : whereas  when  it  is  lefs  in  quantity,  when 
it  is  attenuated,  the  folar  heat  is  very  fenfibly  dimi- 
nifhed.  _ Travellers  on  the  lofty  mountains  of  Ame- 
rica, fometimes  experience  this  to  their  coft . Though 
the  clinpe  at  the  foot  of  thofe  vaft  mountains,  is  ex- 
tremely hot  and  fultry,  yet  at  the  top  the  cold  is  fo  ex- 
ceffive,  as  often  to  freeze  both  the  horfe  'and  rider 
to  death.  We  have  -therefore  great  reafon  to  praife 

. ...  God, 


God,  for  placing  us  in  the  commodious  concavity,  the 
cheriftiing  wings  of  an  atmofphere. 

“ The  emanations  of  light,  though  formed  of  in- 
a&ive  matter,  yet  (aftonifhing  power  of  divine  wif- 
dom  ! ) are  refined  almoft  to  the  fubtlety  of  fpirit,  and 
are  fcarce  inferior  even  to  thought  in  fpeed.  By  which 
means  they  fpread  with  almoft  inftantaneous  fwiftnefs, 
through  a whole  hemifphere:  and  though  they  fill 
whatever  they  pervade,  yet  they  ftraiten  no  place,  em- 
barrafs  no  one,  incumber  nothing.  ■ 

\ 4 v " . 

€i  Every  where  indeed,  and  in  every  element  we 
may  difcem  the  footfteps  of  the  Creator’s  wifdom* 
The  fpacious  canopy  over  our  heads  is  painted  with 
blue  ; and  the  ample  carpet  under  our  feet  is  tinged 
with  green.  Thefe  colours,  by  their  foft  and  cheering 
qualities,  yield  a perpetual  refrefhment  t©  the  eye. 
Whereas  had  the  face  of  nature  glittered  with  white,  or 
glowed  with  fcarlet,  fuch  dazzling  hues*  inftead  of 
cheering,  would  have  fatigued  the  fight.  Befides,  as 
the  feveral  brighter  colours  are  interfperfed,  and  form 
the  pidlures  in  this  magnificent  piece,  the  green  and  the 
blue  make  an  admirable  ground,  which  ftiewsthem  all 
to  the  utmoft  advantage. 

“ Had  the  air  been  much  grofler,  it  would  have 
dimmed  the  rays  of  the  fun  and  darkened  the  day* 
Our  lungs  would  have  been  clogged  in  their  vital  func- 
tion, and  men  drowned  or  fuffbcated  therein.  Were 
it  much  more  fubtle,  birds  would  not  be  able  to  wing 
their  way  through  the  firmament : neither  could  the 
clouds  be  fuftained,  in  fo  thin  an  atmofphere.  It  would 
elude  likewife  the  organs  of  refpiration:  we  fhould 
gafp  for  breath  with  as  much  difficulty,  and  as  little 
fuccefs  as  fifties  do,  when  out  of  their  native  element* 

««  The  ground  alfo  is  wrought  into  the  moft  proper 
temperature.  Was  it  of  a firmer  confiftence  it  would 
be  impenetrable  to  the  plough  and  unmanageable  by 
the  fpadd.  Was  it  of  a more  loole  compofition,  it 
would  be  incapable  of  fupporting  its  own  furniture. 
The  light  mould  • would  be  fwept  away  by  whirling 
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■winds,  or  foaked  into  floughsby  the  defcending  rains. 
Again,  becaufe  every  place  fuits  not  every  plant,  Mk 
that  which  nourilhes  one,  deftroys  another  : the  qua- 
lities of  the  earth  are  fo  abundantly  diverfified  as  to 
accommodate  every  fpecies.  We  have  a variety  of  in- 
termediate foils,  from  the  loofe  fand  to  the  ftiff  clay: 
from  the  rough  projection  of  the  craggy  rock,  to  the 
foft  bed  of  the  fmooth  parterre. 

y ^ s , i ' ' if \ * 

“ The  fea  carries  equal  evidences  of  a moft  wife 
and  gracious  ordination.  Was  it  larger,  we  fhould 
have  wanted  land  for  .pafturage  and  hufbandry.  We 
, fhould  not  have  had  room  for  mines  and  forefts,  our 
fubterranean  warehoufes  and  aereal  timber-yards.  Was 
it  fmaller,  it  could  not  recruit  the  fey  with  a proper 
quantity  of  exhalations : nor  fupply  the  earth  with  the 
neceffary  quota  of  fru&ifying  Ihowers. 

€(  May  we  not  difcover-as  exquifite  ftrokes  of  wif- 
dom  in  each  individual  objefl:  ? All  that  fhines  in  the 
heavens,  and  all  that  fmiles  on  the  earth,  fpeak  their 
infinitely  wife  Creator.  Need  we  launch  into  the  praife  of 
the  vallies  clothed  with  grafs,  or  of  the  fields  r^pleniflied 
with  corn  ? Even  the  ragged  rocks,  which  frown  over 
the  flood,  the  caverned  quarries  which  yawn  amidfl: 
the  land,  together  with  the  fhapelefs  and  enormous 
mountains,  which  feem  to  load  the  ground,  and  en- 
cumber the  feies ; even  thefe  contribute  to  increafe  the 
general  pleafure,  and  augment  the  general  ufefulnefs. 
They  add  new  charms  to  the  wide  level  of  our  plains, 
and  fhelter,  like  a fcreen  the  warm  lap  of  our  vales. 

<(  Who  is  not  charmed  with  the  delicious  fruits  of 
fummer  and  autumn  ? But  were  all  our  trees  and 
fhrubs  to  produce  fuch  fruits,  what  would  become  of 
the  birds  ? How  fmall  a part  would  voracious  man 
refign  to  their  enjoyment  ? To  provide  therefore  for 
each  vagrant  of  the  air,  as  well  as  for  the  fovereign 
of  a nation,  there  is  in  all  places  a large  growth  of 
fhrubs  annually  covered  with  coarfe  and  hardy  berries : 
fo  courfe  in  their  tafte,  that  they  are  unworthy  of  the 
acceptance  of  man  : fo  hardy  in  their  make,  that  they 
endure  the  utmoft  feverity  of  the  weather,  and  furnife 
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the  feathered  tribes  with  a Handing  repaft  amidft  all 
ttfae  deflations  of  winter. 

“ The  fir,  the  beech,  the  elm,  are  (lately  decora- 
tions of  our  rural  feats.  But  if  there  were  no  entang- 
ling thickets,  no  prickly  thorns,  where  would  the  far- 
mer procure  fences  ? How  could  he  fecure  his  vege- 
table wealth,  from  the  flocks  and  the  herds  ? Thofe 
roving  plunderers,  which  fubmit  to  no  laws,  but  thofe 
of  the  coercive  kind.  ' _ ' 


I 


11  We  fpare  no  toil,  to  have  ufeful  herbs  and  plants 
in  our  gardens,  and  upon  our  tables.  But  there  are 
innumerable  herbs,  which  pafs  under  the  contempti- 
ble character  of  weeds,  and  yet  are  full  as  defirable 
to  other  clafles  of  creatures,  as  thefe  are  to  mankind* 

Yet  who  will  be  at  the  pains  to  plant,  to  water,  to  cul- 
tivate, fuch  defpicable  productions  ? Man  would  ra- 
ther extirpate  than  propagate,  thefe  incumbrances  of 
his  land.  * Therefore  Providence  vouchfafes  to  be  their 
gardener,  and  has  wrought  off  their  feeds  with  fuch  a 
iightnefs,  that  they  are  tranfported  to  and  fro,  by  the  . 
mere  undulations  of  the  air.  Qr,  if  too  heavy,  to  be 
wafted  by  the  breeze,  they  are  fattened  to  wings  of. 
down  2 or  elfe  inclofed  in  a fpringy  cafe,  which  forci- 
bly burfting,  (hoots  them  out  on  every  fide.  By  fome 
fuch  means,  the  reproducing  principle,  of  every  one 
is  difleminated,  the  univerfal  granary  filled,  and  the 
univerfal  board  furniftied.  The  buzzing  infeCt  and  the 
creeping  worm,  have  each  his  bill  of  fare.  Each  en- 
joys a never-failing  treat,  equivalent  to  our  greateft  de- 
licacies. 

“ If  grafs  was  fcarce  as  the  Guemfey-lilly,  and  as 
difficultly  raifed  as  the  T uberofe,  how  certainly,  and 
; how  fpeedily,  mutt  many  millions  of  animals  perifli 
by  famine  ? But  as  all  the  cattle  owe  their  chief  fub- 
fiftence  to  this,  by  a fingular  wifdom  in  the  divine  (eco- 
nomy, it  waiteth  not  like  the  corn  field,  and  the  gar- 
den-bed, for  the  annual  labours  of  man.  When  once 
fown,  though  ever  fo  frequently  cropt,  it  revives  with 
the  returning  feafon.  With  a kind  of  perennial  ver-^ 
dure,  it  cavers  our  meadows,,  diffufes.  itfelf  over  the 
...  . plains,.  . , 
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plains,  fprings  up  in  every  glade  of  the  forefl,  and 
fpreads  a fide-board  in  the  moft  fequeftered  nook.  ♦ 

“ Such  is  the  care  of  a wife  and  condefcending 
Providence,  even  over  thefe  loweft  formations  of  na- 
ture !” 
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Of  the  System  of  the  World. 

> > ...  '%  % * 

1 . The  General  Phenomena  of  the  Sun  and  Moon* 

2.  Of  Mercury  and  Venus . 

3.  Of  the  other  Planets . 

4.  Of  the  Comets  and  fxed  Stars • 

5.  The  Ptolemaic  Syftem • 

6.  The  Copernican . 

7.  The  Syftem  of  Tycho  Brache . 

8.  The  Hutchinfonian  Syftem. 

9.  Advantages  from  the  Rotation  of  the  Earth . 

1.  r T AVING  confidered  the  earth,  with  the  bodies 
X 1 that  are  therein,  let  us  now  look  up  to  thefe 
that  furround  it.  The  world  is  a congeries  of  innu- 
- ■ merable 
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merable  bodies,  many  of  which  are  fuppofed  to  equal 
or  exceed  the  fize  of  the  earth  : yet  by  reafon  of  their  , 
diftance,  mod  of  them  are  invifible  to  the  naked  eye. 

The  neareft  to  us  is  the  moon,  which  moves  round 
the  earth  in  fomething  more  than  twenty-eight  days 
from  weft  to  eaft.  The  fun  likewife  feems  to  move 
from  eaft  to  weft,  and  fhines  fucceffively  on  all  parts 
* of  the  globe.  It  appears  alfo  to  us  to  move  every  year 
obliquely  from  weft  to  eaft,  coming  twenty-three  de- 
grees and  a half  to  the  north,  and  then  going  juft  as 
far  to  the  fouth. 

- - / ' - . 

2.  Some  of  the  ftars  keep  always  the  fame  diftance, 
with  refpeft  to  each  other  and  are  termed  fixed.  Others 
are  continually  changing  their  fituation,  whence  they 
are  termed  planets.  Two  of  thefe,  mercury  and  venus, 
are  frequently  between  the  earth  and  the  fun  s of  which 
the  former  being  generally  hid  by  the  rays  of  the  fun, 
is  feldom  vifible : but  venus,  commonly  called  the 
evening  ftar,  is  very  confpicuous.  The  earth  is  never 
between  them  and  the  fun.  They  are  fometimes  be- 
tween us  and  him.  Sometimes  the  fun  is  interpofed 
between  us  and  them.. 

( 

3.  The  upper  planets  are  mars,  jupiter,  and  faturn. 

The  fun  is  fometimes  between  thefe  and  the  earth.  But 
none  of  them  is  ever  interpofed  between  the  earth  and 
the  fun.  Mars  has  different  appearances,  like  the  moon, 

as  it  is  differently  fityated,  with  regard  to  the  fun  : ^ 

whereas  jupiter  and  faturn  always  appear  wTith  the  fame 
afpett,  and  have  fmaller  planets  revolving  round  them. 

All  thefe  revolve  round  the  fun,  in  their  feveral  ftated 
periods. 

< ‘ $ . . X - ' ""  • /. 

4.  Befide  thefe,  there  is  another  kind  of  ftars  called 
comets,  vulgarly  blazing  ftars.  Thefe  do  not  revolve 
round  the  fun  in  fo  regular  orbits  as  the  planets.  The 
fixed  ftars  are  above  thefe : about  2200  are  vifible  to 
the  naked  eye.  Thefe  have  a vivid  light,  and  always 
appear  with  the  fame  face  towards  us : they  feem  to 
have  a twofold  motion,  a flow  one  from  eaft  to  weft 
in  a year,  and  a fvvift  one  round  the  earth  with  all  the 

other  , 
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other  ftars  in  four  and  twenty  hours.  But  there  are 
fome  of  them  which  never  fet,  namely  thofe  near  the 
north  or  fouth  pole. 

I c . N • - 

5.  To  explain  thefe  phenomena  of  the  heavenly 
bodies,  various  fyftems  have  been  invented.  The 
Ptolemaic,  fuppofes  the  earth  to  be  fixed  in  the  centre 
of  the  univerfe,  round  which/all  the  heavenly  bodies 
move,  each  affixed  to  a folid  fphere  which  moves  with 
it : firft  the  moon,  then  mercury,  thirdly  venus,  next 
the  fun,  fifthly  mars,  'then  Jupiter,  feventhly  fatum.  ^ 

I In  the  eighth  place  is  the  firmament  or vfphere  of  fixed 

ftars;  then  the  cryftalline  heaven,  and  laft  of  all  the 
primum  mobile,  which  is  fuppofed  to  move  from  eaft 
to  weft  in  twenty-four  hours,  whirling  all  the  other 
fpheres  with  it.  But  this  fyftem  being  in  fomerefpedts 
obvioufly  falfe,  in  others  utterly  improbable,  and  like- 
wife  mfufficient  to  account  for  many  phenomena,  is 
now  univerfally  exploded.  r 

6.  In  the  room  of  this,  the  Copernican  fyftem  is  now 
generally  received,  which  fuppofes  the  fun,  to  be  fixed 
in  the  centre,  without  any  other  motion,  than  that 
round  his  own  axis.  Next  him  is  mercury,  then  venus, 
thirdly  the  earth,  (round  which  the  moon  revolves) 

• above  the  earth,  mars,  then  jupiter,  and  fatum,  with 
their  attendant  moons.  This  fyftem  is  extremely  Am- 
ple and  natural,  and  eafily  accounts  for  moft  pheno- 
mena. As  to  the  objection,  that  it  is  contrary  to  the 
teftimony  of  our  fenfes,  it  is  eafily  anfwered.  They 
who  are  in  a fhip  feem  :o  fee  the  ftiore  and  the  land 
moving  along,  although  it  is  really  the  (hip  that  moves. 

' Yet  let  it  move  ever  fo  fwiftly,  it  difplaces  nothing, 
provided  it  move  fmoothly.  So  neither  does  the  mo- 
tion of  the  earth  difplace  any  thing  on  its  furface,  be- 
4 caufe  it  is  equable  and  regular. . ■ 

Not  that  Copernicus  was  the  inventor  of  this  fyftem. 
It  was  in  great  part  known  long  ago.  Pythagoras 
taught,  “ that  the  earth  was  carried  about  the  fun 
among  the  ftars,  and  by  turning  round  its  axis,  caufed 
day  and  night.”  Yet  by  degrees  it  funk  into  oblivion, 
till  it  was  revived  by  Cardinal  Cufa.  However,  the 
Ptolemaic  fyftem  ftill  prevailed,  till  Nicholas  Coper- 
< nicus, 
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incus,  a canon  of  Thorn,  in  Polifli  Pruffia,  bom  In  the 
year  1473,  had  refolution  to  examine  it  thoroughly, 
and  learning  enough  to  explain  and  defend  it.  Some 
of  the  reafons  on  which  this  fyftem  is  founded  are, 

1.  This  is  moft  fimple  and  agreeable  to  the  whole  te- 
nure of  nature : for  by  the  two  motions  of  the  earth 
all  the  phenomena  of  the  heavens  are  refolved,  which 
on  any  of  the  other  hypothefes  are  utterly  inexplicable. 

2.  It  is  more  rational  to  fuppofe  the  earth  moves  round 
the  fun,  than  that  the  huge  bodies  of  the  planets  and 
of  the  fun  itfelf,  and  the  immenfe  firmament  of  ftars, 
Ihould  all  move  round  the  inconfiderable  body  of  earth 
every  four  and  twenty  hours.  3.  The  earth’s  moving 
round  the  fun  is  agreeable  to  that  general  harmony 
and  univerfal  law,  which  all  other  moving  bodies  of 
the  fyftem  obferve,  namely,  that  the  fquares  of  the 
periodical  times  are  as  the  cubes  of  the  diftances.  But 
if  the  fun  move  round  the  earth,  that  law  is  deftroyed, 
and  the  general  order  and  fymmetry  of  nature  inter- 
rupted ; becaufe  according  to  that  law  the  fun  would 
be  fo  far  from  revolving  about  the  earth  in  365  days, 
that  it  would  require  not  lefsthan  51 GS  years,  to  finifh 
one  revolution.  4.  The  fun  is  the  fountain  of  light 
and  heat,  which  it  darts  through  the  whole  fyftem,  and' 
therefore  it  ought  to  be  placed,  as  the  heart  in  the  cen- 
tre, that  fo  all  the  planets  may  at  all  times,  have  them, 
in  an  uniform  and  equal  manner.  5.  If  the  fun  be 
placed  in  the  centre  of  the  fyftem,  we  have  then  the 
rational  hvpothefis  of  the  planets  being  all  moved 
about  the  fun,  by  the  univerfal  law  of  gravity : and 
every  thing  will  anfwer  to  that  law  ; but  otherwife  we 
are  wholly  in  the  dark.  6.  But  we  need  not  rely  upon 
conjedures.  We  have  demonftrative  proofs,  that'  the 
fun  pofleffes  the  centre,  and  that  the  planets  mpve  round 
it,  in  the  order  above  mentioned.  For  example.  Mer- 
cury and  Venus  are  ever  obferved  to  have  two  conjunc- 
tions with  the  fun,  but  no  oppofition,  which  could- not 
happen  unlefs  the  orbits  of  thofe  planets  lay  within  the 
orbit  of  the  earth.  And  in  the  fame  manner  it  may 
be  demonftrated,  that  the  orbits  of  mars,  jupiter,  and 
faturn  lie  without  the  orbit  of  the  earth. 

• *'* 

7*  After  Copernicus  came  Tycho  Brache,  a noble 

Dane, 
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Dane,  who.  endeavoured  to  compound  a fyftem  of  the 
Ptolemaic  and  Gopernican  put  together;  but  it  was 
quickly  found  by  all  unprejudiced  judges  to  be  fo  in- 
tricate and  peplexed,  that  it  had  not  many  affertors 
even  while  he  lived,  and  is  now  well  nigh  funk  into  ob- 
livion. 


8.  Mr.  Hutchinfon  (not  the  profeffor  of  Glafgow, 
but  a private  Englilh  gentleman)  fuppofes  the  confti- 
tuent  parts  of  heaven  to  be,  1.  The  darkneis  or  dark 
air,  which  is  no  other  than  the  fine  ether  in  a date  of 
ftagnation  : 2.  The  fpirit,  or  the  air  in  a fenfible  mo- 
tion: 3.  The  light,  the  fineft  part  of  the  heavens,  the 
pure  ether  in  motion  : 4.  The  luminaries  and  the  fluxes. 
Underftand  by  the  luminaries,  the  bodies  of  the  fun, 
moon,  and  ftars  : by. their  fluxes  the  flow  of  light  that 
comes  from  each  of  them.  Revelation  conftantly  dif- 
tinguifhes  thefe.  Therefore  it  is  very  improper  for  us 
to  confound  them  together.  Indeed  every  one  knows, 
that  though  the  bodies  of  the  fun,  moon,  and  ftars, 
take  up  but  a fmall  part  of  the  heavens,  yet  the  fluxes 
of  light  from  them  diffufe  themfelves  throughout  all 
nature. 

The  fpringing  forth  of  the  folar  light  caufes  the 
morning ; its  going  off  the  evening.  Its  being  inter- 
cepted by  the  body  of  the  earth  caufes  night ; its  fhin- 
ing  caufes  day.  It  a&s  in  a mechanical  way,  and 
is  part  of  the  great  machine  of  nature.  It  is  in 
continual  motion  to  and  from  the  body  of  the  fun : 
going  out  from  the  centre  to  the  circumference  of 
the  heavens,  and  returning  to  the  centre  again.  The 
folar  light,  along  with  the  fpirit,  which  continually 
attends  it,  is  the  caufe  of  the  regular  returns  of  morn- 
ing and  evening,  fummer  and  winter.  The  fpirit  and 
light  are  properly  the  agent,  and  the  earth  only  the 
patient.  Its  motion  round  its  axis,  and  round  the  fun, 
and  its  inclining  northward  and  fouthward  at  different 
times,  are  all  produced  by  the  adlion  of  the  light  going 
outward,  and  the  fpirit  returning  inward.  5.  The 
denfities,  which  form  the  extremity  of  the  whole  fyf- 
tem of  nature  ; the  denfe,  grofs  air,  out  of  which  the 
fine  ether  is  extracted,  and  into  which  it  returns.  The 
heavens  will  naturally  be  groffer  and  groffer,  the  far- 
ther 
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ther  from  the  fun,  till  perhaps  at  the  utmoft  extremity, 
they  are  condenfed  into  an  immoveable  folid. 

Thefe  are  the  conftituent  parts  of  the  heavens.  And 
hence  we  have  reafon  to  conceive,  that  all  thefe  parts, 

(the  fun,  moon  and  ftars  excepted)  are  no  other  than 
the  different  ftates  into  which  the  ethereal  fluid  does  or 
may  pafs.  For  the  darknefs  is  the  fine  atoms  of  the 
heaven  in  a ftate  of  inactivity.  The  fpirit  is  the  grof- 
fer  parts  of  the  heavens  or  maffes  compreffed  together  ; 
while  the  light  is  the  atoms  or  fineft  part  of  the  ether 
in  fwift  motion.  At  the  centre,  the  commotion  is 
greateft,  and  gradually  decreafes  towards  the  circum- 
ference, where  the  ether  is  very  much  condenfed,  and 
this  is  called  the  denfity. 

He  farther  fuppofes,  that  the  fun  is  the  centre  of  the 
whole  univerfe  ; that  the  fixed  ftars  are  all  placed  in  the  - 
denfity,  not  far  from  each  other,  and  abundantly 
nearer  the  earth,  than  common  aftronomers  imagine, 
and  that  their  ufe  is  not  to  perform  the  office  of  funs  to 
other  planets,  but  to  aflift  in  that  cold  region,  to  fupply 
in  fome  degree,  the  want  of  the  folar  fire. 

r > ' ' 4 * 
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Perhaps  it  may  not  be  unacceptable  to  the  ferious 
reader,  to  give  a more  particular  account  of  this  inge-  - 
nious  hypothefis,  in  the  words  of  a late  writer.  The 
fum  of  what  Mr.  Hutchinfon  avers,  is,  That  befide 
the  differently  formed  particles  of  which  the  earth,  and 
the  feveral  folid  fubftances  in  it,  and  in  the  other  orbs, 
are  compofed  ; God  at  firft  created  all  that  fubtle  fluid 
which  now  is,  and  from  the  creation  has  been  in  the 
condition  of  fire,  light  or  air,  and  goes  under  the  name 

of  the  heavens.  - -if | 

The  particles  of  this  fluid  (which  he  calls  atoms) 
when  they  are  Angle  and  uncompounded,  are  incon- 
ceivably minute,  and  fo  fubtle  as  to  pervade  the  pores 
of  all  fubftances  whatever,  whether  folid  or  fluid. 

When  they  are  pufhed  forward  in  ftrait  lines,  by  the 
aftion  of  fire,  or  are  reflected  or  refracted  in  ftrait  lines, 
they  produce  light,  and  are  fo  called.  When  the  inter- 
pofition  of  opaque  bodies  hinders  their  progrefs  in  ftrait 
lines,  they  pafs,  but  ceafe  to  produce  light. 

Thefe  particles,  which  when  moving  in  ftrait  lines 
produce  light,  and  when  colle&ed  and  put  into  another 

fort 
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fort  of  motion,  prod  uce  fire,  when  the  force  impelling 
them  ceafes  to  ad  with  vigour,  and  when  their  motion  ' 
is  retarded,  cohere  in  fmall  maffes  or  grains,  which 
Mr.  Hutchinfon  calls  fpirit  or  air,  and  is  of  the  fame 
kind  and  texture,  with  that  air,  which  we  daily  breathe. 

- The  fun,,  fixed  at  the  centre  of  this  fyftem,  is  includ- 
ed in  a vaft  collection  of  this  fubtle  matter,  in  the  form 
of  fire,  which  continually  melts  down  all  the  air  that 
is  brought  into  it  from  all  parts  of  the  fyftem,  into 
atoms,  and  with  an  immenfe  force  fends  it  forth,  in' 
perpetual  ftreams  of  light,  to  the  circumference.  The 
whole  fpace  comprehended  within  this,  is  abfolutelf ; x 
full. 

The  matter  thus  melted  down  at  the  orb  of  the  fun, 
moves  outward  to  the  circumference,  and  being  forced 
by  the  particles  which  are  concreted  into  air  at  the  ut- 
moft  extremities,  returns  toward  the  fun,  where  the 
fluid,  being  moft  fubtle,  gives  leaft  refiftance,  and 
takes  up  the  place  that  the  light  left. 

And  therefore  this  uninterrupted  flux  of  matter  from, 
the  fun  in  light,  in  place  of  being  an  expence  which 
would  neceffaril^deftroy  that  orb  (an  infupportable  f 
objection,  Mr.  Hutchinfon  thinks,  to  Sir  Ifaac  New- 
ton’s fcheme,)  is  the  very  means  of  preferving  it,  and 
every  thing  elfe  in  this  fyftem,  in  its  a&ion  and  vigour, 
by  preflirig  back  perpetual  fupplies  of  air,  to  be  melted 
down  into  light,  which  produces  a continual  circulati- 
on. Thefe  perpetual  tides  of  matter  outwards  and  in- 
wards, in  every  point  from  the  centre  to  the  circumfe- 
rence, produce  that  conftant  gyration  in  the  earth,  and 
the  planets  round  their  own  centre,  and  round* the  fun, 

✓ . ' 

Befides  the  rotation  of  the  orbs,  the  adverfe  motion'  ‘ 
of  the  light  putting  toward  the  circumference,  and  the 
air  putting  toward  the  centre  with  immenfe -force, 
brings  that  compreffure  on  all  the  bodies  it  meets,  that 
binds  together  folids,  keeps  fluids  as  they  were,  caufes 
. • the  rifing  of  water,  the  production  of  vegetables  and 
animals,  and  in  ttort  produces  all  the  effects  ufually 
aferibed  to  gravitation  or  attraction  ; continues  moti- 
on without  the  afliftance  of  the  unmechanical  principle 
of  projection,  and  is  indeed  the  real  caufe  of  almoft  all 
the  effects  and  phenomena  in  nature. 
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As  immenfely  difFerent  as  thisiis,  •from  all  the  other 
fyftems  of  aftronomy,  very  probable  argumerits  are  al- 
ledged,  in,  confirmation  of  it.  And  more  than  probabili- 
ty, I doubt,  we  (hall  never  attain, with  regard  to  things 
at  fo  great  a difiance  from  us. 

c , / - ' . ' ^ 
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But  what  a.ftrange  difcovery  is  that,  which  has  been 
lately  communicated  by  an  eminent  profeSTor  to  .the 
Royal  Society  ? “ Having  carefully  examined,  the 

.modern  obfervations  of  tlie  fun,  with  thofe  of  fome 
, centuries  paft,  though.!  have  gone  no  farther  back  than 
the  fifteenth  century,  yet, I have  obferved  that  the  mo- 
tion of  the  fun,  (or  of  the  earth)  is  fenfibly  accelerated 
Since  tliqt  jimp,  fo  that  the-years  are  Shorter  now  than 
formerly.  The  reafon  of  this  is  very  natural.  For 
if  the  earth  in  its  motion  fuffers  fome  refiftance  (which' 
cannot  be  doubted,  finc.e  the  fpace  through  which  the 
planets  pafs,  is.  full  of  fome  Subtle  matter,  were  it  no 
other  than  light)  this  refiftance  will  gradually  bring 
the  planets  nearer  and  nearer  the  fuA.  And  as  their 
orbits  thereby  become  lefs,  fo  their  periodical  times 
trill  be  diminished.  Thus  in  time  the  earth  would 
come  wjthin  the  regions  of  .venus,  then  of  mercury, 
where  it  would  neceffarily  be  burnt.  Hence  it  is  ma- 
nifest, that  the  planetary  fyftem  cannot  laft  for  ever  in. 
its  prefent  ftate  : .as  alfo  that  this  fyftem  muft  have 
had  a beginning .;  otherwife  there  muft  have  been  a 
time  when  the  earth  was  at  the  distance  of  Saturn : . 
confequently  no  living  creature  could  fubfift  . there. 
This  then  is  a clear  proof,  that  the  world  in  its  prefent 
-Rate  had  a beginning,  and  muft  have  an  ertd. 

" We  maylikewife  find  reafon  to  think,  from  the  ac- 
tion of  jupiter  on  the  earth,  that  the  earth’s  revolution 
rouqd  its  axis,  continually  becomes  more  and  morp 
rapid.  For  the  force  of  jupiter  fo  .accelerates  the  mo- 
tion of  the  earth  round  the  lun,-  that  the  diminution  of 
■ the  years  would  be  fenfible,  if  the  diurnal  motion  had 
pot  been  accelerated  pearly  jn  the  fame  proportion. 

It  is  another  observation  of  aftronomers,  tha‘t  the 
lun  does  not  Shine  as  long  on  one  fide  the  line  as.on  the 
other:  that, he  ftays  longer  in  the  fix  northern  Signs, 
than  in  the  fix  Southern  : fo  much  longer,  as  .to  make 
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no  lefs  a.  difference,  than  that  of  nine  days.  How  is 
this  ? Did  the  earth  always  obvert  her  northern  heniif- 
phere  to  the  fun  fo  much  longer  than  the  fouthern  ? Or 
has  Ihe  gradually  warped  fo  much  to  one  fide,  in  a 
courfe  of  near  6000  years  i 


But  over  and  above  the  fun’s  motion  round  his  ow» 
axis,  in  25  days,  15  hours,  he  has  another  motion*. 
There  is  a certain  point,  which  is  the  true  or  common 
centre  of  all  the  planetary  motions,  not  quite  a femi- 
dlameter  of  the"  fun  diftant  from  its  centre.  About 
this  point,  the  fun  and  all  the  planets  move  ; but  in 
what  time  is  uncertain. 


9.  Let  us  confider  more  clofely,  the  advantages 
arifing  to  us  by  the  rotation  of  the  earth  about  its  own 
axis.  We  are  fo  made,  that  once  in  fixteen  or  twenty 
hours  at  moft,  we  require  a time  for  relaxation.  And 
generally  in  healthful  people  this  time  is  pretty  equal, 
between  fix  and  eight  hours.  The  ftorehoufes  of  our 
fpirits,  will  not  a permit  a longer  application  than 
twenty  hours,  without  injury  to  our  conftitutions. 
And  at  leaft  fix  hours  are  required  to  fill  them  again. 

It  was  likewife  neceffary  that  the  air  Ihould  be  cool 
and  temperate,  during  the  time  of  this  reft ; for  we 
generally  find  thofe  that  deep  while  the  fun  is'above 
the  horizon,  the  worfe  for  it,  the  fun  and  the  heat  ex- 
haling the  natural  perfpirations  too  violently,  and  raid- 
ing too  quick  a motion  in  the  blood.  And  though  we 
generally  perfpire  more  in  the  night,  yet  the  perfpira- 
tion  is  more  natural  and  lefs  violent,  and  more  accord- 
ing to  the  neceffities  of  our  conftitutions  m the  night' 
than  in  the  day.  Befides,  the  darknefs  is  lefs  fubjed  to 
noife  and  difturbance  than  the  day.  Now  all  thefe 
things  are  wonderfully  provided  for,  by  the  rotation  of 
the  earth  about  its  axis.  For  thereby  we  have  the  vi-. 
ciffitudes  of  day  and  night,  the  day  for  fpending  our 
fpirits,  the  night  to  recruit  them  j as  alfo  for  nourilh- 
ing  the  mufcles,  bones,  channels,  and  other  parts  of 
the  body  j for  the  bufinefs  of  nutrition  is  moftly,  if  not 
altogether,  performed  in  the  time  of  reft.  Likewife, 
how  comfortable  and  refrefliing  are  the  cool  breezes  of 
the  night ; and  the  trade-winds  to  thofe  that  live  un- 
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dir  the  equatorial  parts  f ■ Without  which*  life  would 
both  be  exceeding  ftort,  and  very  grievous. 

Thefe  winds,  are  the  meceflary  effeft  of  the  rotation 
of  the  earth  about  its  axis,  which  under  the  line  makes  . 
the  rays  of  the  fun  direct  and  equal  all  the  year  round ; 
fo  that  thefe  parts  being  conftantly  under  the  fun’s  in- 
fluence, his  heat  rarefies  ’©he  part  of  the  air,  and  the. 
cooler  and  heaveir  part  prefles  upon  the  hotter,  and  fo 
makes  a continual  wind  in  his  eourfe  from  eaft  to  weft.  > 

f ; ; • ' ' , 

Morever,  let  ps  reflect  upon  our  vegetables,  which 

are  the  fupport  of  animals ; the  .fun  rarefies  and  con- 
sequently raifes  the  fizy  vegetable  juices,  at  the  roots 
of  the  tender  feeds,  and  thereby  forces  the  folded 
branches  to  expand  and  enlarge.  Now,  were  the  fuu 
conftartly  fhining  upon  them  , thefe  juices  would  not  be 

- at  liberty  to  fettle^  and  conftilidate  in  the  fit  places  of 
die  branches  ; but  would  be  ftiil  rifing  higher  and 
higher,  till  at  laft  they  burft  the  canals ; whereas  by 
this  viciflitude  of  heat  and  cold,  what  is  raifed  in  the 
-day  time,  has  time  to  fettle  and  confolidate  in  the 
night.  Its  cold  turns-  the  thin  juices,  into  fizyfub- 
ftances,  whiefi  the  fupervening  heat,  by  exhaling  .the 
•watry  parts,  hardens  and  fixes.  On  the  other  hand, 
had  not  the  earth  moved  upon  its  axis,  but  only  turned 
round  the  fun  in  its  annual  period,  we  had  not  only 

- loft  all  thefe  advantages,  which  are  fo  neceflary  for 
both  animals  and  vegetables,  but  had  fuffered  alfo 
fpeh  inconveniences,  as  neither  of  thefe  could  poflibly 
hear.  For  near  half  the  year,  we  fhould  have -been 
in  perpetual  darknefs,  the  confequence  of  which  would 
have  been,  that  baleful  damps,  by  the  preceding  heat, 

fenerated  and  raifed,  would  have  fallen,  which  would 
ave  ftifled  all  animals.  Or  had  they  furvived  that, 
fnow,  ice,  and  froft,  would  not  only  have  locked  up 
all  fluids,  but  would  have  froze  the  blood  and  fpirits 
in  the  channels  of  all  the  animals  we  are  acquainted 
with. 

» . . . 

Again,  in  the  enlightened  half  of  the  year,  we 
Ihoufd  have  had  huge  ■deluges  of  water,  from  the  pre- 
ceding {{tow,  which  likewise  would  have  produced  fuf- 
focating  milts.  Next,  all  our  ground  would  have 
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turned  into  a ftiff,  {linking  puddle,  being  in  a manner 
diffolved  by  the  fnow  water.  - Then  would  fultry  heats 
and  a burning  air,  have  fcOrched,  and  chopped  the 
earth,  and  galled  the  animal  tribes,  fo  that  they  Would 
have  found  reft,  neither  in  houfes  nor  dens,  till  at  laft, 
the  blood  and  fpirit  of  all  the  animals  of  our  globe. 
Would  be  quite  exhaled,  or  by  the  violent  agitation 

thereof,  they  would  turn  delirious. 

/ . ' * - . . * . % 

* X / , 

Upon  all  thefe  accounts,  the  rotation  of  the  earth, 
about  her  axis,  is  ,ofle  of  the  moft  fignal  inftances  of 
Divine  Wifdom. . 
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Of  the  Heavenly  Bodies  in  particular. 
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10.  The  jixed  Start. 

11.  Rejteftions.  1 , 

1 2.  Doubts  concerning  the  modern  Agronomy.  • 

1.  rpHE  very  fame  effefls  which  we  obferve  dally 
X iu  fire,  we  obferve  alfo  in  the  fun.  It  fhines, 
it  warms,  it  burns.  Viewed  with  a telefcope  it  ap- 
pears like  an  ocean  of  fire  or  melted  metal;  Hence 
many  fuppofe,  that  the  fpots  appearing  thereon  and 
changing  continually,  are  as  it  were  the  drofs  and 
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feum  of  that  metal,  which  it  throws  out  from  time  to 
time.  But  it,  is  more  probable,  fome  of  thofe  fpots  are 
clouds,  formed  out  of  the  folar  exhalations.  And  if 
exhalations  rife  out  of  his  body,  and  are  fufpended  at 
a certain  height  from  it,  then  the  fun  mud  be  encom- 
paifed  with  a fluid,  analogous  to  our  atmofphere. 
Some  of  thefe  fpots  diflolve  and  difappear,  in  the  very 
middle  of  the  fun’s  difk : that  is,  the  exhalations  fome* 
times  rife,  fometimes  fall  back  to  the  fun. 

But  there  is  another  kind  of  fpcts  which  regularly 
revolve,  once  in  feven  and  twenty  days.  Or  to  fpeak 
more  properly,  the  fun  himfelf  revolves  nearly  in  that' 
time,  round  his  own  axis,  together  with  his  atmof- 
phere. 

But  over  and  above  this  motion  on  his  own  axis, 
**  We  are  not  fure,  fays  Mr.  Huygens,  whether  the 
fun  be  a folid  or  liquid  globe.  I rather  think  it  liquid, 
which  the  equal  diftribution  of  his  light  t©  all  parts  is 
an  argument  for.  That  very  fmall  inequality  on  his 
furface,  difcovered  by  the  telefcope,  which  has  made 
fome  men  imagine  they  faw  huge  mountains  of  fire,  is 
entirely  owing  to  the  trembling  motion  of  the  vapours 
our  atmofphere  is  full  of,  particularly  near  the  earth. 
And  this  is  likewife  the  caufe  of  the  ftars  twinkling. 

“ The  dark  fpots  in  the  fun  I have  often  feen : but 
thofe  bright  fpots  of  which  many  fpeak,  I never  was 
able  to  difcover : fo  that  I cannot  but  doubt  of;  their 
exiftence.  Nor  do  I apprehend  there  is  any  thing  in  or 
upon  the  fun,  brighter  than  the  fun  itfelf.  Indeed  it 
is  not  pretended  that  thefe  bright  fpots  are  ally  where, 
but  juft  about  the  dark  ones.  And  it  is  no  wonder, 
the  parts  which  are  near  the  dark,  Ihould  appear  fome- 
what  brighter  than  the  reft.” 

And  hence  it  is,  that  thofe  fpots  being  viewed  ob- 
liquely, near  the  edge  of  the  fun,  appear  narrow  and 
oblong.  He  is  fuppofed  to  be  abundantly  larger  than 
the  earth.  When  the  moon  pafles  between  the  earth 
and,  the  fun,  fo  as  to  intercept  his  rays,  he  is  faid  to  be 
eclipfed.  This  happens  only  at  the  time  of  the  new 
moon,  becaufe  it  is  then  only  fhe  pafles  between  the 
Ihn  and  the  earth.  Yet  not  at  every  new  moon,  be-  < 
caufe  fhe  gehe:  ally  declines  either  to  the  north  or  fouth. 

• ' " . / *4 
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No  folar  eclipfe  can  be  uhtverfal,  the  moon  Weirig 
too  little’  to  overlhadow  the  whole  eatthi  Nor  does 
any  eclipfe  appear  the  fame  itt  all  places,-  but  Is  total 
in  one,  and  partial  in  another.  In  moft  folar  eclipfes, 
the  moon  is  covered  with  a faint,  dawning  light,  which 
is  owing  to  the  reflection' of  the  light  from  the  illumi- 
nated parts  of  the  earthi  In  total  eclipfes  the  moon's 
edge  is  feen  furrounded’ by  a- pale  Circle  of  light,  which 
is  at  lead  a probable  indication  of  a lunar  atmofphere. 

When  the'  earth  is  interpofed  between  the  moorf  and 
the  fun,  then  the  ntoort  is  eclipfed.  This  is  only  at' 
the  time  of  the  full  moon.-  Even  in  the  m'tdft  of  the 
feclipfe,  the  moon  has  a faint  light  which  is  reflected  by 
the  atmofphere  of  the  earth:  And--  to  the  fhadow  of 

this  it  is  owing,  that  Ihe  grows  paler  and  dimer,  be-- 
fore  (he  enters  into  the  ihadow*  of  the  earth. 

' . . . • - \ ’ 

% The  planet  neared  to  the  fun  is  mercury,  which 
is  the  fmalled  of  all,  fuppofed  to  be  twelve  times  lefs 
than  the  earth.  It  moves  round  the  fun  in  about  three 
months;  and  is  believed  to  be  the  mod  denfe  of  all  the 
heavenly  bodies.  It  fometimes  moves  between  the 
earth  and  the  fun.  And*  from  its  various  appearances 
we  may  certainly  infer;  that  it  has  no  light  of  its  own, 

but  fhines  by-  reflection  onl  y. 

- ' < ' » ' 

3.  The^next  to  merctiry  rs  venus,  whofe  appearances 
likewife  change  in  the  fame  manner  as  the  moon’s.  * It 
is  fuppofed  to  ‘ be  fomething  lefs  than  the  earth,  and: 
completes'  its  period  round  the  fun,  in  nearly  feven 
months.*  'From  its  fituation  we'  may  judge,  it  is 
more  denfe  than  the  earth, - but  more  rare-  than  mer- 
cury.' 

4.  Next  .to  venus  is  the  earth,- whieh  moves  round, 
its  own  axis  from  weft  to  eaft  in  twenty-four  hours, 
and'  round  the  fun  in  three  hundred  and  fixty-five  days, 
five  hours  and  near  forty-nine  minutes. 

The  difference  -of  feafons,  as  well  as  the  different 
degrees  of  heat  and  cold,  depend  on  the  different  po- 
fitions  of  the  earth  with  refpeft  to  the  fun.  The  natu* 
ral  ftate  of  thisglobe  feems  to  be  what  we  call  tempe- 
rate. This  is  what  fecures  fprings  and  other  bodies 
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from  being  frozen.  But  the  obliquity  and  perpendi- 
cularity with  which  the  rays  of  the  fun  fall  on  the  air, 
are  varying  continually,  according  to  which  the 
warmth  of  the  air  is  continually  leffening  or  increafing. 

„ Like  wife  the  continuance  of  the  fun’s  prefence,  with 
the  flownefs  of  his  motion,  naturally  increafe  heat : 
as  his  abfence  and  the  fwiftnefs  of  his  motion,  natu- 
rally increafe  cold.  Yet  this  rule  does  not  always 
hold.  There  are  many  accidents  that  prevent  it : fuch 
as  the  fituation  of  hills,  and  the  declivity  of  land,  to- 
wards the  north  or  fouth.  Clouds  alfo  fometimes  re- 
flect heat,  and  water-clouds  cool  the  air.  South  or 
fouth-weft  winds,  if  without  rain,  increafe  warmth  ; 
eaft  or  northerly  winds  occafion  cold.  Whenever 
fmooth  water  refledis  the  fun’s  rays,  it  much  increafes 
heat.  And  indeed  all  fmooth  bodies  which  refledl  light, 
reflect  heat  along  with  itj,  and  that  more  or  lefs,  ac- 
cording to  the  clofenefs  of  the  pores,  and  the  extent, 
convexity,  or  concavity  of  their  furface. 

All  parts  of  the  earth  enjoy  nearly  the  fame  quan- 
tity of  the  fun’s  prefence  in  the  fame  fpace  of  a year. 
And  yet  how  widely  different  is  the  quantity  of  heat,  • 
in  forne  from  that  in  others  ? But  it  is  not,  as  any  one 
would  imagine  greateft  under  the  line.  This  is  pre- 
vented by  the  fwiftnefs  of  his  motion.  For  the  nearer 
he  approaches  to  it,  the  fwifier  is  his  motion  from  eaft 
to  weft,  from  north  to  fouth,  and  from  fouth  to  north. 
He  paffes  feven  degrees,  from  three  and  a half  fouth 
latitude  to  three  and  a half  north,  in  eighteen  days : 
whereas  at  twenty  degrees  north  latitude,  he  fpends  a 
whole  month  in  going  three  degrees  and  a half,  and  ano-  • 
ther  month  in  returning:  fo  that  he  is  as  near  the  tro- 
pic for  fixty-feven  days,  as  he  was  to  the  line  for  eigh- 
teen. And  hence  the  heat  is  confideraBly  greater  un- 
der the  tropic,  than  it  is  under  the  line. 

5.  The  moon  moves  round  the  earth  in  about  twenty- 
eight  days,  and  with  the  earth  round  the  fun  in  a year. 
Yet  it  always  turns  nearly  the  fame  fide  to  the  earth, 
whence  we  always  obferve  the  fame  inequalities  m its 
' furface.  It  does  not  appear  that  fhe  moves  at  all  round 
her  oi^n  axis.  None  now  doubts  of  the  moon’s  being 
an  opaque  body:  and  the  fpots  and  unevenefTes>  which 
- • 1 . conftantly 

, , / . \ '<  - ' * \ v - , 


t 


( 81  ) 

conftantly  appear  upon  it,  have  been  judged  by  fo me 
to  be  vallies,  mountains,  lakes,  and  feas. 

Her  days  and  months  are  of  an  equal  length,  which 
we  do  not  obferve  of  any  other  body  in  the  heavens. 
That  her  day  is  equal  to  her  month,  appears  hence* 
Since  in  whatever  part  of  her  orbit  fhe  is,'  the  lame 
face  and  the  fame  ipots  are  always  obferved,  without 
the  leaft  variation,  fhe  muft  have  fuch  a motion  round 
her  own  axis  as  turns  every  moment  fo  much  of  her 
furface  from  our  view,  as  is  turned  to  us  by  her  perio- 
dical motion : that  is,  fhe  muft  move  in  the  fame  time 
about  her  axis,  as  fhe  does  about  the  earth. 

If  § .v  ' J 

Half  at  leaft  of  the  moon  is  always  enlightened  by 
the  fun,  but  as  it  is  continually  changing  its  fituatron, 
the  whole  of  the  enlightened  part  is  not  always  to- 
ward us,  and  therefore  fhe  exhibits  to  us  various  ap- 
pearances. When  fhe  begins  to  recede  from  her  con- 
jun&ion  with  the  fun,  and  to  emerge  out  of  his  rays, 
a fmall  portion  of  her  enlightened  part  is  feen,  and  ap- 
pears as  it  were  horned.  But  the  farther  fhe  recedes 
from  the  fun,  the  more  of  the  enlightened  part  appears, 
till  about  the  fourteenth  day,  being  juft  oppofite  to 
him,  fhe  fhews  us  her  entire  hemifphere.  In  the  fame 
manner  fhe  appears  to  decreafe,  while  fhe  is  approach- 
ing the  fun.  ■ The  moon  is  fuppofed  to  be  forty-five 
times  fmaller  than  the  earth. 

The  moon  has  fometimes  diiappeared  in  a clear  fky, 
fo  as  not  be  difcoverable  by  the  beft  glaffes.  This 
: Keppler  obferved  in  the  year  1580  and  in  1583:  He- 
veliusin  1620,  as  did  Ricciolus  andmany  others  at  Bo- 
logna. Many  people  throughout  Holland  obferved 
the  fame,  April  I f,  164-2.  December  23,  1703,  there 
was  another  total  obfcuration.  A little  before  it,  fhe 
appeared  at  A.rles  of  a yellowifh  brown,  at  Avignon, 
ruddy  and  tranfparent.  At  Marfeilles  one  part  was 
ruddy,  the  other  dufky,  till  fhe  wholly  difappeared.  I 
do  pot  find  that  the  boldeft  philofophers  attempt  to 
account  for  this. 

' It  is  now  almoft  univerfally  fuppofed,  that  the  moon 
is  juft  like  the  earth,  having  mountains  and  vallies, 
feas  with  iflands,  peninfulas  and-  promontories,  and 
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a changeable  atmofphere,  wherein  vapours  and  exha- 
lations rife  and  fall.  And  hence  it  is  generally  infer- 
red, that  (he  is  inhabited  like  the  earth,  and  by  parity 

- of  reafon,  that  all  the  other  planets,  as  well  as  the 
earth  and  moon,  have  their  refpedtive  inhabitants.  But 
after  all  comes  the  celebrated  Mr.  Huygens,  and  brings 
ftrong  reafons  why  the  moon  is  not  and  cannot  be  in- 
habited at  all,  nor  any  fecondary  planet  whatever. 
Then  I doubt  we  (hall  never  prove  that  tie  primary 
are : and  fo  the  whole  ingenious  hypothecs;  of  innu- 

' merable  funs  and  worlds  moving  round  them,  vaniflies 
into  air. 

' h ' I'  ; . J " * ' 

It  may  not  be  unacceptable  to  the  reader,  to  fee  the 
■ fum  of  his  reafonings  on  this  head.  “ One  would 
think  that  the  moon  which  is  fo  near  us,  and  may  by  a 
telefcope  be  fo  accurately  obferved,  ffiould  afford  us 
matter  of  more  probable,  conjecture,  than  any  of  the 
remoter  planets.  But  it  is  quite  otherwife.  Only  this 
we  may  venture  to  fay,  that  all  the  attendants  of  jupi. 
ter  and  faturn  are  of  the  fame  nature  with  our  moon, 
as  going  round  them,  and  being  carried  with  them 
round  the  fun,  juft  as  the  moon  i$  with ’the  eayh. 
Therefore  whatever  we  may  reafonably  affirm  or  con- 
jecture, with  regard  to  our  iftoon,  muft  be  fuppofed 
with  very  little  alteration  to  belong  to  the  fatellites  of 

Jupiter  and  faturn.  " - > 

- ' * f * ' * ' . ■ — ; . \ ~ • , 
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“ The  furface  of  the  moon  is  found,  oven  when  we 

- ufe  the  fhorteft  teleicopes,  to  be  diverfified  with  long 
tradts  of  mountains,  and  again  with  broad  vallies. 
For  in  thole  parts  oppofite  to  the  fun,  you  may  lee  the 
lhadowsof  the  mountains,  and  often  the  round  vallies 
between  them,  with  a hill  or  two  rifing  out  of  them. 
But  I cannot  find  any  thing  like  fea  there,  notwith- 
ftanding  what  many  affirm.  For  thofe  vaft  countries 
which  appear  darker  than  the  others,  commonly  taken 
for  feas,  are  difcovered  with  a good  long  telefcope  to 
be  full  of  little  round  cavities  t the  fhadow  of  which, 
-falling  within  themfelves,  makes  them  appear  of  that 
colour.  And  thofe  large  champains,  if  you  look  care- 
fully upon  them,  you  will  find,  not  to  be  always  fmooth 

' and  even.  Now  neither  of  thefe  things  can  agree  to 
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the  fea.  Therefore  it  is  far  more  probable,  that  tliofe  * 
plains  in  her  which  feem  brighter  than  the  other  parts, 
confift  of  a whiter  fort  of  matter.  Nor  do  I believe, 
x that  there  are  any  rivers  i for  if  there  were,  they  could 
never  have  efcaped  our  obfervations.  Efpecially  if 
they  run  between  the  hills,  as  our  rivers  da.  Nor 
have  they  any  clouds  to  furnifh  rivers  with  water.  For 
if  they  had*  we  fllould  fometimes  fee  one  part  of  the 
moon  darkened  by  them  and  fometimes  fee  one  part  of 
the  moon  darkened  by  them  and  fometimes  another, 
whereas  we  have  always  the  fame  profpedt  of  her. 

“ It  is  certain  moreover  that  the  moon  has  no  air 
or  atmofphere  furrounding  it.  For  then  we  could  ne- 
ver fee  the  outermoft  rim  ©f  the  moon  fo  exa&ly  as  we 
do  when  any  liar  goes  under  it,  but  its  light  would 
terminate  in  a faint,  gradual  fliade,  and  there  would 
be  a fort  of  down  as  it  were  about  it.  v Not  to  mention, 
that  the  vapours  of  our  atmofphere  confift  of  water  ; 
and  confequently  where  there  are  no  feas,  there  can  be 
no  fuch  atmofphere.  This  is  the  grand  difference  be- 
tween the  moon  aqd  y Were  there  feas  and  rivers  ^ 
therein,  we  might  eafily  believ^hat  it  had  all  the  other 
furniture  which  belongs- to  ©iwr earth.  But  how  can 
. plants  or  animals,  all  whofe  nourilhment  comes  iron* 
'liquid  bodies,  thrive  in  a dry  waterleis  foil? 

• " Does  then  the  moon  ferve  for  nothing  but  to  give  , 
us  light  in  the  night  ? And  do  all  thefe  moons  round 
jupiter  and  faturn,  anfwer  no  other  purpofe  ? I do  not 
know  what  to  fay,  becaufe  I know  of  nothinfg  like' 
them  to  found  a conje&ure  upon.^  Perhaps  they  may 
have  fome  plants  and  apimals,  which  have  fome  nou*  , , 
rifhment  of  a different  kind  from  ours.  Perhaps  they  - 
may  have  moillure  enough  to  caufe  a mill  or  dew* 
which  may  fufficefor  the  herbs  that  grow  there.'  But 
thefe  are  mere  gueffes,  or  rather  doubts.  And  yet  they 
are  the  bell  we  can  make,  concerning  either  our  moon 
nr  thofe  which  attend  jupiter  and  faturn.” 

J>  . '■  • t ; / :*,rU  V . V • l ' ' * 

What  benefits  do  we  recurve  from  our  moon  ? Firft, 

< the  lupplying  light  in  the  night-time,  for  at  leaft  three  ' 
fourths  of  the  year.  Now  how  comfortable  and  de-  > 
lightful  a tiling  this;  is,  travellers.;;  and  voyagers  can 
beft  tell.  Curiofity,  ambition,  lu-sjj^y,  and  fometimes 
. , necefiity 1 

. 
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neceffity  have  made  it  unavoidable,  that  Tome  part  of 
mankind  ftiould  be  travelling  by  land  and  fea,  in  the 
night  feafons.  lipw  pleafant  then  is  it,  to  have  a light 
held  out  from  heaven,  to  guide  our  fteps,  todire&us 
incur  courfe,  and  to  point  out  to.  us  how  our  time 
wears  out. 

Secondly,  die  raifes  our  tides  twice  in  twenty-four 
hours,  which  is  abfolutely  neceffary  towards  the  fub- , 
fiftence  both  of  animals  and  vegetables.  Every  body 
knows  that  a lake  that  has  no  frefli  water  running  into 
it,  will  by  the  heat  of  the  fun  in  a few  months,  and 
its  ftagnation,  turn  into  a ftinking,  rotten  puddle, 
fending  forth  ' nauleous  and  poifonous  fteams.  And 
though  many  thouland  rivers  daily  run  into  the  fea, 
yet  they  are  very  inconfiderable.  in  refpebl  of  the  vaft 
ocean  of  falt-water ; and  would  by  no  means  hinder 
its  ftagnation,  and  confequently  its  corruption  and 
ftinking.  Now  f.;ppofe  the  ocean  ftagnated,  the  firft 
effect  would  Jh./all  the  place's  towards  the  ftiores, 
would  be  wrought  upon  by  the  fufly  and  turned  to  a 
mephitis.  Then  it  w<*ild  * get  farther  till  the  whole 
were  become  more  baleful  and  poifonous  than  the  lake 
©f  Sodom ' and  Gomorrah.  Hereby  the  fifties  would 
firft  be  deftroyed,  and  afterwards  the  plants  and  ani- 
mals ; but  by  this  adtion  of  the  moon,  the  waters  are 
lifed  up  on  a heap,  as  it  were,  and  then  let  fall  again, 
whereby  the  waters  near  the  ftiores  are  conftantly  fe- 
cared  frojn  ftagnation  and  corruption,  and  the  begin- 
ning of  malady  ftifled.  This  perpetual  change  of  new 
water  on  the  ftiores,  keeping  any  one  portion  thereof, 
from  being  expofed  to  the  fun  long  enough  to  have 
its  mixture  corrupted.  Now  what  a noble  contrivance 
have  we  here.  By  appointing  an  attendant  to  our 
earth,  all  the  animals  and  vegetables  are  preferved 
from  certain  deftrublion.  Though  indeed  to  the  full 
effect  of  this  wife  defign,  the  fait  of  the  fea  does  very 
much  contribute ; as  there  are  many  faline  rocks  and 
mountains  difperfed  over  the'  foundations  of  the  great 
®ceak.  Befides  this,  how  many  conveniencies  for  our 
navigation  .in  rivers  and  harbours  does  this  ebbing  and 
flowing  of  the  fea  afford  ? Yet  if  our  earth  had  more 
than  one  moon  attending  it,  we  Ihould  receive  more 
' " damage 
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damage  than  advantage  by  it ; for  though  hereby  our 
light  in  the  night  might  be  augmented,  yet  at  their 
conjunctions  and  oppofitions  with  one  another,  and  with  . 
the  fun,  we  fhould  have  tides  that  would  raife  the  wa- 
ters over  too  much  of  our  dry  land  ; and  in  their  qua- 
dratures we  fhould  have  no  tide  at  all.  Again,  if  our  • 
moon  were  bigger  or  nearer  the  earth,  or  if  we  had 
more  than  one,  at  any  tolerable  di  fiance  from  us,  we 
fhould  be  every  now  and  then  in  hazard  of  being 
flifled  by  the  noxious  fleams  arifing  from  the  ocean. 
From  all  which  it  is  evident,  how  wifely  our  fatellite 
has  been  contrived  for  our  purpofes. 

6.  Mars,  as  well  as  venus,  mercury,  and  the  moon, 
has  various  appearances,  more  or  lefs  full,  as  it  is  va- 
rioufly  placed,  with  regard  to  the  fun  and  the  earth. 
Spots  are  Obferved  on  his  furface  alfo,  from  the  regu- 
lar motion  of  which  we  learn,  that  he  revolves  round 
his  axis  from  weft  to . eaft,  in  twenty-four  hours  and 
forty  minutesi  .He  moves  round  the  fun  in  two  years, 
and  it  is  thought  to  be  eight  times  fmaller  than  the 
earth. 


7.  Jupiter  is  encompafledfroha  weft  to  eaft  with  two 
or  three  lucid  belts,  not  always  appearing  alike.  In  one 
of  them  a fpot  is  conftantly  obferved ; and  they  re- 
gularly move  from  weft  to  eaft.  Hence  we  learn,  that 
he  revolves  round  his  axis,  which  he  does  in  nine  hours 

' and  fifty-fix  minutes.  He  is  likewife  attended  by  four  . 
fmaller  planets  or  fiftellites,  like  our  moon.  Each  of 
thefe  move  round  him  in  its  flated  period,  and  all  move 
with  him  round  the  fun  in  twelve  years.  Jupiter  is 
fuppofed  by  fome  to  be  twenty-five,  by  others  4096 
times  larger  than  the  earth. 

. . \ 

8.  The  higheft  planet,  fatum,  is  encompafled  with  . 
a broad  ring,  which  is  not  contiguous  to  his  body,  but 
is  fufpended  over  him  equally  diftant  from  every  part 
of  his  furface.  He  has  five  fatellites  or  moons,  mov-  . 
ing  ropnd  him  in  their  flated  periods.  The  brighteft 

, of  thefe,  which  is  the  fourth,  was  firft  difcovered  by 
Mr.  Huygens,  in  the  year  1655.  The  reft  were  dif- 
eovered  by  Gaffini.  And  I have  reafon  to  think,  fays 
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Mr.  Huygens,  there  are  one  or  two  more  ftill  behind. 
For  between  the  fourth  and  fifth  there  is  a diftance  not 
at  all  proportionable  to  that  between  all  the  others. 
Hence  it  is  probable  there  may  be  a iixth.  And  there 
may  not  improbably  be  'another,  without  the  fifjh, 
which  has  hitherto  efcaped  us.  For  we  can  never  fee 
the  fifth  but  in  that  part  of  its  orbit,  which  is  towards 
* the  weft. 

Saturn  himfelf  revolves  with  them  round  the  fun  in 
about  thirty  years.  He  is  fuppofed  to  be  fifteen  times 
' bigger  than  the  f arth. 

If  we  compute  the  magnitude  of  the  planets  in 
number  of  miles,  the  diameter  of  the  moon  is  .fup- 
pofed to  be  2175  miles,  that  of  mercury  2748,  that 
of  mars  4875,  of  the  earth,  (and  nearly  of  venus) 
7967,  of  faturn  93451,  of  Jupiter  130653;  and  that 
of  the  fun  822148. 

With  regard  to  their  diftance  from  the  earth,  there 
is  fuch  an  immenfe  difference  in  the  calculations  of 
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aftronomers,  even  with  refpedl  to  the  diftance  of  the 
fun  (which  fome  demonftrate  to  be  ninety  millions  of 
' miles,  others  to  be  not  three  millions  from  the  earth;) 
that  it  is  the  wifeft  to  confefs  our  ignorance,  and  to 
acknowledge  we  have  nothing  to  reft  on  here  but  mere 
uncertain  conjefture.  r; 

■ . . 

9.  Comets  are  opaque  bodies,  which  emit  numerous 
Tays,  fometimes  forwards,  fometimes  backwards,  fome- 
times  all  round  the  body  of  the'  comet.  Now  they 
fink  near  the  body  of  the  fun  : then  they  rife  far  be- 
yond the  orb  of  faturn.  Some  fuppofe  them  to  be 
imperfect  planets,  or  fuch  a chaos  of  unformed  matter, 
as  may  hereafter  be  formed  into  an  earth  like  ours. 
Probably  thofe  rays  which  they  emit,  are  only  vapours, 
» by  which  the  rays  of  the  fun  are  refracted  to  us. 

Hence  they  have  a different  appearance,  according 
as  they  are  differently  fituated  with  regard  to  the  co- 
met : the  nearer  they  are  to  the  fun,  the  more  thole 
rays  are  increafed,  and  the  farther  they  recede  from  it, 
the  more  thofe  are  diminifhed.  And  hence  fome  ima- 
gine that  fixed  ftars,  covered  with  vapours  and  fpots, 
become  comets.  It  is  more  probable  that  comets,  like 
planets  have  their  regular  periods ; although  they  fre- 

' ' / quently 


I 


( «7  ) 

quently  efcape  our  obfervations,  as  not  revolving  but 
in  a long  term  of  years.  . , 

They  are  diftinguifhed  from  other  flats  by  a large 
train  of  light,  which  is  always  oppofite  to  the  fun,  and 
grows  fainter  and  fainter  the  farther  it  is  from  the  body 
of  the  comet.  When  a comet  moves  from  the  fun  it 
is  faid  to  be  bearded,  becaufe  that  light  is  feen  be- 
fore it.  When  it  moves  toward  the  fun,  the  train  fol- 
lows it,  and  is  called  its  tail.  When  the  comet  and 
fun  are  oppofite,  (the  earth  being  between  them)  the 
"train  is  hid  behind  the  body  of  the  comet,  except  a 
little  that  appears  round  it,  and  is  termed  its  hair. 

Sir  Ifaac  Newton  has  proved,  that  the  heat  of  the 
fun  to  the  comet  in  December  1680,  was -to  his  heat 
with  us  at  midfummer,  as  28000  to  one : and  that  the 
heat  of  the  body  of  the  comet  was  /near  2000  times 
greater  than  that  of  red-hot  iron.  • 

- After  having  acquired  fo  immenfe  a heat,  it  muft 
be  a long  time  in  cooling.  Sir  Ifaac  computes,  that 
• a globe  of  red-hot  iron  200  times  as  large  as  the  earth, 
would  fcarce  be  cool  in  50,000  years.  If  then  the 
comet  be  fuppofed  to  cool  a hundred  times  as  faft  as 
red-hot  iron,  yet  fince  its  heat  was  two  thousand  times 
greater,  fuppofing  it  of  the  bignefs  of  the  earth,  it  would 
not  be  cool  in  a million  of  years. 

Comets  feem  to  be  a peculiar  kind  of  planets,  which 
move  in  very  oblique  orbits, ’and  perlevere  in  their  mo- 
tions, even  againft  the  courfe  and  direction  of  the  other 
planets.  Their  tails  are  doubtlefs  vapours  emitted  by 
the  comet  when  heated  by  the  fun.  Yet  they  do  not 
afcend  fwiftly  from  it,'  and  .then  prefently  difappear ; 
but  are  permanent  columns  of  exhalations,  gathered 
from  the  comet  by  a gentle  motion,  and  in  a great 
; fpace  ef  time,  which  then  move  with  it  through  the 
celeftial  regions.  , . 

One  great  ufe  of  comets  probably  is,  to  give  moif- 
ture  to  the  planets..  By  their  vapours  the  water  fpent 
in  them,  may  be  fupplied  and  recruited.  All  Vegeta- 
bles grow  from  fluids.  / But  when  they  putrefy,  great 
part  of  them  turn  into  dry  earth : hence  the  quantity 
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of  dry  earth  tfluft  continually  increafe,  and  the  moif- 
ture  of  the  globe  decreaie.  Add  to  this,  that  im- 
menfe  quantities  of  watry  vapours,  are  continually  ar- 
retted in  the  polar  regions,  and  falling  down  form  moun- 
tains of  eternal  fnow,  and  rocks  of  ice  that  thaw  no 
more.  By  both  thefe  means  the  moifture  of  the  pla- 
nets continually  decreafing,  mutt  in  procefs  of  time, 
.entirely  fail,  if  it  had  not  a feafonable  fupply,  from 
fome  other  part  of  the  univerfe.  Comets  therefore 
are  fo  far  from  being  fuperfluous,  much  more  from 
being  blemilhesin  the  univerfe,  that  it  may  be  doubted 
whether  either  the  animals  or  vegetables  of  the  earth 
could  long  fubfift  without  them. 

And  indeed,  if  the  ufes  affigned  to  the  comets  by 
•Sir  Tfaac  Newton  be  real,  as  they  are  not  improbable, 
namely  the  fupplying  the  deficiency  and  expenfes  of 
all  forts  of  fluids  neceffary  to  the  earth : I mean  not  only 
-light  and  heat  to  the  fun,  and  watry  vapours  to  our  at- 
molphere,  but  the  moft  fubtle,  moft  ufeful,  and  necef- 
fary part  (towards  life  and  vegetation)  to  the  air  ; then 
thefe  wandering,  frightful  bodies  may  be  juftly  con- 
ceived joining  in  the  chorus,  and  loudly  refounding 
the  common  hallelujah.'  , , 

But  the  aftronomy  of  comets,  fays  Mr.  Brydon  is 
clogged  with  very  great  difficulties,  and  even  fome 
feeming  abfurdities.  It  is  difficult  to  conceive,  that 
thefe  immenfe  bodies,  after  being  dra^n  to  the  fun, 
with  the  velocity  of  a million  of  miles  in  an  hour,  when 
they  have  at  laft  come  almott  to  touch  him,  Ihould  then 
fly  off  from  his  body,  with  the  fame  velocity  they  ap- 
proached it,  and  that  too,  by  the  power  of  this  very 
motion,  that  his  attraffion  has  occafioned.  The  de- 
monftration  of  this,  I remember  is  very  curious  and 
ingenious;  but  I wilh  it  may  be  entirely  free  from  fo- 
phiftry.  No  doubt,  in  bodies  moving  incurves  round 
a fixed  centre,  as  the  centripetal  motion  increafes,  the 
centrifugal  one  increafes  likewife : but  how  this  mo- 
tion wliich  is  only  generated  by  the  former,  ihould  at 
laft  get  the  better  of  the  power  that  produces  it,  artd 
that  too,  at  the  very  time  this  power  has  acquired  its 
utmoft  force  and  energy,  feems  fomewhat  difficult  to 
conceive.  It  is  the  only  inftaace  I know,,  wherein  the 
» ■ . v ' ' ' . effect 
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efeCt  increafing  regularly  with  the  caufe;  at  laft,  whilft 
the  caufe  is  ftill  aCting  with  full  vigour,  the  effect  en- 
tirely gets  the  better  of  the  caufe,  and  leaves  it  in  the  - 
. lurch.  For  the  body  attracted,  is  at  laft  carried  away 
with  infinite  velocity  from  the  attracting , body.  . By 
what  power  is  it  carried  away  ? Why,  fay  our  philo- 
fophers,  by  the ' very  power  of  this  attraction,  which 
* has  now  produced  a new  power  fuperior  to  itfelf : to 
wit,  the  centrifugal  force.  However,  perhaps  all  thia  , 
may  be  reconcileable  to  reafon  ; far  be  it  from  me  to 
' prefume  to  attack  fo  glorious  a fyftem  as  that  of  at- 
traction. The  law  that  the  heavenly  bodies  are  faid 
to  obierve,  in  defcribing  equal  areas  in  equal  times, 
is  fuppofed  to  be  demonftrated,  and  by  this  it  would 
appear,  that  the  centripetal  and  centrifugal  forces 
alternately  get  the  maftery  of  one  another. 

However,  I cannot  help  thinking  it  fomewhat  hard 
to  conceive,  that  gravity  {hould  always  get  the  better 
of  the  contrifugal  force,  at  the  very  time  that  its  aCtion 
is  the  fmalleft,  when  the  comet  is  at  the  greateft  di£ 
tance  from  the  fun ; and  that  the  centrifugal  force 
fhould  get  the  better  of  gravity,  at  the  very  time  that  ■ 
its  adtion  is  the  greateft,  when  the  comet  is  at  its  near- 
eft  point  to  the  fun. 

To  a common  obferver  it  would  rather  appear,  that 
the  fun,  like  an  eleCtric  body,  after  it  had  once  charged 
the  objects  that  it  attracted,  with  its  own  effluvia  or  at- 
mofphere,  by  degrees  lofes  its  attraction,  and  at  laft 
even  repels  them,  and  that  the  attracting  power,  like 
what  we  likewife  obferve  in  electricity,  does  not  return 
again  till  the  effluvia  imbibed  from  the  attracting  body 
are  difpelled  or  difflpated  ; when  it  is  again  attracted, 
and  fo  on  alternately.  For  it  (appears  at  leaft  to  an 
unphilofophical  obferver)  fomewhat  repugnant  to  rea- 
fon,  to  fay,  that  a body  flying  off  from  another  body 
fome  thousands  of  miles  in  a’  minute,  {hould  all  the 
while  be  violently  attracted  by  that  body : and  that  it 
is  even  by  virtue  of  this  very  attraction  that  it  is  flying 
off  from  it.  He  would  probably  afk,  what  more  it 
could  do,  pray,  were  it  really  to  be  repelled  ? 

Had  the  fyftem  of  electricity,  and  of  repulflon,  as 
well  as  attraction,  been  known  and  eftablifhed  in  the 
laft  age,  doubtlefs  the  profound  genius  of  Newton 
. would 
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■would  have  called  it  to  his  aid,  and  perhaps  account- 
ed in  a more  fatisfaCtory  manner  for  many  of  the  great- 
phenomena  of  the  heavens. 

To  the  bell  of  my  remembrance,  we  know  of  no  bo- 
- dy  that  poffeffes,  in  any  confiderable  degree,  the  pow- 
er of  attraction,  that  in  certaiiv  circumftances  does  not 
likewife  poflefs  the  power  of  repulfion  : the  magnet, 
the  tourmalin,  amber,  glafs,  and  every  electrical  fub- 
ftance.  Now  from  analogy,  as;  we  find  the  fun  fo 
powerfully  endowed-  with  attraction,  why  may  we  not 
likewife  fuppofe  him  to  be  polleffed  of  repulfion  ? In- 
deed  this  very  power  feems  to  be  confefted  by  the  New-- 
tonians,  to  refide  in  the  fun  in  a moft  wonderful  de- 
gree  ; bar  they  affure  us  he  repels  the  rays  of  light 
with  fuch  amazing  force,  that  they  fly  upwards  of  80 
millions  of  miles  in  7 minutes.  Now  why  Ihould  we  con- 
fine this  repulfion  to  the  rays  of  light  only  ? As  they 
are  material,  may  not  other  matter  brought  near  his 
body,  be  affeCted  in  the  fame  manner  ? Indeed  one 
would  imagine,  that  their  motion  alone  would  create  the 
moft  violent  repulfion  ; and  that  the  force  with  which 
they  are  perpetually  flowing  from  the  fun,  would  moft 
effectually  prevent  every  other  body  from  approaching 
him';  for  this  we  find  is  the  conftant  effeCl  of  a rapid 
ftream  of  any  other  nature.  But  let  us  examine  a little 
more  his  effects  upon  comets.-  The  tails  of  thefe  bo- 
dies are  probably  their  atmofpheres,  rendered  highly 
eleCtrical,  either  from  the  violence  of  their  motion,  or 
from  their  proximity  to  the  fun.  Of  all  the  bodies  we 
know,  there  is  none  in  fo  conftant  and  fo  violent  an 
electrical  ftate,.  as  the  higher  regions  of  our  own  at- 
mofphere.  Of  this'  1 have  long  been  convinced  $ for 
fend  up  a kite  with  a fmall  wire  about  its  firing,  only 
to  the  height  of  twelve  or  thirteen  hundred  feet,  and  at 
all  times  it  will  produce  fire,*  as  I Jiave  found  by  fre- 
quent experience  * fometimes  when  the  air  was  perfect-  __ 
ly  clear,  without  a cloud  in  the  hemifphere;  at  other 
times,  when  it  was  thick  and  ha^y*  and  totally  unfit 
for  electrical  obfervations  below.  Now  as  this  is  the 
cafe  at  fo  fmali  a height,  and  as  we  find  the  effect  flill 
grows  ftronger  in  proportion  as  the  kite  advances  (for  I 
have  fometimes  obferved  -that  a little  blaft  of  wind,  fud- 
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denly  raifing  it  about  a hundred  feet,  has  more  than, 
doubled  thfe  effedt)  what  mud  it  be  ill  very  great  eleva- 
tions ? Indeed  we  may  often  judge  of  it  from  the  vio- 
lence with  which  the  clouds  are  agitated,  from  the 
meteors  formed  above  the  region  of  the  clouds,  and 
particularly  from  the  aurora  borealis,  which  has  been 
obferved  to  ha/e  much  the  fame  colour  and  appearance 
as  the  matter  that  forms  the  tails  of  comets.  . . 

,v  ■'  ' -V  • + , _ » 

There  is  a fpecies  of  comets,  fays  the  fame  gentle- 
man, that  have  not  tails  : thefe  are  certainly  bodies  of 
- a very  different  nature  from  thofe  with  tails,,  to  which 
indeed  they  appear  even  to  bear  a much  lefs  rfemblance 
than  they  do  to  planets  : and  it  is  no  fmall  proof  of 
the  little  progress  we  have  fnade  in  the  knowledge  of 
the  univerfe,  that  they  have  not  as  yet  been  diftin* 
guifhed  by  a different  name. 

This  is  the  third  kind  of  body  that  has  been  difco- 
vered  in  our  fyftem,  that  all  appear  effentially  diffe- 
rent from  each  other,  that  are  probably  regulated  by 
different- laws,  and  intended  for  very  ■ different  pur- 
pofes.  How  much  will  pofterity  be  aftonilhed  at  ouf 
Ignprance,  and  wonder  that  this  fyftem  fhould  have 
exifted  for  fo  many  tfioufand  years,  before  we  were  in 
the  leaft  acquainted  with  one  half  of  it,  or  had  even 
invented  names  to  diftinguifh  its  different  members. 

I have  no  doubt,  that  in  future  ages  the  number  of 
the  comets,  the  form  of  their  orbits,  and  time  of  their 
revolutions,  will  be  as  clearly  demonftrated,  as  that  of 
the  planets.  It  is  our  countryman  Dr.  Halley,  who 
has  begun  this  great  work,  which  may  be  confidered 
juft  now  as  in  its  earlieft  infancy.  Thefe  bodies  too,* 
with  thick  atmofpheres,  but  without  tails  will  likewife 
have  their  proper  places  afcertained,  and  will  no  lon- 
ger be  confounded  with  bodies  to  which  they  bear  no 
refemblance  or  connexion.  - 

Comets  with  tails  have  feldom  been  vifible,  but  on 
their  recefs  from  the  fun.  It  is  he  that  kindles  them 
up,  and  gives  them  that  alarming  appearance  in  the 
heavens.  On  the  contrary,  thofe  without  tails,  have 
feldom,  perhaps  never,  been  obferved  but  on  their  ap- 
proach to  him.  I do  not  recoiled  any  whofe  return 
. ~ . - - v-  - has 
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has  been  tolerably  well  afcer tamed.  I remember  in- 
deed,, a few  years  ago  a fmall  one,  that  was  faid  to 
have  been  discovered  by  a telefcope,  after  it  bad  palled 
the  fun,  but  never  more  became  vifible  to  the  naked' 
eye.  This  aflertion  is  eafily  made,  and  nobody  can 
contradict  : but  it  does  not  at  all  appear  .probable,  that 
it  (hould  have  been  fo  much  lefs  luminous  after  it  had 
paded  the  fun,  than  before  it  approached  him  ; and  1 
will  own,  when  I have  heard  that  the  return  of  thefe 
comets  had  efcaped  the  eyes  of  the  mod  acute  aftrono- 
mers,  I have  been  tempted  to  think  that  they  did  not 
return  at  all,  but  were  abforbed  in  the  body  of  the  fun, 

■ which  their  violent  motion  toward  him  feemed  to  indi- 
cate. Indeed,’  I have  often  wiftied  that  this  difcovery 
might  be  made,  as  it  .would  in  fome  meafure  account 
for  what  has  as  yet  been  looked  upon  as  unaccountable  ; 
(that  the  fun,  notwithftanding  his  daily  wafte  from  en« 
lightening  the  univerfe,  never  appears  diminifhed  er-  , 
ther  in  fize  or  light.  Surely  this  wafte  muft  be  im- 
menfe,  and  were  there  not  in  nature  fome  hidden  pro-  , 
vifion  for  fupplying  it,  in  the  fpace  of  fix  thoufand 
years,  (fuppofing  the  world  to  be  no  older)  the  planets 
muft  have  got  to  a much  greater  diftance  from  his  bo- 
dy, by  the  vaft  diminution  of  his  attraction : they  muft 
likewife  have  moved  much  flower,  and  confequently 
the  length  of  our  year  muft  have  been  increafed.  No- 
thing of  all  this  feems  to  be  the  cafe  : he  neither  ap- 
• pears  diminifhed,  nor  our  diftance  from  him  increafed ; 
his  light,  heat,  and  attraction  feem  to  be  the  fame  as 
eVer ; and  the  motion  ©f  the  planets  round  him  is  per- 
formed in  the  fame  time  ; of  confequence,  'his  quantity 
of  matter  ftill  continues  the  fame.  How  then  is  this 
vaft  wafte  fiipplied  ? May  there  not  be  millions  of  bo-  < 
dies  attracted  by  him  from  the  boundlefs  regions  of 
fpace,  that  are  never  perceived  by  us  ? Corriets  on 
their  road  to  him,  have  feveral  times  been  accidentally 
difcovered  by  telefcopes  that  were  never  feen  by  the 
naked  eye.  Indeed  the  number  of  black  fpots  on  the 
. fun,  feems  to  indicate,  that  there  is  always  a quantity 
of  matter  there  only  in  .preparation  to  give  light,  but 
not  yet  refined  and  pure  enough  to  throw  off  rays  like 
the  reft  of  his  body.  For  I think  we  can  hardly  con- 
ceive, that  any  matter  can  remain  long  on  the  body  of 
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the  fun  without  becoming  luminous  ; and  fo  we  find 
thefe  fpots  often  difappear ; that  is  to  fay,  the  matter 
of  which  they  are  compofed  is  then  perfectly  melted, 
,»nd  has  acquired  the  fame  degree  of  heat  and  light  as 
'the  reft  of  his  body.  Even  in  glafs  houfes,  and  other 
very  hot  furnaces,  moil  forts  of  matter  very  foon  ac-  ■ 
quire  the  fame  colour  and  appearance  as  the  fire,  and 
emit  rays  of  light  like  it.  But  how  much  more  mu  ft 
this  be  the  cafe  at, the  furface  of  the  fun  ? When  New- 
ton computes,  that  even  at  many  thoufand  miles  dif- 
tance  from  it,  a body  would  acquire  a degree  of  heat 
two  thoufand  times  greater  than  that  of  red  hot  iron. 
It  has  generally  been  underftood,  that  he  faid  the  great 
comet  really  did  acquire  this  degree  of  heat : but  this 
is  certainly  a miftake : Sir  Ifaac’s  expreflion,  to  the 
beft  of  my  remembrance,  is,  that  it  might  have  ac- 
quired it.  And  if  we  confider  the  very  great  fize  of 
that  body,  and  the  fhort  time  of  its  perihelion,  the 
thing  will  appear  impofiible ; nor  indeed  do  I think 
we  .can  conceive  that  a body  only  as  large  as  our  earth, 
(and  the  fpots  on  the  fun  are  often  much  larger,)  could 
be  reduced  to  fufion  even  on  his  furface,  but  after  3 
confiderable  fpace  of  time. 

Now  it  feems  to  be  univerfally  fuppofed,  that  the 
rays  of  light  are  really  particles  of  matter,  proceeding 
from  the  bodyof  the  fun.  ‘If  fo  it  is  abfolutely  necef- 
fary  that  we  ftiould  fall  upon  fome  fuch  method  of 
fending  him  baek  a fopply  of  tbofe  rays,  otherwife  let 
his  ftock  be  ever  fo  great,  it  muft  be  exhaufted. 

10.  It  is  commonly  fuppofed,  that  the  fixed  ftars 
are  fo  many  funs,  -finning  with- their  oWn  light  .:  and 
that  each  of  them  has  a fet  of  planets  moving  round 
it : as  the  earth,  and  the  other  planets  do  round  our 
fun.  It  may  be  fo,  or  it  may  not ; for  we  know  nothing 
about  them nor  is  it  poffible  we  fhould  know  more. 
For  even  when  viewed  with  the  beft  telefcopes,  they 
appear  no  larger  than  they  do  to  the  naked  eye.  They 
are  divided,  according  to  their  fize,  into  ftars  of  the 
firft,  fecond,  and  fo  on  to  the  fixth  magnitude. 

• Even  a good  eye  feldom  fees  more  than  a hundred 
ftars,  at  a time  in  the  cleareft  heaven;  The  appear- 
ance of  vaft  numbers  in  winter  nights,  is  a mere  de- 
ception 
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eeption  of  our  fight,  occafioned  by  our  viewing  them 
c-onfufedly,  not  in  any  regular  order. 

Yet  are  they  really  almoft  infinite.  Fot  a good  te- 
lefcope  directed  to  almoft  any  part  of  the  heavens,  dif- 
covers  numbers  unfeen  by  the  naked  eye,  particularly 
in  the  milky  way  j which  is  indeed  nothing  elfe  but  an 
affemblage  of  ftars,  too  remote  to  be  feen  fingly,  but 
fo  elofe  to  each  other,  as  to  give  that  brightnefs  to  fo 
large  a part  of  the  heavens.  i 

K v . ^ " - i.  7 \ . '*  ' - - , • 

' There  are  fix  or  feven  of  thefe  nebulous  ftars,  as  they 
are  called.  They  are  indeed  compound  ftars,  confift- 
ing  of  multitudes  of  Angle  ones.  In  fome  of  thefe 
appears  a bright  lucid  part,  in  which  fome  ftars  appear, 
as  from  a white  cloud,  and  thefe  are  reckoned  to  be 
regions  of  a peculiar  nature,  enjoying  an  uninterrupt- 
ed, everlafting  day. 

The  feven  ftars  fo  called,  probably  were  feven  once  ; 
but  one  of  them  became  extindt,  even  before  the  time 
of  Auguftus  Caefar : and  no  more  than  fix  have  ap- 
peared ever  fince.  But  thefe  likewife,  when  viewed 
through  a good  telefcope,  are  more  than  can  eafily  be 
numbered. 


A hundred  and  fwenty-five  years  before  Chrift,  Hip- 
parchus difcovered  a new  ftar.  In  1572  Tycho  Brache 
obferved  another.  Its  magnitude  at  firft  exceeded  the 
biggeft  of  our  ftars.  It  equalled  that  of  venus  when 
neareft  the  earth,  and  was  feen  in  fair  day  light.  It 
continued  fixteen  months,  toward  the  end  of  which  it' 
grew  lefs  till  it  totally  difappeared.  We  have  an  ac- 
count'of  one  appearing  at  leaf!  thrice  before,  at  the  in- 
terval  of  150  years.  Probably  jt  was  the  fame  ftar,v 
and  will  return  at  the  ftated  time. 

Many  other  new  ftars  have  ibeen  obferved  in  this  cen- 
tury to  appear  and  idifappear  ; and  it  is  certain  from 
the  old  .catalogues,  that  many  of  the  ancient  ftars  are 
not  now  vifible. 

There  are  now  wanting  two  ftars  of  the  fecond  mag- ' 
nitude  in  the  fhip  Argo,  which  were  feen  till  the  year  . 
1664.  But  there  was  not  the  leaft  fign  of  them  is 

• 1668. 
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1668.  Accurate  aftronomers  have  obferved  mjpy 
more  fuch  'changes  ,in  the  fixed  ftars,  to  the  number  of 
a hundred. 

Are  thefe  temporary  ftars  a fort  of  .planets  ? Are 
they  fixed  ftars,  which  being  covered  with  fpots  like 
thofe  obferved  on  tfee  fun,  lofe  their  brightnefs,  and 
confequently  difappear  ? Or  are  they  comets,  which 
take  fo  vaft  a time  to  perform  th$ir  revolutions,  a$  fel- 
jdpm  to  have  their  returns  perceived  ? 

11.  It  remains  only  to  make  fome  improvement  of 
what  has  been  obferved,  concerning  the  fyftem  of  the 
univerfe.  And  firft,  we  may  obferve  the  due  fituation 
of  the  heavenly'-bodies.  1.  None  of  them  interfere 
With  each  other.  Had  the- univerfe  been  the  work  of 
any  but  the  wife  architect,  there  would  have  been  ma- 
ny inconveniences  in  the  fituation  of  fuch  a prodigious 
number  of  immenfe  globes.  Some  would  have  been 
too  near  or  too  far  .off  ; fome  would  have  incom- 
moded  others.  ,But  inftead  of  this,  all  the  globes 
which  fall  under  .our  notice,  are.fet.at  fuch  a due  dif- 
tance,  as  not  only  to  avoid  all  violent  concourfe,  but 
not  to  fhade  each  other,  fo  as  to  hinder  each  other’s 
kindly  influence,  or  to  occafion  noxious  ones.  2 As 
‘ it  is  one  great  inftance  of  the  Hull  of  an  architect,  to 
give  due  proportion  to  his  works,  do  .this  abundantly 
-appears  in  all  the  heavenly  bodies  that  come  under  oujr 
cognizance.  Curious  order,  and  due  and  nice  propor- 
tions are  obferved  in  their  fituations.  The  fun  is  placed 
in  the  centre  of  his  fyftem,  to  give  all  his  planets  heat 
and  light.  Then  follow  .the  feveral  planets  furround- 
ing him,  not  fcattered  at  all  adventures,  but  at  due 
diftances  from  the  fun,  as  well  as  from  one  another. 
And  this  is  .difcernible,  .not  only  in  the  primary,  but 
the  fecondary  planets  too.:  .in  the  five  moons  that  at- 
tend faturn,  and  the  four  that  accompany  jupiter. 

The  wifdom  of  the  Creator  .appears,  fecondly  from 
the  motions  of  the  heavens  and  the  earth.  That  thefe 
vaft  globes  ftiould  move  at  all,  proves  fome  being  that 
has,  power  to  put  them  in  motion  : feeing  matter  can- 
hot  move  itfelf.  And  fuppofe  them  moved. by  the  fun, 
the  ether,  or  fome  other  primary  mover,  (till  we  .muft 

• . recur 

* V • ^ * • ' - ^ 1 . ' • > 

I * ' t ...  , - . -•  • 

' - ^ ✓ . * J 


■**» 


( 96  ) 

recur  to  fome  firft  caufe  who  was  able  to  put  the  morer 
Into  motion.  - And  this  could  be  no  other  than  the 
hand  of  the  Almighty.  What  farther  fhews  both  his 
power  and  wifdom,  is,  that  thofe  motions  are  not  at 
random,  or  in  inconvenient  lines  and  orbs,  but  fuch  as 
manifeft  the  deepeft  eounfel.  That  every  planet  fhould  - 
have  as  many  and  various  motions,  as  the  world  and 
its  inhabitants  have  occafion  for,  muft  be  the  work  of 
a wife  and  kind,  as  well  as  omnipotent  Creator.  - 
~ • " ' „ • ' > . 

. In  particular,  the  diurnal  motion  of  thefe  globes 
fhews  die  wifdom  of  the  Creator.  Of  what  prodigious 
life  is  this  ? Were  the  planets  always  to  ftand  ftill,  half 
of  each  globe  would  be  dazzled  and  parched  with  un* 
ceafing  day,  and  the  other  half  wrapt  in  everlafting 
darknefs.  Were  this  the  cafe  with  our  globe,  a great 
part  of  it  at  leaft  would  fcarce  be  habitable.  ' It  would 
neither  agree  with  the  ftate  of  man  or  other  animals, 
nor  of  vegetables.  How  could  the  vapours  be  raifed 
to  fupply  the  earth  with  cooling  clouds  and  fruitful 
fhowers  ? How  could  the  winds  be  excited  to  fan  the 
atmofphere  with  their  pleafant  and  healthful  gales  ? 
How  could  vegetables  be  raifed  up  by  the  kindly  heat 
of  the  day,  and  tempered  by  the  dews  and  cool  of  the  > 
night  ? How  could  men  and  other  animals  gather 
their  food,  and  perform  the  various  labours  of  the  day, 
and  then  under  the  falutary  influences  of  the  night  re- 
cruit themfelves  with  reft  and  fleep  ? 

And  as  the  diurnal,  fo  the  annual  motion  of  the  hea- 
venly bodies,  is  a clear  manifeftation  of  the  Creator’s 
wifdom:  efpecially  when  we  confider  the  different 
paths  of  their  diurnal  and  annual  motions,  Thefe  lie 
not  in  a very  different  plane,  nor  in  the  fame,  but  a 
little  crofting  one  another  : the  diurnal  lying  in  or  pa- 
rallel, to  the  equator,  the  annual,  at  an  inclination  of 
twenty- three  degrees  and  a half.  A glorious  contri- 
vance this  for  the  good  of  onr  globe,  and  for  all  the 
reft  that  have  the  fame  annual  motion.  For  were  the 
earth’s  annual  motion  to  be  always  in  the  fame  plane 
with  the  diurnal,  we  might  indeed  be  fometimes  nearer 
to  the  fun  than  we  now  are.  But  we  fhould  mifs  of 
thofe  kindly  increafes  of  day  and  night,  which  the  ap- 
•J  V , v J proach 
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proach  of  earth  to  one  or  the  other  pole  occafions. 
This  is  likewife  the  great  caufe  of  fummer  and  winter. 
Indeed  one  eaufe  of  them  is,  the  longer  or  {hotter 
continuance  of  the  fun  above  the  horizon.  As  it  contN 
nues  longer  in  fummer,  it  increafes  the  heat,  as  much 
as  it  lengthens  the  day  : and  juft  the  contrary  in  win- 
ter. But  the  chief  caufe  is,  the  oblique  or  perpendicu- 
lar dire&ion'of  the  lun’s  rays.  For  1.  Perpendicular  ' 
rays  ftrike  on  any  plane,  with  greater  force  than  ob- 
lique.  And  2.  A greater  number  of  rays  fall  within 
the  fame  compafs,  in  a perpendicular  than  in  an  ob- 
| lique  direction. 

A farther  manifeftation  of  the  Creator's  wifdom  we 
have  in  the  perpetuity,  conftancy,  and  regularity  of 
thofe  motions.  How  without  an  Almighty  guide 
Ihould  thofe  vaft  bodies  continue  tlieir  couries  through- 
out all  ages  ? How  Ihould  they  perform  their  ftiual 
ftages,  without  the  leaft  intermiffion  or  diforder? 
What  piece  of  clock-work  under  heaven,  was  ever 
comparable  to  this  ? How  fteadily  do  all  thefe  moti- 
ons confpire,  to  anfwer  the  ends  of  Divine  Providence, 
to  difpatch  the  noble  offices  of  the  feveral  globes,  to 
comfort  and  cheriffi  every  thing  refiding  on  them,  by 
the  ufeful  change  of  day  and  night,  and  the  feveral 
feafons  of  the  year. 

We  may  learn  the  wifdom  of  God,  thirdly,  from 
the  figure  of  the  heavenly  bodies,  fo  well  fuited  to  the 
motions,  and  to  the  whole  ftate  and  convenience  of 
them.  And  1.  They  are  all  nearly  fpherical : Ifay,  ^ 
nearly,  to  allow  for  their  difference  between  their  po- 
lar and  equatorial  diameter.  Now  this  figure  is  both 
more  capacious  than  any  other,  and  more  agreeable  to  a 
mafs  in  motion,  each  part  of  it  being  at  a due  diftance 
from  the  centre  of  motion  an4  gravity  : befides,  with- 
out this,  there  could  have  been  no  fuch  agreeable  alte-  V 
ration^  of  day  and  night,  of  heat  and  cold.  And  as  to  ' 
our  own  globe,  the  winds  icpuld  not  have  fanned  the 
air,  as  now,  but  muft  have  been  greatly  retarded,  if 
not  wholly  ftopt,  by  the  angles  and  jettings  out  of  other 
figures.  . Laftly,  th#  waters  would  have  had  intolera- 
ble confluences  ; here  too  much,  there  none  at  all.  So 
Vr>L.  Ilf.  E ’ thgt' 
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that  inftead  of  a habitable  world,  far  the  greateit  part 
would  have  been  a defert,  or  an  ufelefs  bed  of  waters. 

And  all  the  parts  of  the  earth  are  fo  diftributed  as 
may  beft  minifter  to  their  feveral  ufes.  Thus  the  two 
grand  parts,  the  folids  and  fluids,  inftead  of  being 
- jumbled  into  one  mafs,  are  admirably  parted,  and  as 
nicely  difpofed  of  in  proper  places.  . The  ftrata  con- 
veying fweet  water  in  all  or  mod  parts  of  the  world, 
confift  of  proper,  pervious  matter,  remain  diftindt  from 
the  other  ftrata,  andlieatfuch  due  depths,  as  either  to 
break  out  in  fountains,  or  to  be  dug  into  for  wells  : all 
which  is  a manifeft  demonftration  of  the  concern  of  a 
wife  agent. 

And  not  only  the  planets  are  a demonftration  of  this, 
but  the  very  comets  alfo  : though  rheir  motions  are 
fo  far'  from  being  always  the  fame  way,  that  they  move 
fometimes  contrary  to  each  other.  Their  planes  and 
directions  lie  every  way,  and  their  orbits  are  exceed-/ 
ing  eccentrical.  But  this  very  eccentricity  is  an  admi- 
rable contrivance  of  the  Creator,  to  prevent  their  dis- 
turbing either  the  planets,  or  one  another,  by  mutual 
attractions.  By  this  means  they  have  fufficient  room  to 
rev'olve  in  : and  by  afeending  to  very  great  heights, 
and  fpending  almoft  their  time  in  the  remote  regions 
of  the  univerfe,  at  vaft  diftancesboth  from  the  planets 
and  each  other,  they  incommode  neither.  Whereas 
had  they  moved  in  the  fame  plane  with  the  planets, 
they  would  Sometimes  have  come  too  near  them  : and 
poffibly  have  difturbed  their  motions,  of  even  dallied 
againft  them. 

But  what  would  all  the  planets  have  done,  had  they 
not  been  Supplied  with  light  and  heat  ? • And  what  an 
indulgent  provifion  of  thefe  is  made  even  for  the  moll 
diftant  of  them  ? See  the  fun,  fuch  a prodigious  mafs 
of  fire,  placed  in  the  centre  of  the  fyftem,  to  Scatter 
his  light  throughout  the  '#hole,  and  to  warm  and  che- 
rifh  us  by  day : and  fuch  a noble  retinue  of  moons  and 
liars,  attending  and  affilting  us  by  night  ! And  we 
fee  the  fame  care  of  the  Creator,  extended  to  alL  the 
ether  planets.  According  to  their  feveral  diftances, 

they 
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they  have  proportionably  a great  number  of  moons, 
and  faturn  a ftupendous  ring  betides, -to  fupply  the  de- 
creafeof  light  and  heat.  Who  can  help  being  amazed 
at  fuch  well-contrived,  fuch  {lately  works  of  God  ? 
Who  can  partake  of  their  beneficial  influences,  and 
not  adore  die  wifdom  and  kindnefs  .of  their  Maker  i 

One  or  two  points,  which  have  been  lightly  men- 
tioned already,  deferve  a more  particular  confidera- 
tion. 


.That  he  who  difpenfes  exiftence  at  his  will,  fhould 
multiply,  extend,  enlarge,  and  add  a kind  of  immen- 
sity to  his  works,  is  not  properly  what  furprifes  me  ; 
at  lead  my  amazement  is  chiefly  founded  on  my  own 
littlenefs.  But  what  aftonilhes  me  moll,  is  to  fee,  diat 
notwithftanding  this  my  extreme  littlenefs,  he  has 
vouchfafed  to  regulate  his  immenfe  works,  by  the  ad- 
vantages I was  to  receive  from  them ! Thus  he  has 
placed  the  fun  juft  at  fuch  a diftance  from  the  earth  on 
which  I was  lodged,  that  it  might  be  near  enough  to 
warm  me,  yet  not  fo  near,  as  to  fet  it  on  fire. 


The  rays  that  proceed  from  a globe  of  fire,  many 
thoufand  times  bigger  than  the  earth,  muft  needs  have 
an  inconceivable  force,  while  they  remain  clofe  to  each 
other.  But  they  are  more  and  more  diftant  from  each 
other,  as  they  advance  from  their  common  centre,  to- 
ward the  vaft  circumference  they  are  to  enlighten,  and 
their  force  diminiflies  in  proportion.  Had  the  earth 
been  placed  where  thefe  rays  were  ftill  too  numerous, 
and  too  near  each  other,  it  could  never  have  borne  their 
burning  heat.  Had  it  been  placed  farther  off  than  it 
is,  it  would  have  received  but  a faint  warmth,  fuch  as 
would  be  inefficient  for  its  ufual  productions.  It  ftands 
in  that  very  place  where  it  is  fecured  from  all  thefe  in- 
conveniences, and  within  the  reach  of  every  advan- 
tage. - - 


- J 


The  heavens  declare  the  grandeur  and  glory  of  God, 
from  one  end  of  the  world  to  the  other.  But  the  fun 
alone  affe&s  us  more  than  all  the  beauties  ths  heavens 
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can  difplay  to  our  fight:  the  heavens  are  only  a pavil- 
lion  to  the  fun.  The  richly  embroidered  veil  which 
feemed  to  hide  him  from  us  for  a feafon,  is  removed, 
when  he  advances.  At  firft,  he  appears  as  a young 
bridegroom,  coming  out  of  his  chamber.  His  fplen- 
dor  is  then  full  of  mildnefs,  and  he  is  eafy  of  accefs. 
But  he  is  commiffioned  to  convey  the  heat  and  the  life, 
as  well  as  the  light,  every  where.  He  darts  more  and 
more  fire  as  he  afcends.  He  pafles  from  one  end  of 
the  heavens  to  the  other.  There  is  nothing  can  either 
be  hid  from  his  light,  or  fubfift  without  his  heat.  And 
by  his  penetrating  fires  he  reaches  thofe  very  places 
which  are  inacceffibje  to  his  rays. 

And  yet  we  need  his  abfence  at  proper  intervals,  no 
lefs  .than  we  do  his  prefence.  For  night  and  fleep  are 
lo  connected,  that  when  we  want  repole,  we  generally 
procure  a kind  of  artificial  night.  Our  fenfes  are  fel- 
dom  unbent,  but  by  the  removal  of  that  which  agi* 
tates  them.  And  this  is  the  fervice  for  which  night 
is  appointed,  and  which  it  excellently  well  performs. 
It  does  not  come  in  a blunt  and  abrupt  manner,  to  ex- 
tinguilh  the  light  of  the  day,  and  all  on  a fudden  to 
rob  us  of  the  light  of  the  objects  we  are  intent  on  : but- 
advances  only  by  flow  fteps,  and  brings  on  darknefs 
by  degrees.  It  is  not  till  after  reminding  us  of  the 
neceflity  of  taking  reft,  that  it  covers  the  face  of  na- 
ture, • 

During  the  time  of  man’s  repofe,  night  huflies  every 
aoife.  It  indeed  fuffers  a few  animals,  whofe  grim 
afpeiSt  might  fcare  him,  to  go  forth,  and  filently  feek 
their  food.  It  permits  however,  the  animal  that  (lands 
fentinel  by  him,  to  give  him  notice  of  w'hat  concerns 
him.  Bat  it  keeps  the  horle,  the  ox,  and  all  his  do- 
medics  fad  afleep  around  him.  It  difperfes  the  birds, 
and  fends  each  to  his  relpe&ive  abode.  As  it  comes 
on,  it  gradually  huflies  the  winds,  to  fecure  the  lord 
of  nature’s  red.  It  caufes  his  repofe  to  be  reverenced 
every  where : the  moment, of  which  is  no  fooner  come, 
but  all  creatures  retire,  and  for  feveral  hours,  an  uni- 
verfal  filence  reigns. 

Nor 
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Nor  yetis  nature’s  palace  wholly  void  of  light.  As 
fome  may  besconftrained  to  travel  by  night,  feverat 
flambeaus  are  fcattered  through  the  firmament.  But 
thefe,  though  they  prevent  total  darknefs,  yield  Only 
a gentle  light.  Nor  ought  thofe  who  then  wake  to  be 
fupplied  with  fuch  a light,  as  would  interrupt  the  re- 
pofe  of  others; 

But  it  is  not  by  its  darknefs  only,  that  night  is  ufeful 
to  us.  Its  coolnefs  like  wile  is  of  ufe : and  this  increa- 
fmg  the  fpring  of  the  air,  makes  it  capable  of  working 
with  greater  activity,  and  giving  new  rigour  both  to 
the  dry  plants  and  the  enfeebled  animals.  It  is  to  pre- 
ferve  this  cool,  that  thy  moon  reflecting  the  light  of 
the  fun,  givesit  without  any  fenfible  heat.  In  vain  do1 
we  collect  her  fays  by  the  fttongeft  burning  glafs.  An- 
admirable  caution  of-  the  Divine  Artificer,  who  has  re- 
ferved  for  the  night  feafon,  a light  ftrong  enough  to 
remove  darknefs,  yet  too  weak  to  alter  the  coolnefs  of 
the  air. 

When  man  is  inclined  to  have  the  benefit  of  this,- 
he  fees  no  more  the  profpeCts  of  the  day ; but  night 
in  her  turn,  favours  him  with  another,  that  has  charms 
to  itfelfv  ik.  . i 


We  cannot  doubt  but  thefe  immenfe  globes  of  fire; 
which  enlighten  our  night,  have  all  their  peculiar  ap- 
pointments, which  anfwer,  in  God’s  purpofes,  the  mag- 
nificence  of  their  appearance.  But  who  fliall  prefume 
to  explain,  what  the  Almighty' has  thought  fit  to  con- 
ceal ? The  fmall  glimpfes  which  a few  are  permitted', 
to  have,  being  quite  unknown  to  the  bulk  of  mankind* 
It  is  not  in  the  particular  deftination  of  each  ftar,  nor 
in  the  general  harmony  of  all,  that  we  are  to  look  for 
the  means  of  inftru&ing  man,-  or  regulating  his  affec- 
tions. But  yet  what  we  do  fee,  and  know  concerning 
them,  is  matter  for  the  deepeft  admiration.  We  fee 
innumerable  fires  hung  up  in  the  magnificent  ceiling 
©f  our  abode : and  the  dark  azure  which  ferves  them 
as  a ground,  ftill  heightens  their  beauty  and  brightnefs. 
But  their  rays  are  diJperfed  through  fpacesfo  irotnertfe,. 

that 
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that  when  they  come  to  us,  they  are  quite  deftitute 
of  heat.  Thus  by  the  Creator’s  providence  we  enjoy 
the  fight  of  a multitude  of  fiery  globes,  without  any 
danger  of  deftroying  the  coolnefs  of  our  night,  or  the 
quiet  of  our  repofe. 


The  fum  of  what  has  been  faid,  with  Tome  farther 
improvements,  I add  in  the  words  of  Mr*  Hervey. 


• ♦ 

“ The  earth  is,  in  fat,  a round  body,  though  in 
fome  parts  raifbd  into  hills,  or  funk  into  vallies,  in 
othefs  fpread  out  into  wide  and  immeafurable  plains* 
For  the  loftieft  mountains  bear  no  more  proportion  to 
the  whole  furface  of  the  ball,  than  a particle  of  duft 
on  the  aftrohomer’s  globe,  bears  to  its  whole  circum- 
ference. We  may  fancy  that  it  has  deep  foundations, 
and  reds  on  fome  folid  bafis.  > But  it  is  pendent  in  the 
wide  tranfparent  ether,  without  any  vifible  fupport 
either  from  above  or  beneath.  It  may  feem  to  remain 
ft  ill  and  mctionlefs:  but  it  is  continually  failing  through 
the  depths  of  the  (ky,  and  in  the  fpaee  of  twelve 
months  finiihes  the  mighty  voyage.  This  periodical 
rotation  produces  the  feafons,  and  completes  the  year- 
And  all  the  time  it  proceeds  in  its  annual  circle,  it 
fpins  upon  its  own  centre,  and  turns  its  Tides  alternately 
to  the  great  fountain  of  light.  By  this  means  the  day 
dawns  in  one  hemifphere,  *while  the  night  fucceeds  in 
the  other.  Without  this  expedient,  one  part  of  its 
regions,  would  during  half  the  great  - revolution,  be 
fcorched  with  exceffive  heat,  and  languifli  under  an 
uninterrupted  glare  : while  the  other  would  be  frozen 
to  ice,  and  buried  under  difmal  and  definitive  dark* 


nefs. 


“ The  earth  in  the  revolution  which  it  performs 
daily  on  its  own  axis,  whirls  about  the  rate  of  above  a 
thoufand  miles  an  hour.  What  an  amazing  force  mud 
be  requifite,  to  protrude  fo  vaft  a globe,  and  wheel  it 
on,  loaded  vrith  huge  rocks  and  mountains,  with  fuch 
a prodigious  degree  of  rapidity  J • * . V 


.<  i 


, . “ Mean  time  the  fun  which  feems  to  perform  its 

daily 
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daily  ftages,  is  fixed  and  immoveable.  It  is  the  great 
axle  of  heaven,  about  which  the  earth  and  many  large 
orbs  wheel  their  dated  courfes.  And  fmall  as  it  fee  ms, 
it  is  far  larger  than  the  earth  : Sir  Iiaac  Newton  fup- 
pofes,  999,009  times.  Are  we  ready  to  cry  out,  how 
mighty  is  the  being  who  kindled  iuch  a prodigious 
fire  ? And  keeps  alive  from  age  to  age,  fuch  an  enor- 
mous mafs  of  flame  ? And  yet  this  fun,  with  all 
its  attendant  planets,  are  but  a Very  fmall  part  of 
that  grand  machine,  th&  univerfe.  Every  ftar  is 
really  a vail  globe,  like  the  fun  in  fize  and  in  glory. 
Nay,  every  itar  as  fome  fuppofe,  is  not  barely  a world, 
but  the  centre  of  a magnificent  fyftem  ; has  a retinue 
of  .worlds  enlightened  by  its  beams,  and  revolving 
round  its  orb  : all  (which  are  loft  to  our  fight,  in  im- 
meafutable  wilds  of  ether.f 


u But  could  you  foar  farther  yet,  could  you  wing 
your  way  to  the  higheil  apparent  ftar,  you  would  there 
fee  other  ikies  expanded,  another  fun  diftributing  his 
beams  by  day,  with  ether  ftars,  that  gild  the  horrors  ~ 
of  the  alternate  night : and  other,  perhaps  nobler,  fy£  , 
terns  eftabliihed,  through  the  boundlefs  dimenfions  of 
fpace.  Nor  does  the  dominion  of  the  great  Sovereign, 
terminate  even  here.  Even  at  the  end  of  this  vafl  tour, 
you  would  find  yourfelf  advanced  no  farther  than  the 
fuburbs  of  creation  : arrived  only  at  the  frontiers  of 
the  great  Jehovah’s  kingdom* 


“ Think  on  this.  When  innumerable  bodies,  many 
of  them  more  than  a hundred  thoufand  miles  in  dia- 
meter, are  fet  in  motion  : when  the  orbits  in  which 
they  nqiove  are  extended,  to  hundreds  of  millions  of 
miles : when  each  has  a diftin<5i  and  feparate  fphere, 
for  finifhing'his  vafl:  circuit:  when  none  is  cramped,, 
but  each  freely  expatiates  in  his  unbounded  career : 
when  every  one  is  fo  immenfely  diftant  from  the  others 
that  they  appear  each  to  other,  as  only  fo  many  fpots 
of  light : how  aftoniftiing  is  the  expanfe  which  yields 


f All  this  is  spokei>  on  the  Newtonian  hypothesis. 
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room  for  them  all,  and  their  widely  diffuled  opera- 
tions ! To  what  lengths  did  the  Almighty  Builder 
ftretch  his  line,  when  he  marked  out  the  ftupendous 
platform ! I wonder  at  fuch  an  immeafurable  extent : 
my  thoughts  are  loft  in  this  abyfs  of  fpace. 

- _ — > "•w  ^ 

“ To  go  one  ftep  farther  ftill : when  I contemplate 
thofe  ample  and  amazing  ftru&ures,  ere&ed  in  endlefs 
magnificence,  over  all  the  ethereal  plains : when  I 
look  on  them  as  fo  many  repofitories  of  light,  or  fruit- 
ful abodes  of  life : when  I remember  there  are  orbs 
vaftly  more  femote,  than  thofe  which  appear  to  our 
unaided  fight : when  I ftretch  my  thoughts  to  the  in- 
numerable orders  of  beings,  which  inhabit  all  thofe 
fpacious  fyftems,  from  the  higheft  feraph  to  the  puny 
nations  that  tinge  the  plumb  with  blue,  or  mantle  the 
ftandingpool  with  green.  How  various  are  the  links 
;in  this  immenfe  chain,  the  gradations  in  this  univerfal 
fcale  of  exiftence  ! Yet  all  thefe  are  the  work  of  God’s 

hand,  and  are  full  of  his  prefence ! 

1 ; 

I • . . - V *x  ^ . • / 

“ He  rounded  in  his  palm  thofe  dreadfully  large 
globes,  which  are  pendulous  in  the  vault  of  heaven. 
He  kindled  thofe  aftonifliingly  bright  fires,  which  fill 
the  firmament  with  a flood  of  glory.  By  him  they 
are  fufpended  in  fluid  ether,  and  never  can  be  fhaken : 
by  him  they  difpenfe  a perpetual  tide  of  beams,  and 
never  are  exhaufted.  He  formed  that  exquifitely  fine 
collection  of  tubes,  that  unknown  multiplicity  of  fub- 
tle  fprings,  which  organize  and  actuate  the  frame  of 
the  minuteft  infetfh  He  bids  the  crin^on  current  roll, 
the  vital  movements  play,  and  joins  together  a"  world 
of  wonders,  even  in  an  animated  point.  For  there  are 
living  creatures  abundantly  fmaller  than  a mite.  Mr. 
Bradly  mentions  fome,  which  by  computation  he  found 
to  be  a thoufand  times  lefs  than  the  leaft  vifible  grain 
of  fand : at  the  fame  time  he  declares,  that  this  was 
* a bulky  being,  compared  to  others  difcovered  by  Mr. 
Lewenhoek.  If  then  we  confider  the  feveral  limbs, 
which  ccmpofed  fuch  an  organized  particle : the  diffe- 
rent fprings  which  actuate  thofe  limbs ; the  flow  of 
ipirits  which  put  thofe  fprings  in  motion  ; the  various 

fluids 
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fields  which  circulate ; the  different  fecretionsr  whicfr‘ 
muft  neceffarily  be  performed ; together  with  the  pro*' 
portionable  minutenefs  of  the  folids,  before  they  ar- 
rive at  their  full  growth  : we  fhall  fee  the  utmoft  rea- 
fon  to  own,  that  the  Creator  is  greatly  glorious  even 
in  his  fmalleft  works^ 

w Ter  conclude  thi^head.  IF  the  ftarS  are  maga- 
zines of  fire,  and  immenfe  refervoirs  of  light,  undoubt-  ‘ 
edly  they  have  fome  grand  ufes,  fuited  to  the  magni- 
ficence of  their  nature.  To  determine  What  ufes,  is 
not  poffible,  in  our  prefent  ftate  of  diftance  and  igno-* 
ranee.  This  however  is  clear,  • they  are  difpofed  in 
fuch  a manner,  as  is  moft^  pleafmg,  and  ierviceable  to^ 
mankind.  They  are  not  placed  at  fuch  an  infinite  re*: 
move,  as  to  lie  beyond  our  fight:,  neither  are  thejr 
brought  fo  near  to  our  abode,  as  to  annoy,  us  with  their^' 
beams.”  - 

12.  A year  or  tw*o  after  the  preceding"  volumes  were  * 
publifiied,  the  little  fketch  of  aftronomy  therein  given,' 
(or  rather  my  doubts  concerning  it)''  was  warmly  at- 
tacked in  the  London  magazine.  The  fubftance  of 
thofe  obje£tions,-and  of  my:  anfwer,.  I have  here  fub-' 


Sir^ 

1 am  obliged  to  you  fofyotirqtiefies  and  -remarks 
and  fo  ‘I  fhall  be  to  any  who  wifi  point  out  any  thing 
wherein*  they  think  I have  been  miftakem-  It  would 
not  be  ftrange,  if  there  fhould  be  many  miftakes  in  the 

Compendium  of  Natural-  Philofophy as  philofo-- 
phy  is  what  for  many  years  I have  only  looked  into  at 
leifure  hours*  Accordingly  in  the  preface  of  that  trea-  * 
tife  I faid, l am  thoroughly  fenfible,  there  are  many,  > 
who  have  more  ability,  as  well  as  leifure,-  for'  fuch  a1 
work  than  me*  But  as  none  of  them  undertakes  it,  I* 
have  myfelf  made  fome  little  attempt  in  the  following* 
volumes*”' 

Q , You  fay,  the  fun  is  fuppofed  to  be  abun-- 

E-3  > dautly1 
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dantly  larger  than  the  earth.  Is  it  not  demonftrable 
that  he  is  fo  ?”  , 

I do  not  know  whether  it  is,  or  no. 

Q.  2.  “ Why  do  you  fay,  the  moon  is  fuppofed  to 
be  forty-five  times  fmaller  than  the  earth,  when  the 
moon’s  bulk  is  nicely  known?”  _ 

It  is  not  known  by  me,  nor,  I doubt,  by  any  man 
elfe.  ' 

r * • ' . T . ' i 

Q.  3.  “ You  fay,  Jupiter  is  fuppofed  to  be  twenty- 
five  times  larger  than  the  earth  : and  in  the  next  page, 
that  his  diameter  is  fuppofed  to  be  130,655  miles.  If 
fo,  is  he  not  4096  times  larger  than  the  earth  ?” 

Undoubtedly.  But  Ido  not  undertake  to  defeud 
e‘*her  one  fuppofition  or  the  other. 

! ‘ • V % ~ - N 

Remark  1.  “ You  fay,  p.  148.  Even  with  refpeft 
to  the  diftance  of  the  fun,  it  is  wifeft  to  confels  our  ig- 
norance, and  to  acknowledge  v/e  have  nothing  to  reft 
upon  here,  but  mere  uncertain  conjectures.” 

I did  not  fay  this  of  the  diftance  of  the  fun  in  par- 
ticular. My  words,  p.  146  are,  “ With  regard  to 
their  diftance  from  the  earth,  (the  diftance  of  all  the- 
bodies  in  the  folar  fyftem)  there  is  fuch  an  immenfe  dif- 
ference in  the  calculations  of  aftronomers,  even  with 
refpecl  to  the  diftance  of  the  fun — that  it  is  wifeft  to 
confefs  our  ignorance,”  namely,  with  regard  to  their 
diftance.  , 

To  prove  that  we  are  not  ignorant  hereof,  you  fay, 
€<  The  knowledge  of  the  fun’s  diftance  depends  on 
finding  its  parallax,  or  the  angle  that  the  femi-diameter 
of  the  earth  appears  under  at  the  fun,  which  angle  is 
fo  very  minute,  that  an- error  of  but  a fingle  fecond, 
will  give  the  diftance  very  confiderably  greater  or.lefs 
than  the  true  diftance.”  It  will:  and  therefore  I doubt* 
whether  the  diftance  of  any  heavenly  body  can  ever 
be  known  by  fchis  means. 

u But  Dr.  Keil  fays,  we  are  allured  by  various  me- 
thods mfcde  ufe  of  to  obierve  the  fun’s  parallax,  that 
his  diftance  from  us  is  more  than  twenty-eight  millions 
of  miles.”  He  may  be  aflured:  but  I am  net.  “ He 
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fays  farther?*  two  eminent  aftronomers  have  fince  de- 
termined the  fun’s  diftance  to  be  about  feventy-fix  mil- 
lions of  miles  : now  if  the  lead  diftance  poffible  is  ab- 
folutely  determined,  how  can  it  be  wifeft  to  confefs 
our  ignorance  ?”  If  it  be — but  I doubt,  it  cannot  be 
determined  at  all:  at  lead,  not  by  the  fun’s  parallax  : 
“ feeing  this" is  fo  very  minute  that  an  error  of  a {in- 
gle fecond  will  give  the  diftance  very  ccnfiderably 
greater  or  lefs  than  the  true.” 


R.  2.  In  p.  14*3,  ■ you  tell  us.-T-  -The  whole  para* 
graph  runs  thus.  “ It  is  now  almoft  univerfally  fup- 
pofed,  that  the  moon  is  juft  like  the  earth,  having 
mountains  and  vallies,  feas  with  iflands,  peninfulas 
and  promontories,,  with  a changeable  atmofphere* 
wherein  vapours  and  exhalations  rife  and  fall;  And 
hence  it  is  generally  inferred,  that  flie  is  inhabited  like 
the  earth,  and  by  parity  of  reafon,  that  all  the  other  pla- 
nets as  well  as  the  earth  and  moon,  have  their  refpe&ive 
inhabitants.”  [I  take  this  to  be  the  very  ftrength  of 
the  caufe.  It  was  this  confideration  chiefly,  which  ; 
induced  me  to  think  for  many  years;  that  all  the  pla- 
nets were  inhabited.  ~j  u But  after  all  comes  the  cele- 
brated Mr.  Huygens,  and  brings  ftrong  reafons  why 
the  moon  is  not*,  and  cannot  be  inhabited  at  all,  or 
any  fecondary  planet  whatever.  Then”  (if  the  firft 
fuppofition  finks,,  on  which  all  the  reft  are  built)  “ B 
doubt  we  fhall  never  prove  that  the  primary  are.  And 
fo  the  whole  hypothefis,  of  innumerable  funs  and 
worlds  moving  round  them,  vanilhes  into  air.” 

In  order  to  prove  that  there  are  innumerable  funs, 
you  fay,  U “ It  is  found  by  obfervations  on  the  pa- 
rallax of  the  earth’s  orbit,  that  a fixed  ftar  ijs  ten  thou- 
fand  times  farther  from  the  fun  than  we  are.” 

I can  build  nothing  on  thefe  obfervations,  |B1  paral- 
/laxes  can  be  taken  with  greater  certainty  than  they  are 
at  prefent.  Therefore  1 ftill  want  proof,  that  any  one 
fixed  ftar  is  one  thoufand  times  farther  from  the  fun 
than  we  are.. 


% “ They  are.  fiery  bodies.”  I fuppofe  thejr  are; 
? ' ( But 
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But  this  cannot  be  proved  from  their  diftance,  till  that 
N diftance  itfelf  is  proved, 

■ 3.  “ It  is  demonftrable,  that  Sirius  is  as  big  as  the 
fun.” 

Demonftrate  it  who  can. 

) - V ' ' . • . , 

4.  “ Seeing  the  fixed  ftars  are  not  much  lefs  than 
the  fun,  they  are  to  be  efteemed  fo  many  funs/* 

Not  much  lefs  ! How  is  this  proved  ? To  argue 
from  the  diftance,  is  to  prove  <c  ignotum  per  seque 
ignotum.” 

“ You  fee,  fir,  the  hypothefis  of  innumerable  funs, 
is  fo  far  from  vanifhing  into  air,  that  it  is  almoft  al- 
together founded  on  demonft  ration.” 

Indeed  I do  not  fee  one  tittle  of  demonflratioi*  yet 
from  the  beginning  to  the  end. 

In  order  to  prove  that  the  planets  are  inhabited,  you 
fay,  1.  “The  earth  is  fpherical,  opaque,  enlightened 
by  the  fun,  calling  a lhadow  oppofite  thereto,  and  re- 
volving round  it,  in  a time  exactly  proportioned  to  its 
diftance.  The  other  planets  refemble  the  earth  in  all 
thefe  particulars.  Therefore  they  likewife  are  inha- 
bited.^ I cannot  allow  the  confequence. 

.2.  “ The  earth  has  a regular  fucceffion  of  day  and 
night,  fummer  and  winter.  So  probably  have  all  the 
planets.  Therefore  they  are  inhabited.”  I am  not 
fure  of  the  antecedent.  But  however  that  be,  I deny 
the  confequence. 

3.  “ Jupiter  and  Saturn  are  much  bigger  than  the 
•arth.”  Does  this  prove  that  they  are  inhabited  ? 

- 4.  “jtt'he  earth  has  a moon,  Jupiter  hasfour,  Sa- 
turn fiv^  each  of  them  larger  than  ours.  They  eclipfe 
their  refpedtive  planets,  and  are  eclipfed  by  them.”  j 

All  this  does  not  prove  that  they  are  inhabited. 

. • 

5.  “ Saturn’s  ring  reflects  the  light  of  the  fun  upon 

him.”  - * 


I am 
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I am  not  fure  of  that.  And  till  the  fa&  is  afcer- 
tained,  no  certain  inference  can  be  drawn  from  it. 

60  u But  rs  it  probable  God  fhould  have  created  pla-~ 
nets  like  our  own,  and  furnifhed  them  with  fuch  an 
amazing  apparatus,  and  yet  have  placed  no  inhabitants 
therein  ?”  ; 

Of  their  apparatus  I know  nothing  1 however  if  all 
you  aflTert  be  the  probability  of  their  being  inhabited*  I 
contend  not. 

7.  “ They  who  affirm,  that  God  created  thofe  great 
bodies,  the  fixed  ftars,  only  to  give  us  a fmall  dim 
light,  muft  have  a very  mean  opinion  of  the  Divine 
Wifdom.,r 

Tdo  not  affirm  this,  neither  can  I tell,  for  what 
other  ends  he  created  them  r he  that  created  them 
knows.  But  I have  fo  hfgh  an  opinion  of  the  Divine 
Wifdom,  that  1 believe  no  child  of  man  can  fathom  it- 
It  is  our  wifdom  to  be  very  wary  how  we  pronounce 
concerning  things  which  we  have  not  feen. 

R.  10.  “ Suppofe  fome  intelligent  being  in  one.of  the* 
planets,,  who  were 

% - 

Slaves  to  no  fe£t,  who  fought  no  private  roadj 

But  look’d  thro*  nature  up  to  nature’s  God  r 

viewed  the  earth  from  thence,  they  would  argue,  it* 
muft  be  inhabited,,  as  we  argue  that  the  other  planets 
are.  But  die  fuperftitious  would  oppofe  this  do&rine,- 
and  call  it  mere  uncertain  conjecture.” 

I fee  no  argument  in  this  : but  perhaps  I do  not  un- 
derftand  it.  Are  you  applauding  the  fuppofed  inhabi- 
tants of  Venus,  fox  not  being  flaves  to  thefolhri it i air 
feCt  ? Otherwise,  what  has  fuperftition'  to  cro  in  the 
cafe  ? Why  is  this  dragged  in  by  the  head  and  fhoul* 
ders  ? If  there  be  fuperftition  here,  it  is  on  your  fide, 
who  believe  becaufe  you  will  believe : who  affent  to 
what  you  have  no  evidence  for,  and  maintain  what  you 
cannot  prove;  , At  prefent  you  are  the  volunteer  in 
faith  ; you  fwallow  what  choaks  my  belief.. 

r.  in 
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R.  11.  “ You  quote  Dr.  Rogers,” — But  I do  not 
undertake  to  defend  his  hypothefis,  or  any  other. 

Our  beft  obfervators  could  never  find  the  parallax 
of  the  fun  to  be  above  eleven  feconds.”  But  I cannot 
depend  on  their  obfervations  : efpecially  when  I find 
one  of  the  chief  of  them,  in  computing  the  difiance  of 
the  fun,  to  ftride  from  twenty-eight  millions  of  miles,, 
to  feventy-fix  : near  fifty  millions  of  miles  at  once  ! 
After  this  let  any  impartial  man  judge  what  ftrefs  is  to 
.be  laid  on  parallaxes  ! 

But  Dr.  Rogers  fuppofes  the  parallax  of  the'un  to 
be  five  minutes,  which  others  cannot  find  to  be  above 
eleven  feconds.  Why  Do&or,  if  this  be  true”  (name- 
ly, that  the  parallax  which  was  lately  but  eleven  le- 
conds,  is  now  increafed  to  five  minutes)  “ the  earth 
has  approximated  thirty  times  nearer”  (a  little  h|ym- 
lefs  tautology)  “ to - the  fun.”  That  is,  if  both  the 
computation  of  Mr.  Keil,  and  that  of  Dr.  Rogers  be 
true  ! But  whoever  fuppofes  this  £ If  the  one  be  true, , 
the  other  is  undoubtedly  falfe. 

u To  conclude...  Since  there  is  no  arguing  againft: 
fa£ts,  and  fince  the  fun’s  parallax  is  found  not  to  ex- 
ceed eleven  feconds,.  ought  you  not  to  give  up  that 
hypothefis  as  abfurd  and  ridiculous 

Yes,  as  foon  as  any  of  thofe  fa<5ts  appear  : till  then  I 
neither  efpoufe  nor  give  it  up.  But  I dill  look  upon : 
it  as  extremely  ingenious,  and  full  as  probable  as  any: 
other. 

Before  I conclude,  permit  me,  fir, to  give  you  one 
piece  of  advice*  Be  not  fo  pofitive  : efpecially  with* 
regard  to  things  which  are  neither  eafy  nor  necefiary 
to  be  determined.  I ground  this  advice  on  my  own 
experience.  When  I was  young  I was  fure  of  every 
thing.  In  a few  years,  having  been  miftaken  a thou- 
fand  tij£8|S|  I was  not  half  fo  fure  of  mod  things  ^is  be- 
fore. MS^refent  I am  hardly  fure  of  any  thing,  but 
what  God  has  revealed  to  man.  f ; r 

Upon  the  whole,  an  ingenious  man  may  eafily  flou- 
xifh  on  this  head.  How  much  more  glorious  it  is  for 
the  great  God  to  have  created  innumerable  worlds,* 
than  this  little  globe  only  ! But  after  all,  I would  afk 
one  plain  queftion.  Suppofe  there  are  more  worlds 
than  there  are  fands  on  the  fea-fliore  ? Is  not  the  uni- 

* verfe 
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verfe  finite  ftill?  It  mu  ft  be,  unlefs  itbe  God.  And 
if  it  be  finite,  it  can  ftill  bear  no  proportion  to  him  that 
is  infinite:  no  more  than  this  ball  of  earth  does.  How 
large  fo  ever  it  be,  ftill  compared  to  him  it  is  as  no- 
• thing,  as  the  fmall  duft  of  the  balance.  Do  you  alk 
then  what  is  this  fpot  to  the  great  God  ? Why,  as 
much  as  millions  of  fyftems.  Great  and  little  have 
place,  with  regard  to  us  : but  before  him  they  vanilii 
away.  Enlarge  the  bounds  of  creation  as  much  as  you 
/pleafe,  ftill  it  is  but  a drop  to  the  Creator. 

And  ftill  the  power  of  his  Almighty  hand. 

Can  form  another  world  from  every  fand  ! 

Yet  were  this  done,  there  would  be  no  more  propor- 
tion*bet\veen  the  world  and  its  Creator,  thai^  t^ere  is 

now  ! . , , • * ' 

r ' ; . ; - - 

It  will  eafily  be  obferved  that  I do  not  deny,  but  on- 
ly doubt  of  the  prefent  fyftem  of  aftronomy.  But  the 
ingenious  Mr.  Kennedy  goes  much  farther  in  his  af- 
tronomicalv chronology.  I beg  leave  to  prefent  the 
impartial  fearchers  after  truth,  with  a lhort  extract 
. from  it.  . 

" Although  many  perfons  of  great  abilities  have 
thought  facred  chronology  worthy  their  moft  diligent 
refearches,  yet  they  have  all  failed  in  the  main  point. 
They  have  taken  it  for  granted,  that  the  fcriptural 
computations  are  quite  unaftronomical.  The  title  o£ 
“ The  World’s  Chronology,”  has  been  fixed  to  very 
different  collections  of  years,  without  looking  for  apy 
aftronomical  aera,  to  fuppport  the  title.  This  is  the 
firft  attempt  of  that  kind  which  has  been  made. 

“ I have  lately  proved  the  fundamental  pjgpjofition 
of  the  following  fcheme,  namely,  that  Mofesnxes  the 
pofition  of  the  fun  and  moon,  with  regard  to  each 
other  at  the  creation.  And  this  revealed  pofition  of 
the  fun  and  moon,  with  refpeCl  to  each  other  at  the 
creation,  I call  the  fcriptural,  aftronomical  aera. 

“ By  means  of  this  aera  we  may  keep  even  pace  wfith 
the  two  great  luminaries,  from  the  firft  year  of  the 

world 
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■world  till  now.  And  till  now  my  conclufions  are  con- 
firmed, by  the  joint  atteftations  of  the  fun  and  moon,- 
the  two  faithful  witnefles  in  heaven. 

“ By  thefe  it  is  fully  proved*  that  time  commenced  at- 
our  autumnal  equinox,  at  the  fourth  day  of  the  creati- 
on, at  the  full-moon,  or  the  fifteenth  day  of-  the  firft- 
month  of  the  firft  lunar  year. 

“ From  the  autumnal  equinox  at  the  creation  to  the'' 
fame  in  1-76 1>  have  elapfed  5768  years.  Indeed  Ca- 
pellus  fuppofes  time  to  commence  two  years,  Archbi- 
Ihop  U filer  four  years  later.  But  could  the  error  of  a 
fingle  year  be  difcovered  in  the  feries  I have  collected,, 
all  would  fall  to  the  ground. 

“Touching  the  common  aftronomy,  1 obferve,  1.- 
Aftronomere  ftill  divide  ;he  ecliptic  into  360  degrees. 
But  hew  unnaturally  ? Three  hundred  and  fixty  de- 
grees, and  near  one  fourth,,  are  undeniable  more  cor- 
refpondent  to  the  fun’s  annual  motion.  And  upon 
this  divifion  w#  can  make  a truer  calculation,- than  can* 
be  made  upon  any  other.- 

r _ \ ' -T 

“2 1 The  inequality  of  folar  tropical5  years*  and  the* 
inequality  of  equations  of  natural  days,  are  eftabliftied1 
do&rines*  But  whoever  computes  the  times  of  equi--* 
noxes  and  folftices,  and  fubmits  his  calculations  to  the 
teft  of  the  lateft  and  beft  obfervations,>  will  find  no- 
room  for  any  equations  at  alh. 

s \ 

’ j \ 

“ 3.  Aftronomers  unanimoufly  maintain,  that  at  the 
end  of  nineteen  lunifolar  years,  the  mean  new  moons,- 
and  the  mean  full  moons  happen,-  about  an  hour  and  a 
lialf  fooner  than  they  did  at  the  beginning  of  the  cycle. 
On  the  contrary,- 1 undertake  to  evince,  that  the  very 
reverie  of  this  is  true.  I-  allow,  that  at  the  end  of  nine- 
teen lunifplar  years,  the  moon  departs  from  the  fun  : 
but  it  departs  from  it,  not  by  a retroceffion  weftward, 
but  by  a progreffion  eaftward.  That  isr  the  means 
new  moons < and  the  mean  full  moons  fall  out,  not-  an 
hour  and  a half*  fooner,  but  almoft  two  hours  later. 
Therefore  the  dodtrine  of  lunar  anticipations  has  ijo 
foundation  in  nature.- 

< • “4.  Although- 
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w 4.  Although  the  quantity  of  a folar  tropical  year 
is  a conclufion  in  aftronomy,  yet  fuch  an  unhappy  fa-  - 
tality  has  attended  this  refearch,  for  almoft  two  thou- 
fand  years  paft,  that  whoever  examines  the  vaft  varie- 
ty of  opinions,  muft  fee  nothing  has  yet  been  determin- 
ed with  certainty.  So  that  inftead  of  a precife  and  e£ 
tabliflied  definition,  he  finds  little  more  than  this  gene- 
ral account,  that  the  quantity  of  the  natural  year  has 
been  long  and  much  fought  after,  but  with  fmall  fuc- 
cefs  :•  fo  that  it  feems  at  this  day  to  remain  among  the 
yet  undifcovered  fecrets  of  nature. 

“ Indeed  to  know  this  with  all  exaCtnefs,  one  would 
think  no  more  is  needful  than  to  examine  the  tables  of 
obfervations.  Let  us  then  examine  that  made  by  Ty- 
cho Brache,  in  Queen  Elizabeth’s  time,  and  that  by 
Doctor  Bradley  a hundred  and  feventy  years  after. 
But  in  Tycho’s  table  of  twelve  terminations,  feven  of 
them  differ  a minute  from  the  other  five-  And_this> 
difference  perplexes  the  conclufion,  anil  leaves  it  in  a. 
(late  of  uncertainty.  Proceed  we  then  to  Dr.  Bradley’s 
tables.  But  thefe  leave  a latitude  of  twenty-one  mi- 
nutes. Thus  we  fee  how  imperfeCt  the  knowledge 
even  of  the  folar  tropical  year  ftill  is,  and  that  no  true 
judgment  can  be  formed  concerning  it,  either  from  ob- 
fervation  or  tabular  calculation. 

u 5.  It  requires  no  fmall  (kill,  even  to  determine' 
the  diftances  of  the  fun’s  four  ftations,  at  the  vernal 
and  autumnal  equinox,  and  the  fummer  and  winter 
folftice.  Nay,  it  is  a queftion  whether  this  determina- 
tion likewife  muff  not  ftill  be  reckoned  among  the  fe- 
crets of  nature. 

“ And  if  we  fhould  correct  the  tables  of  thefe  by  Dr. 
Keil’s  Rule,  yet  this  very  correction  leaves  us  four  dif- 
ferent meafures  according  to  the  majority  of*  Tycho 
Brache’s  corrections,  according  to  Sir  Ifaac  Newton’s^ 
Dr.  Halley’s,  and  Dr.  Bradley’s  corrections.  So  that 
ftill  we  come  to  no  certainty,,  even  as  to  the  folar  ftati- 
ons. We  are  at  a ftand*  like  a traveller,  who  arriving 
at  a place  where  four  ways  meet,  is  at  a full  flop,  for 
want  of  a clear  diftinCtipn*  which  of  them  to  take.. 

“ 6.  The. 
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11  6.  The  greateft  aftronomers  are  not  agreed,  even 
as  to  the  length  of  a natural  day« 

u Mr.  Fergufori  obferves,  „ 

“ The  fixed  ftars  appear  to  go  round  the  earth  in 
twenty-three  hours,  fifty-fix  minutes  and  fourfeconds, 
and  the  fun  in  twenty-four  hours.  Therefore  in  three 
hundred  and  fixty-five  days,  meafured  by  the  returns 
of  the  fun  to  the  meridian,  there  are  three  hundred 
and  fixty-fix  days  as  meafured  by  the  ftars  returning  to 
it.  The  former  are  called  folar  days,  the  latter  fide- 
real.  But  whoever  will  compare  this  with  the  deter- 
minations of  Dr.  Keil,  will  find^them  flatly  contradic- 
tory to  each  other.  And  the  farther  he  examines  the 
moft  celebrated  writings,  the  more  deeply  he  will  be 
convinced,  that  neither  the  precife  length  of  a fidereal 
day,  nor  the  complement  of  the  folar,  has  yet  been  de- 
termined with  certainty.” 

Whoever  defires  to  fee  thefe  propofitions  proved  at 
large  may  bailie  recourfe  to  the  book  itfelf.  But  if 
thefe  things  are  fo,  what  becomes  of  the  whole  fabric 
of  even  Newtonian  aftronomy  ? How  can  I depend 
on  the.  calculations  of  thofe  concerning  the  motions  of 
the  heavens,  who  know  fo  little  about  the  earth  ? What 
inftru&ions  can  they  give  me  concerning  other  fyftemsr 
who  are  fo  unlkilled  with  regard  to  our  own  ? Why 
does  not  fome  eminent  aftronomer  undertake  this  dar- 
ing man,  who  fo  violently  attacks  the  very  foundati- 
on of  their  building  ? For  if  his  remarks  are  juft,  fen-- 
fible  men  will  be  inclined  to  think,  that  after  all  the  pa- 
rade of  mathematical  demon ftration,  there  is  little  more 
certainty  m aftronomy  itfelf,  that  even  in  judicial  aftro- 
logy  ! 

And  how  juft  are  the  great  Mr.  Boyle’s  remarksr 
upon  the  whole  of  Natural  Philofophy  ? “ The  moft*. 

fays  he,  even  of  modern  virtuofi*  fancy  more  certainty 
in  their  phyfical  theories  than  a critical  examiner  will 
find.  I will  touch  only  on  two  fubje&s,  which  we  com- 
monly think  are,  and  which  furely  ought  to  be,  moft 
thoroughly  underftood  : I mean,  the  nature  of  tire  bo- 
dy in  general,  and  the  nature  of  lenfation.  As  to  the 
firft,  fince  we  turn  qurfelves  no  way,  but  we  are  envi- 
roned 
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rOned  by  corporeal  fubftances,  one  would  think,  an  ob- 
ject that  fo  many  ways  affeCts  our  fenfes,  ftiould  be  per- 
fectly known  to  us.  And  yet  the  notion  of  the  body  _ 
in  general,  or  what  it  is  that  difcrimrnates  bodies  from 
other  fubftances,  is  not  by  any  means  agreed  even 
among  the  modern  philofophers.  And  indeed,  no  ac- 
count of  it,  which  has  yet  been  given,  will  extricate  us 
out  of  the  difficulties  of  that  no  lefs  perplexed  than  fa- 
mous dispute,  “ Of  the  Compofition  of  Bodies.”  But 
the  difficulties  attending  this,  will,  till  they  are  remov- 
ed, fpread  a thick  night  over  the  notion  of  bodies  in  ge- 
neral. For  either  a corporeal  fubftance  is  divifible  in- 
to extended  parts,  and  each  of  thefe  divifible  into  ofcher 
parts  fmaller  and  fmailer,  ad  infinitum,  or  this  divifion 
muft  ftop  fomewhere.  But  there  are  inconveniences, 
not  to  lay  abfurdities  urged  againft  either  of  thefe  fup- 
pofitions.  The  objections  on  both  fides  are  fo  ftrong 
that  the  moft  ienfible  and  candid  men,  after  having 
tired  themfelves  and  their  readers  with  ftfiving  to  folve 
them,  have  at  length  owned  them  to  be  infoluble. 

w But  though  we  do  not  under  (land  the  nature  of  bo- 
dies in  general,  muft  we  not  perfectly  underftand  what 
pafles  within  ourfelves,  in  reference  to  the  particular 
bodies  we  daily  fee,  and  hear,  and  fxnell,  and  tafte, 
and  touch  ? Thefe  we  know  by  our  fenfes  2 but  how. 
little  do  we  know  of  the  manner  wherein  our  fenfes  in- 
form us  of  any  thing  ? Senfation  we  allow  is  not  per- 
formed by  the  organ,  but  by  the  mind  perceiving  the 
motion  produced  in  the  organ.  , Afk  then  a philofo- 
pher  how  the  foul  comes  to  be  wrought  on,  and  that  in 
fuch  various  manners,  by  thofe  external  bodies,  which 
are  the  objects  of  our  fenfes  ? He  will  tell  you,  that  by 
the  impreffion  on  the  organs,  they  variously  move  the 
nervous  fibres,  wherewith  thofe  parts  are  endowed,  by 
which  the  motion  is  propagated  to  the  brain  : where 
thefe  motions  being  perceived  by  the  foul,  become  fen- 
fations,  through  the  intimate  union  of  the  foul'  with 
the  body.  But  give  me  leave  to  take  notice  t;hat  this 
union  of  an  incorporeal  with  a corporeal  fubftance,  is  a 
thing  fo  difficult  to  comprehend,  that  the  profoundeft 
fecrets  of  theology,  not  to  fay  the  incarnation  ilfelf, 
are  not  more  abftrufe  than  this.  . For  how  can  we  con- 


ceive 


11 


( H6  ) . 

ceive  that  a fubftance  purely  immaterial,  fhould  be 
united  without  any  medium  (and  in  this  cafe  there  can 
be  none)  with  a body  that  cannot  poffibly  lay  hold  on 
it,  and  which  it  can  pervade  and  fly  away  from  at 
pleafure  ? And  it  is  almoft  as  difficult  to'  conceive, 
how  any  part  of  the  body,  without  excepting  the  ani- 
mal fpirits  of  the  brain  (for  thefe  are  as  truly  corpo- 
real as  the  other  parts)  can  make  impreffion  on  a fub- 
ftance perfectly  incorporeal,  and  which  is  not  affe&ed 
by  the  motions  of  any  parts  but  the  nerves.  Nor  is  it  a 
fmall  difficulty  to  conceive  how  a finite  fpirit,  can  ei- 
ther move,  or  (which  is  much  the  fame  thing)  regu- 
late and  determine  the  motion  of  the  body. 

“ And  fuppofe  the  foul  in  the  brain  does  perceive^ 
the  different  motions  communicated  to  the  fenfes,  yet 
this,  though  it  may  give  fome  account  of  fenfation  in 
general,  does  not  give  us  any  fatisfa&ory  reafons  of 
particular  fenfations.  For  if  I demand*  for  inftance, 
when  I look  on  a bell  that  is  ringing,  fuch  a motion,  ia 
the  brain  produces  in  the  mind  the  perception  of 
feeing  and  net  hearing,  and  another  motion  com- 
ing from  the  fame  bell!  at  the  fame  time,  produces 
in  the  mind,  the  perception  of  hearing,  not  feeing : . 
what  can  be  anfwered,  but  that  fuch  is  the  good 
pleafure  of  the  Author  of  Nature?  And  if  we 
afk  about  the  differing  objedts  of  any  one  fenfe* 
as,  why  the  light  reflected  from  fnow,  produces  a fen- 
fation of  whitenefs  rather  than  rednefs  ? Why  Caflor 
produces  a ftink,  and  not  a perfume  ? Why  fweet 
things  generally  pleafe,  and  bitter  difguft  us  Nay, 
why  a little  of  fome  objects  (fuppofe  fire)  will  give 
pleafure,  a little  more  of  them  give  pain  ? To  thefe 
and  a thoufand  other  queftions  of  the  fame  kind,  it  can 
only  be  anfwered,  fuch  is  the  nature  of  man.  So  plain 
is  it,  that  we  are  yet  to  feek  both  for  the  definition  of 
a corporeal  fubftance,  and  for  a fatisfadtory  account  of 
the  manner  of  our  own  fenfations.  Yet  without  the 
true  notion  of  a body,  we  cannot  underftand  the  ob^ 
jedl  of  phyfics  in  general : and  without  knowing  the 
nature  of  the  fenfation,  we  are  ignorant  of  that,  from 
which  we  derive  almoft  all  that  we  know  of  any  body 
in  particular.  . ' 

u And  as  our  philofophical  knowledge  fs  not ~ very 
deep,  not  reaching  with  any  certainty  to  the  bottom  of 
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the  moft  obvious  things,  nor  penetrating  to  their  in- 
moft  nature  : fo  it  is  not  very  wide,  not  being  able  to 
give  us  with  any  clearnefs  or  particularity,  an  account 
either  of  the  celeftial  parts  of  the  world,  or  of  the  deep- 
ly fubterraneous  parts  of  which  the  fuperficial  part  is 
but  a fmall,  not  to  fay  contemptible  portion.  As  to 
the  very  globe  we  inhabit,  (not  to  mention  how  many 
plants  and  minerals  we  are  wholly  ignorant  of,  and  how 
many  others  we  are  but  flenderly  acquainted  with)  the 
objects  about  which  our  inquiries  and  experiments  are 
converfant  all  belong  to  the  fuperficial  parts  of  the 
globe,  of  which  the  earth  known  to  us  is  but  the  cruft. 
But  what  the  internal  part  of  it  is,  we  no  more  know, 
than  What  is  the  fubftance  of  the  remoteft  ftars.  Even 
among  the  moderns  fome  think  the  internal  part  of  it, 
is  pure  -elementary  earth.  Others  imagine  it  to  be 
fire,  the  receptacle  of  natural  or  hellilh  flames,  Others 
will  have  the  earth  to  be  a folid  magnet ; while  others 
believe  it  was  once  a fixed  ftar ; and  that  though  it  is 
now  degenerated  into' a planet,  yet  its  internal  parts 
are  of  the  fame  nature  as  before  : the  change  proceed- 
ing only  from  thick  fpots  that  cover  it,  (like  thofe  fre- 
quently obferved  upon  the  fun)  by  the  condenfation 
whereof  the  firm  earth,  which  we  inhabit,  was  formed. 
And  it  is  as  difficult  to  demonftrate  the  falfehood,  as 
the  truth,  of  each  of  thefe  jarring  opinions.  For 
whereas  it  is  at  leaft  three  thoufand  five  hundred  miles 
"to  the  centre  of  the  earth,  it  does  not  appear,  that  men 
have  been  able  to  penetrate  towards  it  either  by  land 
or  by  fea,  above  one,  or  two  miles  at  the  moft,  and 
that  not  in  above  three  or  four  places.  So  that  as  yet 
we  have,  not  penetrated  any  thing  deep  upon  the  hulk, 
without  at  all  reaching  the  kernel  of  the  globe.  And 
what  is  this  globe,  of  which  itfelf  vre  know  fo  little, 
to  thofe  vaft  globes  of  which  we  know  muchlefs? 
For  though  the  former  aftronomers  give  us  their  difc 
tances  and  magnitudes  as  exactly  as  if  they  had  mea- 
fured  them,  yet  the  latter  mathematicians  give  us  realon 
to  doubt  of  what  thofe  have  delivered.  For  fince  we 
can  obferve  no  parallax  in  the  fixed  ftars,  (nor  perhaps 
in  the  higheft  planets)  we  muft  ftill  be  to  feek  for  a. 
method  to  meafure  the  diftance  of  thofe  bodies.  And 
not  only  the  Copernicaus  make  it  many  hundred  thou- 
fand 
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fand  miles  greater  than  the  Ptolemeans,  but  Ricciolus 
makes  it  vaftly  greater  than  the  Copemicans  themfelves. 
Nor  can  we  wonder  at  thefe  huge  difcrepances  (though 
fome  amount  to  many  millions  of  miles)  when  we  con- 
fider  that  aftronomers  do  not  meafure  the  diftance  cf 
the  fixed  ftars,  by  their  inftruments,  but  each  accom- 
modates the  diftance  of  them  to  his  peculiar  hypothe- 
cs. From  this  uncertainty  of  the  diftance  of  the  fixed 
ftats,  it  is  eafily  inferred,  that  we  are  notfure.of  their 
bufic : no,  not  even  in  reference  to  one  another  : fince 
it  is  doubtful  whether  the  different  fizes  they  appear  to 
be  of,  proceed  from  an  inequality  of  bulk,  or  only 
from  an  inequality  of  diftance.  Butbefides  thefe,  there 
are  divers  things  relating  to  the  ftars,  fo  remote  from 
our  knowledge,  that  they  are  not, even  inquired  into: 
fuch  as  thefe.  Why  the  number  of  the  ftars  is  neither 
greater  nor  lefs  than  it  is  ? Why  fo  many  of  them  are  * 
fo  placed,  as  not  to  be  vifible  to  the  naked  eye?  Why 
of  the  vifible  ones,  fo  many  are  in  one  part  of  the  fty, 
and  fo  few  in  others  ? Why  they  are  not  placed  in 
fome  order,  but  fcattered  over  the  Iky,  as  if  it  were, 
by  chance  ? Many  queftions  might  be  added,  as  con- ' 
cerning  the  ftars,  fo  concerning  the  interftellar  parts: 
as  whether  they  are  empty,  fave  where  they  are  per- 
vaded by  light,  or  filled  with  ethereal  matter  ? So  that 
our  knowledge  is  much  fhort  of  what  is  generally 
thought.  For  the  earth  being  but  a point  compared  # 
to  the  orb  of  the  fun : which  orb  itfelf  is  but  a point 
in  refpe#  of  the  firmament : of  how  little  extent  muft 
our  knowledge  be  which  leaves  us  totally  ignornant  of 
fo  many  things . touching  the  vaft  bodies  which  are 
above  us,  and  penetrates  fo  little  a way  into  the  earth ; 
beneath  us,  that  it  feems  confined  to  but  a fmall  ftiare 
of  a fuperficial  part  of  a phyfical  point.” 

Perhaps  it  will  be  acceptable  to  calm,  difpaflionate 
men,  if  1%  add  another  extra#  frQm  a very  fenfible 
writer,  containing  a few  fhort  obfervations,  on  the 
whole  prefent  fyftem  of  philofophy. 

. M . ..  ' , • 

1.  The  firft  axiom  in  the  prefent  philofophy  is,  that 
all u matter  is  indifferent  to  motion  or  reft.”  But  do  we  " 
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not  here  (tumble  at  the  threfliold  ? laying  as  a fundamen- 
tal truth,  what  is  manifeftly  falfe?  For  motion  and 
reft  are  fuch  oppofites,  that  it  implies  a contradiction 
to  fuppofe  an  equal  difpofition  to  either,  inherent  in 
the  fame  body.  The  one  is  a pofitive,  which  necefla- 
rily  implies  power,  the  other  a mere  negative,  which 

implies  no  power  in  any  direction. 

v * . v * 

2.  Matter  containing  in  itfelf  no  power  of  any  kind, 
can  give  no  refiftance-  to  any  impreffion  upon  it : nei- 
ther  can  it  of  itfelf  continue  to  exert  the  effects  of  that 
impreffion.  Therefore  the  fecond  axiom,  or  rather 
the  phenomena,  from  which  it  is  deduced,  muft  arife, 
not  from  matter  in  itfelf,  but  from  the  relation  which 
all  matter  bears  to  the  univerfal  fyftem  of  nature. 

3.  The  third  axiom,  concerning  re-aCtion  is  as  ex- 
ceptionable as  the  two  former.  For  it  may  eafily  be 
Ihewn,  that  the  re-aCtion  of  matter  depends  entirely 
on  gravity.  If  gravity  were  fubtraCted,  there  is  no 
proof  or  reafon  to  fuppofe,  that  bodies  would  exert 

" either  refiftance  or  re-aCtion.  All  thefe  axioms  there- 
fore, inftead  of  being  abfolute  laws,  are  mere  -pheno- 
mena depending  on  other  caufes,  which  caufes  it  is  in- 
cumbent upon  the  philofopher  to  look  for. 

4.  The  projectile  power  never  can  balance  that  of 
gravitation,  fo  as  to  maintain  the  motion  of  the  pla- 
nets; It  can  never  recover  its  force  when  it  is  refilled, 
whereas  gravity  can.  Therefore  the  conftant  bending 
of  its  direction,  which  muft  be  equal  to  a conftant 
proportionable  refiftance,  muft  uniformly  and  perpetu- 
ally weaken  its  power,  and  ftrengthen  that  of  gravita* 
tion ; fo  that  the  direction  of  motion  muft  neceffarily 
fink  more  and  more,  and  at  laft  fall  wholly  into  the  di- 
rection of  gravitation.  It  follows  that  no  power  aCiing 
upon  an  orb  which  gravitates  towards  its  centre  of 
motion,  can  poffibly  maintain  its  projectile  motion,  in 
the  direction  of  a circle, 

5.  Even  on  fuppofition  that  projection  and  gravi- 
tation equally  retained  their  propenfity  to  motion 
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though  refitted,  yet  thofe  powers  could  not  more 
the  planets  in  eclipfes,  becaufe  in  thevfame  propor- 
tion as  the  one  prevailed  over  the  other,  in  the  fame 
proportion  it  mutt  alter  the  tendency  of  motion  towards 
its  own  direction.  And  none  can  explain  how,  when 
a quantity  of  motion  and  alfo  of  inclination  is  gained 
by  gravitation  over  projection,  the  orb  will,  while 
thefe  remain  unchanged,  leave  at  any  point  the  direc- 
tion of  the  moving  power  that  prevails,  and  recede 
into  the  direction  of  the  weaker  power,  or  e contra. 

' * ■ ' . . . )■'  ■ * . • * . - : 

6.  Again.  From  the  proportions  of  the  forces  re- 

quired between  gravitation  and  projection,  in  order 
to  move  the  orbs  in  circles,  it  is  evident  that  thefe  two 
powers  cannot  be  the  caufe  of  their  motions.  For  by 
comparing  the  forces  of  thefe  it  appears,  that  the  force 
of  gravitation  is  not  fuch  in  proportion  to  that  of  pro- 
jection, as  to  bend  the  direction  of  the  projected  body 
fenfibly  from  the  right  line.  " 

. * V ...  ■■  • 

7.  The  * motion  of  the  moon  along  with  the  earth, 
cannot  be  owing  to  her  gravitating  towards  it,  nor  to 
a projection  impreffed  upon  her,  in  common  with  the 
earth : becaufe  flie  has  a projection  of  her  own  round 
the  earth.  And  (he  cannot  be*  lo  projected  as  to  move 
in  two  different  orbits  at  one  and  the  fame  time,  by  the 
vis  inertia  continuing  one  projectile  motion  round  the 
fun,  and  another  round  the  earth.  Therefore  the  mo- 
tion of  this,  and  by  a parity  of  reafon,  that  of  all  the 
fecondary  planets,  mutt  be  guided  every  moment  ei- 
ther by  mechanifm  or  by  a lpiritual  power. 

Indeed  Sir  Ifaac  thought  thefe  powers  might  arife 
from  a fubtle,  ethereal  medium,  diffufed  through  the 
whole  univerfe  : but  this  is  only  retiring  a ftep  farther 
in  the  dark.  For  it  comes  to  one,  whether  the  caufe 
of  attraction  be  affigned  to  groffer  bodies  themfelves, 
or  to  the  impulfe  of  a medium  that  penetrates  them. 
If  the  powers  of  that  luppofed  medium  are  unme- 
chanical, they  mutt  be  fpiritual.  And  feeing  the  me- 
dium is  only  fuppofed,  it  is  more  natural  to  affign  thefe 
tmmechanical  powers,  to  bodies  which  we  know  dif- 
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pofed  to  thefe  motions,  than  to  fuppofed  bodies,  which 
we  know  no  tiling  of. 

Farther.  If  Sir  Ifaac  fuppofes  fuch  a medium  for 
maintaining  attraction,  gravitation,  and  elafticity,  how 
came  he  not  to  fuppofe  that  the  fame  is  concerned,  in 
fupporting  his  axioms  or  laws  of  motion  ? For  the 
knot  does  not  lie  in  gravitation  or  attraction,  or  any  par- 
ticular kind  of  motion,  but  in  finding  powers  to  pro- 
duce and  maintain  motion  in  general.  If  thefe  are 
mechanical,  it  is  eafy  to  fuppofe,  though  we  fliould 
never  be  able  to  explain  in  what  manner  that  the  con- 
triver has  adjufted  the  mechanifm  to  produce  all  the 
motion  obfervable  in  die  creatures.  But  if  they  are 
unmechanical  laws,  properties,  or  whatever  we  may 
call  them,  there  is  no  occafion  for  luppofing  any  cauie 
•of  gravitation,  or  for  taking  it  amifs  to  have  it  called 
an  occult  quality,  unknown  virtue,  charm,  law,  or 
any  word  we  have,  no  meaning  to. 

8.  This  unmechanical  philofophy  has  a bad  influ- 
ence in  ohftruCting  our  advancement  in  die  knowledge 
of.  nature.  For  how  can  inquiries  into  the  powers  of 
nature-be  carried  on  to  any  degree  of  perfection,  under 
the  direction  of  a lyftem  which  muffles  our  eyes  with 
unmechanical  laws  of  matter,  fuppofe  the  bafis  of  me- 
chanifm, ulftead  of  examining  whether  thefe  diemfelves 
are  not  die  production  of  mechanifm  } Such  is  the 
indifference  of  matter  to  continue  itfelf  either  in  reft 
or  motion  : re-aCtion  equal  to  action  : the  refiftance  of 
aCtion  to  a change  of  ttate  ; gravitation,  attraction, 
repulfion,  elafticity  : preffure  of  fluids  in  all  directions: 
a fluid  with  no  cohefion  of  parts,  moving  in  diverging 
lines  ; whole  parts  are  poffeffed  «f  different  degrees  of ' 
attraCtability  by  other  bodies,  contrary  to  that  law 
which  makes  gravitation  Amply  as  the  quantities  of 
matter  : a fluid  poffeffed  of  alternate  fits  of  attraction 
and  repulfion ! How  weak  is  it,  to  make  thefe  the 
bafis  of  mechanifm,  rather  than  the  refult  of  it  * 

mm 

9.  Let  us  now  examine  thefe  matters  more  clofely.  * 
In  the  prefent  philofophy,  fpace  is  always  confidered 
in  the  firft  place ; becaufe  without  admitting-  fnare 
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^Koid  of  matter,  the  whole  fyftem  falls  to  the  ground. 

This  fame  infinite  fpace  is  the  moll  wonderful  thing 
within  the  whole  range  of  being.  It  is  neither  God, 
nor  his  creature,  and  yet  is  infeparable  from  the  being 
cither  of  God,  or  of  any  thing  he  can  create.  It  is 
infinite  both  in  its  extenfion  and  its  duration.  It  is 
immoveable  and  indivifible.  If  a complete  definition 
of  it  were  put  into  a lady*s  pocket-book,  fhe  would 
guefs  it  to  be  an  enigma  for  nothing : and  would  be 
afionifhed  to  hear,  that  it  is  the  quinteflence  of  a moft  . 
metaphyfical  and  moft  fubtle  argument  maintained  by 
a moft  celebrated  divine  and  philofopher. 

The  only  pofitive  idea  applied  to  fpace  is  extenfion. 
But  we  can  apply  no  idea  to  any  fubjedt,  which  the 
fubjedt  itfelf  does  not  imprefs.  Matter  forces  upon 
our  fenfes  the  idea  or  its  extenfion.  But  how  can  we 
inveft  with  this,  a fubftance  which  never  excited  any 
idea  in  us,  and  confequently  has  no  exiftence  to  us  ? 1 
Space  is  only  one^of  the  ideas  excited  by  matter,  and 
by  the  mind  abftradied  from  its  fubjedt,  juft  as  we  can 
image  a colour  to  ourfelves,  without  conne&ing  any 
particular  fubjedt  with  it.  A little  more  of  the  fame 
metaphyfics,  which  can  prove  that  nothing  is  extended, 
will  prove  that  fpace  is  purple.  But  why  fhould  I fay 
purple  ? ' Space  is  of  all  colours,  if  light  is  refledted 
"by  a vacuum.  It  is  an  ingenious  contrivance  to  ren- 
der nothing  a fubjedt  oF  conception,  by  drafting  it  in 
a fuit  of  clothes  borrowed  from  fomething. 

To  illuftrate  the  dodtrine  of  fpace,  a common  ex- 
periment lhews,  that  by  an  image  formed  in  the  air, 
at  a certain  diftance  between  a concave  glafs  and  any 
perfon ’looking  into  it,  extenfion  becomes  an  objedt  of 
fenfe,  where  there  is  neither  folidity  nor  any  fenfible  re- 
fiftance.  But  this  does  not  prove  that  an  image  is 
formed  in  empty  fpace,  or  where  there  is  no  matter  : 
it  rather  proves  that  thefe  fpaces  which  they  call  empty, 
are  full  of  matter.  For  as  the  fenfes  can  be  affedted 
only  by  matter,  they  infallibly  determine  where  matter 
is.  So  that  we  are  as  fure  there  is  matter  where 
fee  any  thing,  though  we  cannot  feel  it,  as  that  it  is 
there,  where  we  feel,  though  we  cannot  fee  it.« 

' ' 10.  Let 
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1G.  Let  us  now  more  attentively  consider  the  firft 
fuppofed  law  of  motion,  matter  is  indifferent  to  con- 
tinue in  motion  or  in  reft. 

Reft  and  motion  are  the  two  greateft  oppofites  in' 
nature,  as  oppofite  as  matter  and  nothing.  The  mind 
therefore  cannot  be  ftruck  with  a more  palpable  con- 
tradiction, by  affirming  that  a body  is  equally  difpofed 
to  hardnefs  and  foftnefs  at  the  fame  time,  than  by 
faying  it  is  equally ‘difpofed  to  reft  and  motion. 

Motion  is  a pofitive  thing,  which  implies  aCHon, 
power,  or  force,  wherever  it  aCts.  Reft  is  a mere  ne- 
gative, a ftate  wherein  body  is  diverted  of  all  thefe.  It 
exerts  no  power ; it  ads  or  preffes,  neither  backwards 
nor  forwards,  neither  up  nor  down.  Nov/  the  lame 
body  cannot  be  indifferent  to  the  exerting  of  power 
and  to  the  exerting  of  none  at  the  fame  time. 

' ’ - • N 
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Again.  It  is  impoffible  that  reft  and  motion  can  be 
equally  indifferent  to  matter.  When  matter  was  created, 
ftiould  we  fuppofe  the  Creator  to  fay,  Let  it  be,” 
without  determining  in  which  of  thefe  ftates  it  fhould 
commence  being  ; yet  it  is  impoffible  it  could  begin  to 
be,  both  moving  and  refting.  It  could  affume  only 
one  of  thefe  conditions,  and  muft  have  remained  there- 
in for  ever,  unlefs  fome  farther  divine  energy  had  given 
it  a new  determination.  Now  in  which  ever  of  thefe 
matter  began  to  exift,  that  muft  be  called  its  natural 
ftate.  And  every  alteration  of  that  ftate  muft  be  the 
effedl  of  fome  power  fuperinduced  upon  it,  which  muft 
ceafe  when  the  caufe  ceai’es. 

Again.  Matter  may  exift  in  reft ; but  no  living 
matter.  All  life  in  nature,  whether,  mineral,  vege- 
table, or  animal,  depends  upon  motion  and  activity. 
Therefore  motion  feems  to  be  not  the  natural  ftate  of 
matter,  but  fuperadded  thereto,  and  conftantly  fup- 
ported,  in  order  to  conftitute  life,  variety,  and  muta- 
bility. Now  all  know,  material  motion  proceeds  upon, 
and  is  regulated  by  mechanical  laws.  And  does  not 
motion  uniformly  conducted  by  the  laws  of  mechanifm, 
imply  a conftant  mechanical  caufe  ? This  mechanical 
fyftem  is  traceable  in  mofl  cafes,  even  in  the  moil  fubtle 
and  elaborate  works  of  nature,  fuch  as  plants  and  ani- 
. . F 2 ' znals. 


i 


( 124  ) 

mals.  And  may  not  the  fame  heavens  which  influ- 
ence every  thing  on  earth,  rule  the  motions  of  the 
earth  itfelf ; and  imprefs  all  matter  with  thefe  general 
tendencies,  which  are  the  balls  of  all  human  mecha- 
nics i 

11.  Proceed  we  to  what  is  called: the  fecond  law  of 
motion. 

We  can  have  no  idea  of  power,  but  that  it  is  matter 
in  motion,  or  endeavouring  to  adt  We  cannot  con- 
ned! the  idea  of  power  with  matter  at  reft,  unlefs  that 
reft  be  the  effedt  of  power  fixing  it  in  its. place,  which 
we  may  term  mechanical  power.  This  reft,  being  an 
effedt  of  "power,  will  exert  a refiftance  to  motion,  when 
it  is  preffed  upon.  But  otherwife,  matter  can  have  no 
fuch  powrer  in  itfelf,  can  exert  none;  becaufe  power 
confifts  in  motion,  or  a nifus  to  it.  Therefore  matter 
refting  unmechanically  can  have  no  nifus  of  any  kind. 
An  unmechanical  nifus  in  matter  to  reft,  is  in  other 
words  an  adfive  power  exerted  by  it  to  do  nothing. 

The  ftates  then  in  motion  or  reft  being  the  refult  of 
abfolute  paffivenefs  in  matter,  and  the  effed!  of  no  po- 
fitive  nifus,  an  unmechanical  matter  can  exert  no  re- 
finance to  change  the  ftace:  and  of  confequence  an 
atom  would  have  as  much  power  to  move  a planet  as 
a planet  to  move  an  atom. 

' • • -V 

An  a<3;ion  or  tendency  to  adlion  is  plainly  impliedln 
a nifus  to  any  ftate.  And  as  a nifus  to  paffivenefs  is- 
a contradidlion  in  terms,  it  follows,  that  the  pro- 
perties of  powder  and  motion,  cannot  be  confidered  in 
matter  taken  abftradtedly,  but  as  compofed  into  a fyf- 
tem.  Therefore,  though  it  muft  be  allowed,  that  the 
changes  of  ftate  in  matter  are  proportioned  to  the 
powers  that  produce  them,  yet  it  is  impoffible  to  con- 
ceive, that  the  powder  (hall  continue  in  the  body  a&ed 
upon,  after  the  exterior  power  ceafes  to  ad!  upon  it. 

12.  The  third  fuppofed  law  of  motion  is  this,  when 
matter  is  put  into  motion,  it  communicates  as  much 
refiftance  towards  flopping  the  motion  of  the  body 
that  moves  it,  as  it  receives  motion  from  it. 

r ' Philofophfr 
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Philosophers*  never  had  it  in  their  power  to  make  the 
experiments  on  which  this  law  is  grounded,  upon  any  bo- 
dies but  fuch  as  were  under  the  influence  of  gravitation. 
And  it  this  axiom  can  be  proved  to  depend  upon  gra- 
vitation, it  muft  ceafe  to  be  an  axiom,  as  being  only 
an  accident  depending  upon  another  acknowledged 
eaufe.  , 

Re  fi  fiance  or  re-aftion  mu  ft  be  produced  wherever 
matter  in  motion  encounters  matter  moving  or  tend- 
ing to  move  in  an-  oppofite  or  a different  direction. 
Now  all  bodies  tend  or  gravitate  toward  the  earth. 
Therefore  this  tendency  muft  re-aft  or  refift  according 
to  its  quantity,  every  power  applied  to  move  a gravi- 
tating body  in  any  other  direftiom 

We  have  no  way  to  eftimate  die  quantity  of  matter 
contained  in  any  bodies,  but  the  quantity  of  their  gra- 
vitation. Hence  we  muft  neceflarily  infer,  that  die 
law  of  re-aftionr  is  not  according  to  the  quantity  of 
matter  in  particular  detached  parcels  thereof,  but  ac- 
cording to  the  degree  of  their  gravitation.  For  were 
the  gravity  of  a body  but  the  half  of  what  it  is  now, 
that  body  would  re-aft  but  half  as  much  as  it  does  ; 
and  of  courfe,  were  all  its  gravitation  to  ceafe,  it 
would  not  re-aft  at  all. 

Again.  It  is  fuppofed^  gravitation  is  twenty-three' 
times  greater  on  the  furface  of  the  fun  than  on  the 
furface  of  the  earth.  Hence  a body  which  weighs  one 
pound  here,  would  there  weigh  three  and  twenty.* 
Confequently  without  any  addition  of  matter,  it  would 
re-aft  twenty-three  times  more  than  it  does  here. 
Therefore  this  re-aftion,  fuppofed  an  abfolute  law  of 
matter,  is  only  a circumftance  depending  on  the  rela- 
tive law  of  gravitation. 

13.  Come  we  now  to  the  doftrineof  centripetal  and 
centrifugal  forces. 

In  another  age  it  will  be  matter  of  univerfal  won- 
der, that  one  of  the  moft  profound  mathematicians  in 
the  world  fhould  aflume  two  powers  for  circulating  the 
planets,  and  even  circulate  the  quantities  of  matter 
therein,  from  the  proportions  wherein  they  muft  aft 
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In  producing  and  maintaining  the  circuits  of  the  mov- 
ing ftars:  while  it  is  demonftrable  to  common  fenfe, 
from  the  admitted  nature  of  thefe  two  powers,  that  it 
is  abfolutely  impoflible  they  can  fupport  one  (ingle  ro- 
tation of  an  orb.  . - ' t 

Gravitation  Is  allowed  by  all  to  be  a conftant  power 
in  bodies,  which  cannot  be  altered  but  by  change  of 
diftance.  It  cannot  be  fufpended  ; for  though  its  effeCt 
may  be  refilled,  yet  its  tendency  thereto  is  invariable. 
It  is  therefore  a proper  undeftroyable  power,  uninter- 
ruptedly aCting  in  and  upon  bodies. 

The  laws  affigned  to  projection  are  juft  the  reverie. 
When  any  proportion  of  the  quantity  of  projeCiile  mo- 
tion is  deftroyed,  either  by.  direCt  oppofition,  or  by 
change  of  its  direction,  it  exerts  no  nifus  to  recover  its 
fir  ft  quantity  of  motion.  Confequently  as  long  as  any 
power,  fuch  as  that  of  gravitation,  is  bending  the  di- 
rection of  projection,  it  is  a continued  refiftance  of  the 
po  wer  of  projection,  which  is  continually  diminilhed 
thereby.  And  as  it  has  no  tendency  to  recover  this, 
the  fmalleft  continued  refiftance  will  at  laft  quite  ex- 
hauft  its  power,  though  originally  ever  fo  great.  Thus 
every  projectile  on  the  earth,  however  great  the  pro- 
jecting force  may  be  at  Yetting  out^  is  continually  re- 
tarded till  it  refts  in  the  direction  of  a parabolic  curve. 

' Sir  Ifaac  feems  not  to  have  reflected  on  this  circum- 
ftance  of  gravitation  and  projection,  that  the  one  re- 
tains its  whole  tendency  to  motion,  whether  it  be  re- 
tarded or  flopped,  while  the  other  always  lofes  as  much 
power  as  it  meets  with  oppofition.  Neither  in  balancing 
thefe  powers,  ddes  he  feem  to  have  reflected  on  that 
obvious  truth,  that  every  alteration  in  the  direction  of 
a moving  projectile,  deftroys  fo  much  of  its  motion, 
which  cannot  be  repaired,  but  - by  a continued  aCtion 
of  the  firft  moving  caufe. 

Philoiophers  illuftrate  the  joint  effeCt  of  centripetal 
and  centrifugal  force,  in  making  bodies  mo’  in  a cir- 
cle, by  the  experiment  of  calling  round  a weight,  fuf- 
pended by  a ftring  in  one’s  hand.  But  this  illuftration 
contains  a palpable  deception.  For  the  power  of#  the 
ftring  reftraining  the  body  from  flying  off  in  a ftrait 
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Kne,  bears  no  analogy  to  a power  actually  drawing  sf  ^ 
moving  body  towards  its  centre  of  motion.  The  firing 
refills  its  flying  off,  but  has  not  the  lead  tendency  to4 
draw  it  nearer.  And  whatever  is  the  caufe  of  the  re- 
volution of  the  planets,  it  mull  be  fome  caufe  which1 
Amply  refills  their  flying  off  into  eccentric  motions.  It 
cannot  in  the  nature  of  things  be  one,  which  is  uni- 
formly drawing  them  into  their  centre  of  motion. 

But  fuppofe  both  gravitation  and  projection  had  the 
fame  property,  of  ftill  retaining  their  original  tendency 
to  their  refpeCtive  motions,  however  they  were  retard- 
ed : ftill  it  is  impolUble  that  thefe  two  powers,  aCting 
by  immutable  laws,  call  move  an  orb  any  otherwife 
than  in  a circle  : whereas  all  the  planets  are  allowed 
by  philofophers  themfelves  to  move  in  ellipfes. 

Thefe  powers  moving  an  orb  in  the  figure  of  an  el-* 
lipfis,  muft  no  lefs  than  four  times  vary  the  proportion 
of  their  feveral  impulfes,  during  every  complete  revo- 
lution. The  power  of  gravitation  is  uniformly  gaining 
on  that  of  projection,  from  the  higher  point  of  the  el- 
lipfis  to  the  lower.  Now  (not  to  afk  how  the  projectile 
force  recovers  itfelf,  but  fuppofmg  it  had  this  property  ) 

I afk,  by  what  law  does  gravitation  remit  the  ftrength 
it  has  gained,  in  bringing  the  orb  from  the  higher  point 
to  the  lower,  and  at  that  point  allow  projection  to  re- 
cover the  force  it  had  loft,  in  order  to  carry  it  back  to 
the  higher  point  ? In  like  manner  feeing  projection 
has  been  gaining  on  gravitation,  all'  the  way  to  that 
point,  how  comes  it  all  at  once  to  lofe  itsfuperior  force 
there  ? And;  how  comes  gravitation  immediately  to 
preponderate,  in  order  to  bring  the  orb  to  the  lower 
point  again  ? 

It  cannot  be  faid,  that  the  increafed  velocity,  which 
brings  a planet  to  the  lower,  contributes  to  carry  it 
back  to  the  higher  point.  For  that  increafed  velocity 
was  not  the  effeCt  of  projection  but  of  gravitation. 
Therefore  the  orb  can  never  get  outward  again,  unlefs 
at  that  point,  gravitation  all  at  once  weakens  its  pull 
of  the  planet  inwards. 

There  is  one  circumftance  more,  which  mathema- 
ticians ought  to  confider  well  : namely,  that  no  figure 
(circle  or  ellipfis)  can  be  defcribed  by  gravitation  and 
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projection  round  the  centre  of  gravity,  where  the  centre 
of  gravity  fhallnot  be  found  in  the  centre  of  the  figure* 
But  this  is  contrary  to  all  aftronomical  obfervation 
upon  the  motion1  of  the  planets,  which  determines 
their  centre  of  gravity  to  be  always  in  one  of  the  foci 
of  their  elliptical  orbits. 

Yet  farther.  In  order  to  move  any  body  in  a circle, 
the  moving  powers  muft  be  equal,  or  nearly  fo*  Now 
the  proportion  of  the  moving  powers  upon  one  body 
to  each  other,  can  only  be  determined  by  the  velocity 
of  the  respective  motions.  Indeed  the  quantity  of  mo- 
tion in  different  bodies  muft  be  determined  by  the  quan- 
tity of  matter  moving  and  velocities  taken  together. 
But  in  one  and  the  lame  body  it  may  be  determined 
iblelv  by  the  velocity  of  its  motions. 

Equal  powers  then  can  only  be  determinecHby  the 
equal  quantities  of  motion  they  produce.  But  as  to 
the  powers  of  gravitation  and  projection,  the  proportion 
between  them,  as  afcertained  by  the  ableft  mathemati- 
cians, is  fo  far  from  being  equal,  that  the  immenfe  dif- 
parity  between  them,  can  fcarce  be  reduced  to  a calcu- 
lation. Therefore  it  is  utterly  impoffible  that  thefe 
two  powers  fhould  produce  the  revolution  of  the  earth. 

If  the  fun  and  earth  were  as  near  each  other  as  the  ' 
earth  and  the  moon  are,  and  were  left  to  the  power  of 
their  mutual  attraction,  they  would  move  toward  each 
other  with  the  fame  velocity  as  it  is  fuppofed  the  earth 
and  moon  do,  which  I think  is  about  fixteen  feet  in  a* 
minute  : except  fo  far  as  the  proportion  of  matter  n| 
the  earth  to  that  in  the  fun,  differs  from  that  of  the 
earth  to  the  moon.  If  then  the  earth  at  that  diftance 
from  the  fun,  would  gravitate  toward  him  with  the  ve- 
locity of  fixteen  feet  in  a minute,  and  if  the  decreafe  of 
gravitation,  be  inverfely  asthefquaresof  the  diftances, 
(that  is,  at  double  diftances  four  times  lefs)  then  the 
earth  being  immenfely  farther  from  the  fun  than  the 
moon  is  from  the  earth,  the  velocity  with  which  the 
, earth  at  her  prefent  diftance  from  the  fun  would  move 
towards  hiiri,  if  left  to  the  power  of  attraction,  muft  be 
immenfely  lefs  than  fixteen  feet  in  a minute.  But 
what  is  the  force  which  moves  the  earth  fixteen  feet  or 
a thoufand,  to  the  force  of  that  projection,  which  is 
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fuppofed  to  move  it  at  the  rate  of  near  a thoufand  miles 

a minute  J 

In  fliort,  if  the  power  of  gravitation  draws  the  earth 
toward  its  centre  of  gravity,  with  the  force  of  fixteen 
feet,  or  fixteen  hundred  in  a minute,  while  the  powers 
of  projection  imprefles  it  with  the  force  of  almoft  a 
thoufand  miles  in  the  fame  time,  it  is  impoffible  for= 
mathematics  to  demonftrate  that  any  orb  hurried  off 
by  fuch  a projection,  can  ever  be  recalled  from  its  ec- 
centric motion,  by  fuch  an  inconceivably  fmall  and 
difproportionate  refiftance  : efpecially  as  the  power  of 
gravitation,  fmall  as  it  is,  muft  be  growing  fmaller 
every  moment.  Nor  can  the  mathematical  properties* 
of  an  ellipfis,  or  any  figure,  ever  prove  the  gravitation, 
which  is  continually  wafting  and  fpinning  out  into  a 
cobweb  thread,  will  at  any  point  recover  a fuperiority 
to  the  projectile  force,  and  grow  at  laft  a cable,  mafly 
and  powerful  enough  to  bring  home  the  wandering; 
ftar  again. 

1&.  I would  add  * fome  thoughts  on  the  motion  of 
the  fatellites.  It  is  no  wonder  that  notwithftanding  all 
the  arguments  for  the  motion  of  the  earth,  yet  the 
greateft  part  of  aftronomers  have  not  pronounced  it  ab- ' 
foltitely  certain,  but  only  probable  in  a high  degree. 
Among  the  perplexities  which  attend  this  highly  pro- 
bable fyftem,  the  doCtrine  of  abfolute  motion  is  not  the 
fmalleft.  It  is  certain  all  the  phenomena  of  relative  - 
motion,  are  the  very  fame  as  it  the  earth  were  at  reft. 
And  it  is  not  eafy  to  conceive.how  this  can  poffifiiy  be, . 
on  the  fuppofition  of  the  earth,s  motion. 

The  phenomena  of  bodies  moving  in  the  fame  direc- 
tion with  the  abfolute  motion  of  the  earth  may  be 
comprehended.  * That  motion  of  bodies  crofs  the  abfo- 
lute motion  of  the  earth  is  alfo  intelligible.  Buj  it  is 
no  eafy  matter  to  fatisfy  one’s  felf,  about  the  pheno- 
mena of  bodies  moving  weft  ward,  or  in  an  oppofite  di- 
rection to  that  of  abfolute  motion.  If  we  fhouid  fup- 
pofe  that  a ball  fired  pointed  blank  weft,  does  not  real- 
ly move  weftward,  but  it  is  only  refilled  by  the  explo* 
lion  Irom  moving  fo  faft  eaft  as  the  earth  goes  in  fier 
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abfolute  courfe  ; may  it  not  be  afked,  what  is  it,  that 
keeps  the  ball  liifpended,  while  the  earth  proceeds  in 
her  abfolute  motion  ? For  the  refiftance  given  to  the 
progreftive  motion  of  the  ball,  can  be  no  refiftance  to 
its  following  the  courfe  of  its  gravity  : as  we  have  no 
example  to  explain  how  refiftance  applied  horizontally 
will  prevent  a body’s  falling  to  the  ground  in  the  fame 
time  as  if  it  was  not  fo  refilled.  If  the  ball’s  abfolute 
motion  is  only  the  force  of  its  vis  inertice  derived  from 
the  earth’s  motion,  and  its  apparent  motion  in  a con- 
trary dire&ion  is  only  from  another  vis  inertice,  derived 
from  the  expiofion  : what  pofllhle  conception  can  be 
framed  of  the  two  oppcfite  vis  inertioes,  adting  fo  as  to 
prevent  a body  for  fome  time  from  purfuing  the  courfe 
of  its  gravity  ? 

On  the  other  hand,  if  the  motion  we  ft  ward  is  real,  it 
feems  to  imply  a plain  contradiclion.  For  no  body  can 
really  move  eaftward  and  weftward  at  one  and  the  fame 
time. 

But  though  the  do&rine  of  projefliles  could  be  re- 
conciled with  the  motion  of  the  earth,  yet  what  fhall 
wTe  fay  of  felt-moving  bodies  ? That  abfolute  motion 
which  all  bodies  are  fuppofed  to  partake  of,  is  not  al- 
iedged  to  be  maintained  in  them,  after  they  are  fepa- 
rated  from  the  earth,  by  any  other  means  than  their 
vis  inertice,  or  their  retaining  the  quantity  of  motion 
once  impreffed  upon  them.  - Now  no  body  can  move 
in  a direction  oppofite  to  its  vis  inertice,  till  that  is 
overcome.  How  is  it  conceivable  then,  that  birds, 
for  example,  after  they  are  feparated  from  the  earth, 
where. they  acquired  their  abfolute  motion,  fhould  re- 
tain it  all  ? Certainly  every  relwftation  of  their’s  in  an 
oppofite  dire&icn,  while  on  the  wing,  muft  deftroy 
part  of  their  abfolute  motion,  as  they  cannot  then  have 
any  frefti  abfolute  motion  communicated  to  them. 
This  fhould  imply  a great  change  m the  phenomena, 
with  regard  to  the  motion  of  felf-moving  bodies.  But 
in  faft  all  the  phenomena  are  the  fame,  as  if  the  earth 
were  at  reft.  In  fhort,  the  motion  which  bodies  have 
in  common  with  the  earth,  is  fomething  which  no  re- 
ason has  any  effecft  on.  Therefore  it  does  not,  can- 
not depend  upon  the  axioms  of  the  prefent  philofophy.< 

When 


X, 

V.3-  . 


) 


■ 0 


\ . 


1 


n 


( 131  ) 

' When  we  come  to  apply  the  theory  of  abfolute  mo" 
tlon  to  the  fecondary  planets,  in  whatever  light  we  con" 
fider  it,  it  becomes  a matter  utterly  inconceivable,  nay, 
impoffible.  - In  the  fird  place,  we  know  of  no  abfolute 
motion,  communicated  from  greater  to  fmaller  bodies, 
but  where  they  are  fo  intimately  connected,  that  gra- 
vitation at  lad,  yea  foon  dedroys  all  their  projeCiile 
motion.  But  fuch  is  the  didance  of  the  moon  from 
the  earth,  and  fo  remote  is  their  connection,  that  her 
gravitation  has  never  gained  any  thing,  upon-her  pro--  • 
jeCtile  motion.* 

Again*.  The  moon,  fuppofe  Her  prefent  didance' 
from  the  earth  to  be  her  original  one,  could  never  by 
means  of  the  weak  connection  of  gravitation,  corres- 
pond with  their  projection  of  the  earth.-  Suppofe  the 
moon  at  her  prefent  didance,  and  behind  the  earth, 
jud  in  the  courfe  of  the  earth’s  projection  : in  this  (itu- 
ation,  fuppofe  the  moon  advances  towards  the  earth,* 
at  the  rate  of  fixteen  feet  in  a minute,  while  the  earth 
projected  away  from  the  moon  near  a thoufand  miles, 
in  the  fame  time  : can  any  one  fuppofe,  that  this  im- 
perceptible motioiTofthemoon  toward  the  earth,  would 
draw  the  moon  with  the  force  of  the  earth’s  abfolute 
motion  ? This  fnppofition  is  attended  with  the  fame* 
manifed  iropoffihuities,  in  whatever  part  of  her. circle 
the  moon  is  confidered,  at  the  moment  of  projection. 
Suppofe  her  in  her  fird  quadrature  : then  the  gravitati- 
on between  them  and  the  projection  of  the  earth  lying 
nearly  in  the  fame  direction,  nothing  could  prevent' 
their  colli  fion  in  a few  hours  : and  till  they  had  met*, 
their  mutual  gravitation  could  have  no  effeCt  in  com-* 
municating  the  abfolute  motion  of  the  earth  to  the* 
moon.  Yet  fuppofing  that  the  projection  of  the  moon* 
round  the  earth,  commenced  at  the  fame  indant  with 
the  projection  of  the  earth,  does  not  help  : for  as  it  is 
not  that  projection  which  gives  the  moon  her  abfolute 
motion,  the  whole  impoffibility  remains,  yea,  and  is 
renewed  every  month  inevery  fuppofable  circumftance; 
For  it  is  as  impoffible  her  abfolute  motion  can  be 
maintained  by  fuch  means,  as  that  it  (hould  commence 
by  them.  , - 
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It  is  no  lefs  impoifible,  that  the  moon's  absolute  mo* 
tion  can  be  owing  to  a projection  given  to  herfelf,than 
that  it  fhould  be  owing  to  her  gravitation  toward  the 
earth  : for  this  plain  reafon  ; becaufe  fhe  has  a projec- 
tile motion  quite  different  from  this,  namely  round  the 
earth.  For  nothing  is  more  impoffible,  than  for  a bo- 
dy to  move  in  two  directions  at  the  fame  time.  If  five 
hundred  projections,  all  in  different  directions,  were 
applied  at  the  fame  time,  the  projectile  would  fall  into 
one  courfe,  common  to  them  all. 

Add  to  this,  that  if  there  can  be  no  real  motion,  in 
an  adverfe  direction  to  abfolute  motion,  unlefs  there  be 
a deftruCtion,  or  at  leaft  weakening  of  this  vis  inertice, 
which  is  fuppofed  to  be  the  principle  that  continues  ab- 
folute motion  ; then  the  projectile  courfe  of  the  moon 
round  the  earth,  muft  foon  deftroy  her  abfolute  moti- 
For  every  month  the  moon  for  near  500,000 


on. 


miles,  ftruggles  in  a courfe,  which  is  in  effeCt,  diame- 
trically oppofite  to  the  vis  inertioe,  carrying  her  in  ano- 
ther direction.  And  this  cannot  happen  without  con- 
tinually weakeping,  and  at  laft  wholly  deftroying  if. 


i 


For  thefe  reafons,  unlefs  I can  fee  them  fairly  re- 
moved, I muft  conclude,  that  even  fuppofing  thefe 
principles,  affumed  by  the  prefent  philofophy,  are 
real, "yet  it  is  impoffible  to  explain  the  celeftial  motions 
by  them. 
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CHAP.  III. 


Of  the  Properties  that  are  common  to  all  Bo - 
dies,  and  of  the  Elements  of  Natural  Bo- 
dies. 


1.  Of  Exten/iofi. 

2.  Of  a Vacuum • 

3.  Of  Solidity. 

4.  0/  Divifibility . 

5.  Of  Motion  and  Rcjl. 

6-  0/* the  Laws  of  Motion. 

7.  0/*  the  Arijlotelic  Elements . 

8.  0/* Principles  of  the  Chymijls. 

9.  Objections  to  them . 

1 0.  What  is  the  primary  Element  of  all  Things • 


1. 


HAVING  fpoken  of  the  particular  fpecies  of  bo- 
dies,  it  remains  only  to  fpeak  of  bodies  in  ge- 


neral. And  it  may  be  obferved  of  them  all,  that  they 
are  extended,  folid,  divisible,  figured,  and  capable  of 
motion.  We  cannot  conceive  any  body  that  is  not  ex- 
tended, or  compofed  of  feveral  parts.  And  yet  we 
cannot  affirm,  that  the  effence  of  body  confifts  in  this 
alone. 


2.  For  there  may  be  extenfion  without  body,  which 
is  ufually  termed  fpace  or  a vacuum.  Thefe  are  wide- 
ly different  from  each  other.  Body  is  divifible  and  fe- 
parable  into  parts,  and  confequently  capable  of  motion ; 
none  of  which  can  be  faid  of  mere  fpace.  And  that 
there  is  empty  fpace  is  clear  from  hence.  That  if  all 
were  full,  there  could  be  no  motion  in  the  world*  For 
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in  order  to  this  it  is  requifite  that  each  particle  leave 
its  place  empty  for  another  to  fill-  It  is  faid  indeed, 
this  need  not  be,  hecaufe  all  motion  is  circular,,  fo  that 
in  every  motion  of  whatever  kind,  each  part  of  the 
body  moved,  fucceeds  another.  But  this  is  abfolutely 
contrary  to  matter  of  fadl.  We  fee  with  our  eyes,  that 
all  motion  is  not  circular.  And  if  not,  then  there  mult 
be  empty  fpace,  or  there  could  be  no  motion  at  all. 

3.  Another  property  of  body  is  folidity,  whereby  it 
refills  another  body,  moving  it  out  of  itsi place.  Not 
much  different  from  this,  is  impenetrability,  whereby 
a body  excludes  another  from  the  place  where  it'  is. 
Solidity  is  nor  the  fame  with  hardneis,  the  former  be- 
longing to  all,  the  latter  to  fome  bodies  only.  Hard* 
nefs  confifts  in  the  firm  cohefion  of  the  parts,  fo  as  not 
eafily  to  be  feparated.  A the  folidity  of  bodies  flows 
from  the  intrinfic  nature  of  matter,  it  is  vain  to  affigm 
as  the  caufe  of  it,  either  the  figure  or  reft  of  the  parts, . 
or  the  preffure  of  the  air,  or  of  fome  fubtle  matter.  By 
thefe  folutions  we  do  not  at  all  explain  the  thing,  but 
only  entangle  ourfelves  in  frelh  difficulties.. 

t . i f , i " i '■*  V )t 

4.  Divifibility  likewife  belongs  to  all  bodies.  For 
fince  no  body  can  be  conceived  that  is  not  extended, 
and  extenfion  fuppofes  parts,  it  follows,  that  every  bo- 
dy, however  fmall,  is  divifible  perhaps  not  by  thfe 
art  of  man,  but  in  its  own  nature.  Nor  is  it  any  ob- 
jection, that  our  underfunding  cannot  comprehend  inr- 
finite  divifibility.  It  cannot  : nor  can  it  comprehend 
infinite  number  ; or  indeed  infinites  of  any  kind. 

It  is  true,  there  is  no  fuch  thing,  ftri&ly  fpeaking,  as 
parts  infinitely  fmalL  Yet  the  fmallnefs  of  the  parti- 
cles of  feveial  bodies,  is  fuch  as  vaftly  furpaffes  our 
conception.  And  there  are  innumerable  inftances  in 
nature  of  fuch  parts  actually  feparated  from  each  other. 

Mr.  Boyle  gives  us  feyeral  inftances  of  this.  He 
fpeaks  of  a filken  thread,  three  hundred  yards  long, 
that  weighed  but  two  grains  and  a half.  Fifty  fquare 
inches  of  leaf-gold  weighed  but  one  grain.  Now  if  the 
length  of  an  inch  be  divided  into  two  hundred  parts. 
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the  eye  may  diftinguifh  them  all.  Therefore  there  are 
in  one  fquare  inch  forty  thoufand  vifible  parts,  and  in 
one  grain  of  leaf-gold,  two  millions  of  fuch  parts  : 
which  vifible  parts  no  one  will  deny  to  be  farther  divi- 
fible.  In  odoriferous  bodies,  we  may  difcern  a ftill 
greater  fubtlety  of  parts,  yea,  of  parts  actually  fepa- 
rated  from  each  other.  Several  bodies  fcarce  lofe  any 
thing  of  their  weight  in  a long  time,  and  yet  continu- 
ally fill  a large  fpace  with  odoriferous  particles.  Seve- 
ral animals  are  but  juft  vifible  with  the  fineft  micro- 
fcope.  And  yet  thefe  have  all  the  parts  neceifary  for 
life,  as  blood  and  other  juices.  How  wonderful  muft 
the  fubtlety  of  the  parts  be,  whereof  thofe  fluids  are 
compofed.  And  hence  the  following  ftrange  theorem 
is  deduced  and  demonftrated  by  Dr.  Keil.  “ Any 
particle  of  matter,  how  fmall  foever,  and  any  finite 
fpace,  how  large  foever,  being  given,  it  is  poffible  for 
that  particle  to  be  diffufed  through  all  that  fpace,  and 
to  fill  it  in  fuch  a manner,  that  there  fhall  be  no  pore 
in  it»  whofe  diameter  (hall  exceed  any  given  line.” 

' , i 

5. '  The  laft  general  property  of  matter  is  motion  and 

reft.  For  it  is  plain,  all  matter  is  either  at  reft  or  in 
motion.  God  is  the  firft  and  univerfal  caufe  of  motion, 
as  well  as  of  all  things.  The  immediate  caufe  of  it,  is 
either  matter  or  fpirit.  . It  is  beyond  doubt,  that  a bo- 
dy moved,  communicates  its  motion  to  another, 
though  in  its  own  nature  it  be  purely  paffive.  Nor  can 
we  reafonably  deny  that  a fpirit  is  able  to  move  matter, 
although  the  manner  of  its  doing  this  we  cannot  com- 
prehend. ^ * ; r 

f ;_/•  . - 

6.  All  the  laws  of  motion  may  be  reduced  to  three. 

1.  Every  moving  body  is  moved  by  another  : 2.  Eve- 
ry moving  body  communicates  its  motion  to  any  body 
it  meets  : 3-  Every  moving  body  continues  in  motion, 
till  it  communicates  that  motion  to  another.  While 
thefe  laws  remain  in  force,  and  concur  in  producing 
various  effedts  : thofe  effedtsare  termed  natural.  When 
any  of  thefe  laws  are  fufpended,  this  is  properly  a mi- 
racle. ' . ) , f . 

1 : > > 7.  As 
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7.  As  the  elements  or  firft  (lamina  of  bodies  are^too 
fmall  to  be  difcemed  by  any  of  our  fenfes,  we  can  on- 
ly form  conjectures  concerning  them.  The  mod  pro- 
bable conjectures  are  thefe.  Empedocles,  and  Arifto- 
tie  from  him,  fuppofed,  there  are  four  elements,  fire, 
air,  water  and  earth.  And  indeed  this  divifion  feems 
to  be  grounded  on  the  nature  of  things  : for  there  is  no 
doubt  but  at  the  creation  of  this  globe*  the  confufed 
mafs  was  feparated  into  four  parts,  the  heavieft  of 
which  conftituted  the  earth,  the  particles  next  in  weight 
the  water,  the  third,  lighter  (fill,  air,  and  the  lighted 
of  all,  fire,  otherwife  termed  ether.  And  it  is  manifed, 
all  bodies  known  to  us,  are  reducible  to  one  or  more  of 
thefe.  Everything  corporeal  is  either  earth,  air,  wa- 
ter or  fire,  or  compounded  of  them.  So  that  after  all 
the  difquifitions  of  two  or  three  thoufand  years,  this  ea- 
fy,  plain,  natural  account  of  the  elements,  is  riot  like- 
ly to  be  amended  : it  being  a certain  fail,  that  of  thefe 
do  all  bodies  confift. 

8.  The  Ghymids  have  taken  another  way,  endea- 
vouring to  trace  the  principle  of  bodies,  not  by  the  or- 
dinary ufe  of  their  fenfes,  nor  by  reafoning,  but  from 
experiments  made  by  fire.  And  by  this  means  they 
make  five  elements.  For  whatever  is  diddled,  firft 
emits  a fapid  and  fpirituous  vapour,  which  is  by  cold 
condenfed  into  a liquor  : and  this  they  term  mercury: 

. then  an  infipid  liquor,  which  they  called  phlegm  : af- 
terward an  acid  liquor,  whith  is  alfo  termed  mercury.' 
A thicker  and  oily  liquor  comes  next,  which  becaufe 
eafily  inflammable,  is  Ailed  fulphu-.  The  fait  which 
is  afterwards  found  is  their  fourth  element,  the  infipid 
earth,  which  is  left,  the  fifth. 

9.  But  not  to  inftft,  that  all  bodies  are  not  refolvible 
into  thefe  principles,  it  is  utterly  uncertain,  whether 
fire  does  not  alter  the  natural  qualities  of  bodies,  and  in- 
troduce other  qualities  into  them,  which  they  had  not  be- 
fore. Befides  fome  of  thefe  are  not  fimple  elements.  They 
are  compounded  of  others,  oils  and  falts  in  particular. 
Therefore  neither  are  all  thofe  oils  and  falts  of  one  fort, 

but 
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but  as  various  as  thebodies  from  which  they  are  extracted* 
In  truth,  thefe  are  at  moft  the  conftituent  parts  of  two 
of  the  Ariftotelic  elements,  namely  water  and  earth  : 
but  the  two  others,  air  and  fire,  are  quite  "omit  ted  in 
their  account.  - 

~10.  Perhaps  one  might  rather  term  matter  itfelf, 
with  its  general  properties,  the  firft  and  moft  fimple 
element,  out  of  which  all  things  are  compounded.  But 
the  particles  of  this  are  not  fit  to  compofe  the  immedi- 
ate {lamina  of  larger  bodies,  till  they  combine  together 
into  oils,  falts,  and  juices  of  various -kinds.  And 
hence  arife  thofe  principles  of  the  Chymifts,  of  which 
moft  bodies  are  compounded  : although  Hill  they  are 
only  fecondaryelements,  asbeing  themfelves compound- 
ed. Indeed  itfeems  probable,  God  inthebeginningform- 
ed  matter  in  folid,  impenetrable,  moveable  particles,  of 
fuch  fizes  and  figures  as  moft  conduced  to  the  end  for- 
which  he  formed  them  : and  that  thefe  primitive  bodies 
are  incomparably  harder  than  any  porous  bodies  com- 
pounded of  them  : even  fo  hard  as  never  to  wear  out,  no 
natural  power  being  able  to  divide  them*  And  thus 
remaining  entire,  they  compofe  bodies  of  the  fame  na- 
ture and  texture  in  all  ages  : whereas  fhould  thefe  wear 
away,  or  break  in  pieces,  the  nature  of  things  depend- 
ing on  them  would  be  changed.  Nor  would  water  and 
earth,  compofed  of  broken,  worn-out  particles,  be  the 
''.fame  as  they  wrere  at  the  beginning.  But  they  are  the 
fame  in  all  ages  : and  the  changes  of  things  do  not  im- 
ply any  change  in  thofe  original  particles,  but  only  va- 
rious aflociations  and  reparations  of  them.  Nor  do 
compound  bodies  ever  break  in  the  middle  of  folid  par- 
ticles, but  where  thofe  particles  are  joined  together, 
and  only  touch  in  a few  points,. 
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CHA  R IV. 


Of  those  Things  wherein  Natural  Bodies1 2 


1 . Of  the  particular  Properties  of  Bodies* 

2.  Of  Light . 

3.  Of  Colours r 

4.  Of  Sounds . 

5.  Of  Smells. 

6.  Of  Taps. 

7.  Q/*  Moiflure  and  Drynefs  ; Heat  and  Cold » 

8.  0/  Gravity. 

9.  Cy  other  Properties  of  Bodies * 

10.  Of  occult  Qualities . 

11.  Rep  Elions..  - , 


1.  |T  T AVING  confidered  wherein  natural  bodies 

JlJL  agree,  we  come  now  to  confider,  the  particu- 
lar properties  wherein  they  difagree,  and  whereby  they 
are  diltinguilhed  from  each  other.  Thofe  of  them, 
which  are  perceived  by  our  outward  fenfes,  are  divid- 
ed accordingly  into  various  dalles,  as  they  affe^  the 
Tenfe  of  fight,  of  hearing,  of  tailing,  of  fmeliing,  or  of 
feeling.  ' v - • • 

* * v 

i ' 

2.  Light  feems  to  be  one  of  the  mod  fubtle  bodies  in 
the  univerfe.  The  grand  refervoir  thereof  is  the  fun 
but  k islikewife  emitted  by  many  other  bodies,  and  by 
almoft  all,  when  they  are  on  fire.  When  it  falls  on 
any  body  which  it  cannot  pafs  through,  and  fo  is  beat 
back,  it  is  faid  to  be  reflected.  But  when  it  paffes  from 
one  transparent  body  into  another, . which  is  either  rarer 
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or  denier,  it  moves  obliquely,  its  rays  being  bent,  and 
is  faid  to  be  refr'aCted.  When  it  pafles  through  a body 
in  ftrait  lines,  it  is  faid  to  be  transmitted.  Thofe  which  * 
emit  the  light  are  termed  lucid  bodies  ; thofe  which  re- 
flect it  opaque. 

The  particles  of  light,  minute  as  they  are,  are  at- 
tracted by  thofe  of  other  bodies.  Hence  in  their  paf- 
iage  near  the  edges  of  bodies,  whether  opaque  or  tranf- 
parent,  they  are  diverted  from  the  right  lines,  and  re- 
flected towards  thofe  bodies.  This  aCtion  of  bodies  on 
light  exerts  itfelf  at  fome  diftance,  but  increafes  as  the 
diftance  is  diminilhed  : as  appears  in  the  pafiage  of  a 
ray  between  the  edges  of  two  thin  plates,  at  different 
apertures  in  which*  it  is  peculiar,  that  the  attraction  of 
one  edge  is  increafed,  as  the  other  is  brought  nearer  it. 
The  rays  of  light  paffing  out  of  glafs  into  a vacuum, 
are  not  only  infleCted  toward  the  glafs,  but  if  they  fall 
too  obliquely,  they  will  revert  back  to  the  glafs,  and 
be  totally  reflected.  This  reflection  cannot  be  owing 
to  any  refiftance  of  the  vacuum,  but  merely  to  the  at- 
traCting  power  of  the  glafs.  This  appears  farther  from 
hence  : if  you  wet  the  pofterior  furface  of  the  glafs, 
the  rays,  which  would  otherwife  have  been  reflected, 
will  pafs  into  and  through  that  liquor : which  Ihews 
that  the  rays  are  not  reflected,  till  they  come  to  that 
pofterior  furface  of  the  glafs  ; nor  even  till  they  begin 
to  go  out  of  it.  For  if  at  their  going  out,  they  fall  in- 
to any  liquor,  they  are  not  reflected,  butperfift  in  their 
courfe,  the  attraction  of  the  liquor  counterbalancing 
that  of  the  glafs. 

From  this  mutual  attraction  between  the  particles  of 
light  and  other  bodies,  arifes  the  reflection  and  refrac- 
tion of  light.  The  determination  of  any  moving  bo- 
dy is  changed,  by  the  interpofal  of  another  body. 
Thus  light  meeting  any  folid  body,  is  turned  out  of 
its  way,  and  reflected  : but  with  this  peculiar  circum- 
ftance ; it  is  not  reflected  from  the  body  itfelf,  but  by 
fomething  diffufed  over  the  furface  of  that  body,  before 
it  touches  it.  It  is  the  fame  thing  in  refraction.  The 
rays  refracted  come  very  near  the  refracting  body  ; yet 
do  not  touch  it.  v Thofe  that  actually  touch  folid  bo- 
dies. 


; v 
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dies,,  adhere  to  them,  and  are  as  it  were  e^tinguifliecT 
and  loft.  " 

This  entirely  agrees  with  the  curious  obfervation  of 
an  ingenious  writer.  “ It  is  common  to  admire  the 
luftre  of  the  drops  of  rain,  that  lie  on  the  leaves  of 
coleworts  and  fome  other  vegetables.  Upon  infpeCt- 
ing  them  narrrowly,  I find  the  luftre  rifes  from  a co-  . 
pious  reflection  of  the  light,  from  the  flattened  parts 
of  its  furface,  contiguous  -.to  the  plant.  When  the 
drop  rolls  along  a part  which  has  been  wetted,  it  im- 
mediately lofes  all  its  luftre.  The  green  plant  being 
then  feen  clearly  through  it,  whereas  in  the  other  cafe 
it  is  hardly  to  be  difcerned.  : 

From  thefe  two  obfervations  laid  together,  we  may 
conclude,  the  drop,  when  it  has  the  luftre,  does  not 
really  touch  the  plant,  but  hangs  in  the  air  at  fome 
diftance  from  it,  by  the  force  of  a repulfive  power. 

For  there  could  not  be  fo  copious  a reflection  of  light 
from  its  under  furface,  unlefs  there  were  a real  inter- 
val between  it  and  the  furface  of  the  plant. 

Now  if  that  furface  were  perfectly  fmooth,  the  un- 
der furface  of  the  drop  would  be  fo  likewife,  and  would 
therefore  reflect  the  image  of  the  illuminating  body,  - 
like  a piece  of  polifhed  filver.  But  as  it  is  rough,  the 
under  furface  of  the  drop  becomes  rough  likewife  ?- 
and  foxrefleCling  the  light  copioufly  in  different  direc- 
tions, affumes  the  colour  of  unpolifhed  filver.” 

Again.  - Rays  palling  from  a more  rare  into  a more 
denfe  medium,  are  turned  out  of  their  right  line,  be— 
caufe  more  ftrongly  attracted  by  the  denfer  medium* 

Rays  of  light  differ  in  refpeCt  of  refraCtion,  reflec- 
tion and  colour.  Thofe  that  agree  in  the  firft  of  thefe* 
agree  in  all,  and  may  therefore  be  termed  homogeneal. 

Colours  exhibited  by  them  we-  may  call  homogeneal 
colours.  This  being  premifedi  we  may  obferve,  1.  . 1 

That  the  fun’s  light  confifts  of  rays  varioufly  refran- 
gible : 2.  The  rays  varioufly  refrangible,  when  fepa- 
rated  from  each  other,  exhibit  different  colours^  3 I 

That  there  are  as  many  Ample,  homogeneal  colours, 
as  there  degrees  of  refrangibility  4.  A composition 
of  all  the  Ample  colours,  is  requiute  to  conftitute  white- 
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nefs : 5.  The  rays  of  light  <lo  not  aft  upon  one  ano- 
ther, in  palling  through  the  fame  medium : 6.  Neither 
do  they  thereby  fuffer  any  refraftion : 7.  The  fun’s 
rays  contain  all  homogenous  colours,  which  may  there- 
fore be  called  primitive. 

As  fome  rays  of  light  are  lefs  than  others,  fo  they 
are  more  refrangible.  Thofe  which  are  moft  refran- 
gible, conftitute  violet  colour:  that  is,  the  fmalleft 
rays  excite  the  moft  languid  colour.  Thofe  which  are 
iargeft,  and  fo  lead  refrangible,  conftitute  red,  the 
moft  vivid  colour.  The  other  rays  excite  intermediate 
fenfations,  according  to  their  refpeftive  fize  and  refran- 
gibility.  x x / V ' \ , 

Bodies  refieft,  inftead  of  tranfmitting  light,  that 
is,  are  opaque,  not  tranfparent,  not  for  want  of  pores  ; 
but  either  becauie  of  the  unequal  denfity  of  their  parts, 
•or  the  magnitude  of  their  pores.  Either  their  pores 
are  empty,  or  they  are  filled  with  matter  of  a different 
hind,  whereby  the  rays  are  varioully  refrafted  and  re- 
flefted,  till  they  are  quite  abforbed. 

Hence  paper  and  wood  arb  opaque,  while  glafs  is 
tranfparent.  For  in  the  confines  of  parts  alike  in  den- 
fity (fuch  as  thofe  of  glafs  and  water)  there  arifesno 
refraftion  or  refleftion,  by  reafon  -of  the  equal  attrac- 
tion every  way  4 fo  that  the  rays  which  enter  the  firft 
furface,  pafs  ftrait  through  the  body.  But  in  the  pints 
-of  wood  and  paper,  which  are  unequal  in  denfity,  and 
contain  much  air  in  their  large  pores,  the  refraftions 
and  refleftions  are  very  great ; fo  that  the  rays  cannot 
pals  through  them,  but  are  bandied  about  tijl  they  are 
extinguiftied. 

Hence  opaque  bodies  become  tranfparent,  when  their 
pores  are  filled  with  a fubftance  of  equal  denfity : as 
paper  dipped  in  water  or  oil:  And  on  the  contrary, 

tranfparent  bodies,  by  emptying  their  pores,  or  fepa- 
rating  their  parts,  become  opaque.  Thus  falts  and  wet 
paper  become  opaque  by  drying,  glafs  by  pulverizing. 
Yea,  water  itfelf,.if  beat  into  froth,  lofes  its  tranlpa- 
rency.  - * 

That  light  is  corporeal,  cannot  now  he  doubted, 
having  been  proved  by  a thoufand  experiments.  By 
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reflexion  and  refradtion  it  may  be  turned  more  or  lefs 
out  of  its  way,  according  to  the  differed  denlities  of 
the  refledting  or  refradting  medium.  Its  rays  in  their 
progreffive  motion  may  be  intercepted  by  the  interpo-  ’ 

fal  of  any  opaque  objedt.  And  when  this  is  removed, 
they  proceed  again,  in  the  fame  ftrait  courfe  as  before. 

They  may  likewife  be  contra  died  into,  a lefs,  or  difFufed 
through  a larger  fpace,  while  the  quantity  of  light 
continues  the  fame,  neither  increafed  nor  diminifhed. 

So  in  the  focus  of  a burning  glai’s,  all  the  rays  which 
would  otlierwife  pafs  diredtly  through  the  glafs,  are 
contracted  into  one  bright  fpot,  while  the  circumam-  ..  1 

. . bient  fpace,  for  the  breadth  of  the  glafs,  is  deprived 

of  its  light,  and  left  ftiaded.  And  the  adtion  of  light 
thus  condenfed,  is  proportional  to  its  quantity,  and 
produces  all  the  effedts  of  the  moft  intenfe  fire,  yea, 
fuch  as  no  culinary  fire  will  produce.  Whence  it  is 
plain,  that  fire  and  light  are  eflentially  the  fame,  and 
that  fire  is  only  condenfed  light. 

\ ' . ; 

The  materiality  of  light  is  farther  confirmed  by  its 
motion.  For  vifion  is  propagated  through  this  medium 
fucceffively,  as  found  is  through  air.  This  has  been 
demonftrated  from  the  eclipfes  of  Jupiter’s  fatellites. 

For  the  fatellite  having  been  hid  behind  the  planet,  it 
requires  a certain  time,  after  it  emerges,  before  its 
light  can  reach  the  eye,  namely  feven  minutes  and  a 
half : which  is  a motion  fix  hundred  thoufand  times 
fwifter  than  that  of  found  through  the  air. 


i 


"n 


; 


The  quantity  of  elementary  light,  is  c ceteris  pari- 
bus, every  where  the  fame  at  the  fame  diftance  from 
the  fun.  But  its  adtion  is  more  or  lefs  intenfe,  as  the 
rays  are  more  diredt  or  oblique.  Thefe  are  in  a con- 
tinual vibrating  motion,  going  and  returning  to  and 
from  the  refitting  medium,  in  exceeding  Ihort  and  im- 
perceptible intervals,  w’hich  makes  the  felement  feem  to 
be  at  perfedt  reft.  All  the  rays  are  refradted  and  re- 
fledted  alternately  ; fo  that  the  fame  incident  ray,  which 
is  refradted  at  one  interval,  is  refledted  at  the  next. 
This  is  vifible  in  tranfparent  mediums,  where  the  rays 
fall  upon  glafs,  water  and  the  like.  But  in  opaque  bo- 
dies, 
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dies,  thbugh  the  fa6l  is  the  fame,  it  is  not  fo  fenfible* 
When  the  rays  fall  upon  glafs,  they  are  refle&ed  one 
moment,  and  tranfmitted  the  next*  And  this  vibrat- 
ing motion  feems  to  be  eifential  to  light,  when  its  rays 
are  put  into  motion. 

' In  talking  of  light  and  found,  we  are  apt  to  con- 
found the  fenfation  with  the  motion  of  the  medium 
that  excites  it.  Thus  in  a deep  calm  we  fay,  there  is 
no  air,  becaufe  we  feel  none:  though  there  is  really 
the  fame  quantity  of  air  in  equal  fpace,-  as  if  it  blew 
a ftorm.  And  fo  in  deep  darknefs  we  fay,  there  is  no 
light  in  the  room:  although  there  isfuppofed  to  be  as 
much  light  there,  as  was  at  noon  day.  Only  its  rays 
are  quiefcent,  and  make  no  impreffion  upon  the  vifive 
organs. 

Sound  is  faid  to  move  about  fourteen  miles  in  a 
minute,  which  is  performed  thus.  The  ftroke  given 
by  the  founding  body  to  the  contiguous  air,  is  com- 
municated to  the  next,  and  fo  on  till  it  reaches  the 
ear. 


The  ofcillations  of  the  air  are  required  to  fucceed  each 
other  with  a certain  velocity ; and  in  order  to  render 
them  audible,  they  mull:  not  be  few^er  than  thirty  in  a fe- 
cond  of  time.  But  the  more  frequent  thefefonorous  wave 
are  in  a given  time,  the  fharperis  the  found  heard,  and 
the  more  ftrongiy  does  it  affe<5t  us ; till  we  come  to 
the  mofl  acute  of  audible  founds,  w7hich  have  7520 
tremors  in  a feeond.- 

Acute  founds  are,  in  general,  yielded  from  bodies 
that  are  hard,  brittle  and  violently  Ihook  or  ftruck ; 
grave  founds  are  from  the  contrary.  Cords  or  other  * 
bodies,  that  yield  the  fame  number  of  vibrations  in 
given  time,  are  laid  to  be  unifon  ; as  thole  which 
make  double  the  number  of  ofcillations  in  that  time, 
yield  a tone  that  is  an  o&ave,  or.  eight  notes  higher  ; 
and  other  proportions  betwixt  the  number  of  the  vi- 
brations, have  different  names  affigned  to  them  in  a 
mufical  fcale.  The  fhorter  cords  produce  lharper  tones, 
and  the  reverfe  in  a proportion  directly  as  their  lengths  ; • 
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alfo  thofe,  which  are  more  ftretched,  afford  fharper 
founds. 

The  found  whether  acute  or  grave,  ftrong  or  weak, 
is  carried  through  the  air  about  1038  Paris  feet  in  a 
fecond,  and  that  with  an  uniform  velocity,  without 
abating  in  the  larger  diftances.  But  a contrary  wind, 
caufing  the  vibrations  to  extend  more  flowly,  retards 
the  progreffion  of  found  -about  one-twelfth  of  its  ve-^ 
-locity.  Denfity  and  drynefs  of  the  air  increafe  the 
found,  as  the  rarefa&ion  and  moifture  of  the  air  leffen^ 
it.  Hence  in  fummer  time,  found  moves  fwifter ; and 
in  Guinea,  it  has  been  obferved  to  pafs  at  the  rate  of 
1398  Par ilian  feet  in  one  fecond. 

• • * ' ' * ' . Nw.  ’ * » 

Plutarch  fays,  deers  and  horfes  are  of  all  irrational 
* * 

creatures,  the  mod  affected  with  mufic.  Mr.  Playford 
fays  the  fame  thing,  and  adds,  “ Myfelf,  as  I travelled 
fome  years  fince,  near  Royfton,  met  about  twenty 
flags  upon  tire  road  following  a bagpipe  and  violin  ; 
which  when  the  mufic  played  went  forward,  when  it 
ceafed,  they  all  flood  ftill.  And  in  this  manner  they 
were  brought  from  Yorkfhire  to  Hampton  Court.  Li- 
ons likewife,  and  elephants  are  fufceptible  of  the  pow- 
ers of  mufic.  So  are  many  dogs,  and  mod,  if  not . 
all  fmging  birds*”  A late  author  gives  a ftranger  ac- 
count ililL 

Monfieur  de— — , Captain  of  the  regiment  of 
Navarre,  was  confined  in  prifon  fix  months.  He  beg- 
ged leave  of  the  governor  that  he  might  fend  for  his 
lute.  After  four  days  he  was  aftoniflied,  to  fee  at  the 
time  of  his  playing,  the  mice  come  out  of  their  holes, 
and  the  fpiders  delcend  from  their  webs,  which  came 
and  formed  a circle  round  him,  to  hear  him  with  at- 
tention. This  at  firft  fo  furprifed  him,  that  he  left 
off,  on  which  they  all  retired  quietly  into  their  lodg- 
ings. It  was  fix  days  before  he  recovered  from  his 
aftonifhment.  He  then  began  to  play  again.  They 
came  again,  and  in  ftill  increafing  numbers,  till  after  a 
time  he  found  a hundred  of  them  about  him. 

I faw  a very  large  and  fierce  lion  which  was  then 
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kept  at  the  Infirmary  at  Edinburgh,  quite  tranfported' 
with  the  found  of  a bagpipe,  and  rolling  upon  its  back 
with  the  utmoft  fatisfadlion.  I faw  likewife  the  old 
lion,  in  the  tower  of  London  liften  with  the  utmoft 
attention  to  a German  flute.  Mean  time  a young 
ctigre  leaped  up  and  down  incefiantly,  till  the  mafic 

' ceafed.  So  it  may  be  literally  true, 

■ - - . > / 

• ' _ ‘ ' * \ 

Suetus  Amphion  lenire  tigres. 

^ • 

. / 

/ r , * 

Light  is  propagated  about  two  hundred  thoufand 
miles  in  a fecond,  after  the  very  fame  manner  as  found. 
The  fun  imprefles  the  contiguous  part  of  its  vifive  at- 
mofphere:  (light  feem's  to  be  the  atmofphere  of  the 
fun,  as  air  is  of  all  opaque  bodies.)  That  pact  im- 
prefles the  next,  and  fo  on,  till  it  reaches  the  eye. 

' “ < a _ 

" < ’ ' # ' ' X 

All  fenfation  Is  from  contadt  of  feeling.  And  when 
the  objedt  is  not  in  immediate  contadt  with  the  organ 
it  affedts,  touches,  or  impre/fes,  by  an  interpofed  me- 
dium. By  this  means  the  foul  perceives  or  feels  the 
objedt  by  the  proper  organ.  And  thus,  feeing  is  in 
effedt,  the  feeling  of  the  eye;  hearing,  the  feeling  of 
the  ear.  • 

• ' • t‘  , " v * ' 

, » - r - ' - - v * . 

From  all  our  experiments  it  appears,  that  the  par- 
ticles of  light  are  extremely  minute.  Probably  they 
are  the  very  fmalleft  and  laft  divifions  of  matter,  which 
being  perfectly  folid,  cannot  receive  any  other  form. 
So  minute  are  they  as  to  pafs  freely  even  through  the 
pores  of  glafs,  which  no  other  fluid  can  penetrate. 

All  other  bodies  are  immerfed  in  this  univerfal  fluid, 
the  common  medium  of  all  their  a&ions  on  each  other. 
But  amidft  all  the  changes  of  compound  bodies,  all 
the  forms  they  fucceffively  put  on,  this  Ample  element 
remains  for  ever  fixed  and  immutable. 

\ £ ^ / f 

1 •#  * • , - • V 

As  to  fire  or  condenfed  light,  all  bodies  whatever 
fly  or  recede  from  it,  in  proportion  to  its  denfity  : and 
this  feems  to  be  its  firft  and  molt  elfential  property*  that 
no  other  body  can  exift  with  it,  or  bear  its  immediate 
adtion.  % So  far  as  it  prevails,  it  diifolves  the  cloieft 
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atzid  ftrongeft  cohefion  of  parts  in  all  other  bodies,  and 
reduces  them  into  fo  extremely  minute  particles,  that 
they  evaporate  in  air.  And  herein  is  an  eflential  diffe- 
rence, between  this  and  all  other  difiolvents  in  nature, 
that  the  fubftance  diffolved  cannot  unite  with  the  dif^ 
folvent,  without  deftroying  its  a&ion. 

When  fait  diffolves  in  water,  iron  in  aqua  fortis,  or 
gold  in  aqua  regia,  the  fubftance' diffolved  is  equally 
diffufed  through  the  diffolvent,  'fo  as  to  incorporate 
with  it.  But  none  of  the  things  diffolved  by  fire,  can 
mix  or  incorporate  with  it.  They  all  fly  off  in  vapour : 
'Otherwife  the  fire  is  prefently  extinguilhed.  _ 

. ' v . ' I 

Elementary  light  then,  the  rays  of  which  when  con- 
denfed,  take  the  name  of  fire,  is  an  element  of  a pe- 
culiar kind,  not  fubjed  to  the  mechanical  laws  of  other 
bodies.  Now  if  we  fuppofe  a material  fluid,  void  of 
gravity,  preffure,  or  any  other  mechanical  power,  all 
gravitating  bodies  will  move  through  fuch  a fluid,  as 
freely  as  in  vacuo. 

Elementary  light  is  a material  fluid,  void  of  gravity, 
preffure  or  any  other  mechanical  power.  When  con- 
denfed,  it  is  purei  elementary  fire,  which  excludes  all 
other  matter  out  of  the  fame  fpace.  Yet  it  "lies  in  the 
focus  of  a burning  glafs,  perfectly  ftill  and  quiefcent. 
Though  it  is  furrounded  by  the  air,  which  is  a gravi. 
rating  fluid,  prefling  equally  every  way,  yet  this  im- 
■mechanical  element  is  not  at  all  affected  by  it,  fo  as 
to  rife  or  fall  in  it,  or  in  the  leaft  to  alter  its  ftate,  ei- 
ther of  reft  or  motion,  which  mu  ft  neceffarily  happen, 
were  it  endued  with  gravity,  or  the  other  mechanical 
properties  found  in  other  bodies. 

And  that  the  rays  of  light,  in  their  progreffive  mo- 
tion, do  not  prefs,  refill,  attrad,  or  at  all  difturb  each 
other,  is  evident  from  fads  though  they  comfc  from 
every  point  of  fpace,  that  can  be  within  the  optic  an- 
gle of  the  eye.  Thus  two  men  Handing  at  a diftance, 
and  looking  at  each  other,  fee  one  another  at  the  fame 
inftant,  and  that  by  means  of  ra’ys,  which  ad  in  con- 
trary directions,  without  the  leaft  refiftance.  And  any 
number  of  other  men,  Handing  in  any  pofition,  may 
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fee  the  fame  men  in  the  fame  inllant,,  by  rays  which 
crofs  each  other  without  any  interruption,  in  all  poffible 
angles.  But  in  founds  which  move  through  a gravitat- 
ing,  refilling  medium,  the  cale  is  quite  different.  For 
a multitude  of  founds,  from  different  fonorous  bodies, 
cannot  be  diftinClly  heard : particularly,  when  they 
come  t©  the  ear,  in  many  different  directions.  For  the  . 
undalations  of  the  refilling  medium,  mixing  with,  and 
diflurbing  each  other,  confufe  the  fenfation,  throwing 
all  together,  indifcriminately  to  the  ear.  Thus  when 
a multitude  of  people  are  all  talking  together,  the  ear 
receives  only  a confufed  hum  or  murmur ; whereas  the 
eye  can  perceive  all  or  any  one  of  them  diftinClly  and 
without  confufion. 

Indeed  nothing  is  more  fure,  than  that  gravity, 
prefTure,  refinance,  and  all  thofe  affections  of  bodies  ’ 
which  are  termed  their  mechanical  powers,  are  not 
intrinfie  or  effential  to  them.  For  fince  matter  is  purely 
palfive,  and-can  only  aCt  as  it  is  aCted  upon,  it  follows, 
that  the  aClive  force  or  energy,  *which  we  obferve 
through  the  whole  material  fyftem,  mull  be  the  effeCl 
<Jf  feme  intrinfie,  or  effential  caufe.  And  futh  a 
caufe  is  light.  But  then  the  a&ions  of  this  can  never 
be  mechanically  accounted  for.  How  this  immecha- 
nical  flujd  aCts  upon  other  bodies,  and  determines  their 
mechanical  powers,  we  can  no  more  explain  than  how 
the  foul  aCts  upon  the  body,  or  the  mind  upon  matter.' 
But  we  are  fure  this  is  not  done  by  weight,  preffure, 
refinance,  or  any  mechanical  property  whatever. 

' \ 

“ But  what  are  the  general  laws  of  nature  ?”  They 
are  plainly  the  rules  or  principles,  by  which  the  Go-' 
vernor  and  Director  of  all; things,  has  determined  to 
aCt.  Accordingly  what  we'call  mechanifm,  i$  indeed  - 
the  free  agency  and  continued  energy  of  the  Author 

and  Director  of  nature.  AH  the  neceffary  njption  of 
bodies  therefore,  and  all  the  laws  and  force?;  ^hereby 
it  is  communicated  and  preferved,  are  the  continued,  • 
regular  will,  choice  and  agency  of  the  Firft  Caufe, 
and  dneeffant  Mover  and  Preferver  of  the  univerfe. 

By  the  help  of  this  admirable,  this  firft  made,  be- 
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caufe  moft  neceflary  creature,  light,  all  the  animal 
world  ii  enabled  to  go  here  and  there,  as  their  occa- 
sions call.  We  can  with  pleafure  behold  the  glorious 
works  of  God  : we  can  viyw  the  glories  of  the  heavens, 
the  beauties  of  the  flowery  'fields,  the  gay  attire  and 
exquifite  garniture  of  many  creatures.  We  can  with 
admiration  fee  the  great*  Creators  wonderful ; art  in 
the  parts  of  animals  and  vegetables.  In-  a word,  we  can 
behold  the  harmony  of  this  lower  world,  and  of  the 
globes  above,  and  furvey  his  exquifite  workmanfliip  in 
every  creature. 

It  is  a great  inftance  of  his  providence,  that  fo  ne- 
ceflary as  light  is,  it  is  not  long  in  paffing  from  place 
to  place.  How  inconvenient  would  .it  be,  were  the 
motion  of  it  no  fwifter,  than  that  of  thefwifteft  bodies 
on  earth,  fuch  as  of  a bullet  out  of  a great  gun,  or 
even  of  found  itfelf?  Did  it  move  at  the  rate  of  the 
firft,  it  would  be  above  thirty-two  years  in  coming 
from  the  fun  to  us,  (according  to  the  common  compu- 
tation of  the  fun’s  diftante,)  above  feventeen  years  at 
the  rate  of  the  fecond  motion.  The  inconvenience  of 
’ this  would  be,  its  energy  would  be  greatly  abated,  its 
rays  would  be  lefs  penetrant,  and  darknefs  would  be 
diffipated, r*  with  greater  difficulty,  efpecially  - by  the 
fainter  light  of  our  fublunary  luminous  bodies.  But 
paffing  with  that  prodigious  fwiftnefs,  (from  the  fun 
to  us  in  feven  or  eight  minutes)  we  receive  with  fecu- 
rity  and  fpeed  the  kindly  effiedts  of  that  noble  and  uie- 
ful  creature. 

Another  thing  Worthy  /tff'donfideration  is,  the  in- 
conceivable extenfion  of  l^Ht.  It  is  as  unlimited  as 
the  univerfe  itielfy  is  manifeft  from  our  feeing  fo  me 
of  themoft  diftant  objedts,  the  heavenly  bodies,  partly 
with  the ffiaked  eye,  partly  with  the  help  of  iyiftru- 
njents.^dAnd  had  We  inftruments  of  power  equal  to 
the  extent  of  light,  the  luminous  bodies  in  the  utmoft 
• parts  of  the  univerfe,  would  doubtlefs  be  vilible  too, 

, Hereby  We  have  a ken  of  thofe  many  glorious  wm*ks 
of  the  infinite  Creator,  which  we  can  improve  to  lbme 
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ofs  the  nobleft  fciences,  and  mod  excellent  ufes  of  our 
own  globe. 

One  fpecies  of  lucid  bodies  are  termed  Phofphori: 
of  which  fome  are  natural,;  others  artificial.  Na- 
tural phofphori  emit  light  without  a,ny  art  or  prepa- 
ration. Such  are  glow-worms,  and  feveral  forts  of 
Alining  infects.  Such  are  rotten  wood : the  eyes,  blood, 
fcales,  flefh  and  feathers  of  fome  animals.  Diamonds 
likewife  when  rubbed  emit  light,  to  one  who  has  flayed 
fome  time  j in  the  dark.  But  before  the  diamond  is 
brought  into  the  dark  room,  it  fhould  lie  eight  or  ten 
- fee  ends  in  the  fun-fliine.  It  will  then  fhine  in  the  dark 
twelve  or  thirteen  minutes : but  its  light  gradually* 

weakens  all  the  time.  . 

\ > .-r- 

But  it  is  remarkable,  that  fome  diamonds  have  this 
property  of  imbibing  the  fun’s  rays,  and  Alining  in  the 
dark,  and  others  not,  though  there  is  no  other  dif-  , 
cernible  difference  between  them.  Nor  is  there  any 
rule  of  judging,  which  diamonds  have  this  property, 
and  which  havp  not.  Their  brightnefs,  their  purity, 

"f  their  fize,  their  fhape,  contribute  nothing  to  it. 

Sulphur  and  fugar  when  pounded  in  the  dark,  will 
likewife  emit  light ; as  will' the  backs  of  horfes  or.  cats* 
when-  rubbed  with  the  hand,  and  fea-water,  yea  and 
fome  mineral  waters,  brifkly  agitated.  But  no  natu- 
ral phofphorus  (hines  always,  or  gives  any  heat.  - 

* * i ' ; 

Artificial  phofphorus  is  made  chiefly  from  human 
urine.  - But  it  may  be  made  from  blood,  or  hair  ; or 
indeed  from  any  part  of  an  animal,  which  yields  ail 
oily  diflillation.  It  is  at  firfl  of  the  confiflence  of  hard 
wax  ; but  diffolves  in  all  kinds  of  diflilled  oil.  With 
folid  phofphorus  one  may  write  on  paper  as  >vith  a pen- 
cil, and  the  letters  will  fhine  in  the  dark.  A little 
piece  of  it  rubbed  between  two  papers,  takes  fire  pre- 
fently.  It  burns  vehemently,  and  penetrates  deeper 
into  the  flefh  than  common  fire.  It  never  fpoils,  if 
kept  in  a phial  full  of  water.  Liquid  phofphorus  does 
\ not  keep  long.  If  the  face  or  hands  be  fmeared  with 
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this,  they  will  fhine  in  the  dark,  yet  without  any  hurt 
to  the  {kin. 

If  phofphorus  be  put  into  along  phial,  of  which  three 
fourths  is  filled  with  water,  it  will  frequently  fend  up 
. corrufcations,  which  will  pierce  through  the  water, 
and  expand  themfelves  with  great  brightnefs  in  the 
upper  part  of  the  phial.  - 

If  we  compare  this  with  lightning,  we  may  obferve, 
that  as  in  this  the  fire  pafles  alternately  through  the 
water,  fo  in  that  the  flaflies,  which  come  at  intervals, 
pafs  uninterrupted  through  the  mod  denfe  clouds  and 
thickeft  rain.  But  this  is  ufually  in  warm  weather,  not  in 
winter.  And  it  is  the  fame  with  phofphorus.  It  very  fre- 
quently flalhes  in  warm  weather,  but  very  rarely  in 
winter. 


Again.  The  flame  of  lightning  is  generally  inofFen- 
five,  and  does  not  fet  fire  to  any  thing.  In  Kke  man- 
ner the  flalhes  of  phofphorus  are  harmlels,  and  do  not 
fet  fire  to  the  moll  combuftible  matter.  But  when 
condenfed  phofphorus  is  fet  on  fire,  it  burns  terribly. 
And  in  the  fame  manner  lightning  when  condenfed, 
burns  trees,  houfes  or  whatever  it  comes  near.  Phof-  . 
phorus  -while  burning,  adts  as  a corrofive,  and  when 
it  goes  out,  forms  a menfiruum,  which  diflolves  gold, 
iron,  and  other  metals.  Lightning  melts  the  fame 
fub  dances.  ~ 


Another  kind  of  artificial  phofphorus,  is  a prepa- 
ration of  the  Bononian  done.  This  Rone  is  of  no 
certain  figure,  but  is  fometimes  round,  fometimes  ob- 
long, or  lenticular.  They  are  * ufually  as  big  as  an 
orange,  but  very  light,  confidering  their- bulk.  They 
are  of  various  colours,  fome  alh-coloured,  fome  blue, 
and  fome  almod  white.  When  this  done  is  prepared, 
it  receives  light,  but  in  very  different  degrees,  either 
from  the  fun,  the  moon,  common  day -light,  or  a flame. 
After  it  has  been  expofed  a few  minutes  to  any  of  thefe, 
it  fhines  in  the  dark  like  a burning  coal,  with  fuch  a 
light  as  is  fufficient  to  read  by,  if  the  letters  be  held 
near  the  done.  It  does  not  retain  its  light  long,  but 
requires  often  renewing.  When  well  prepared,  it  will 
retain  this  virtue  for  five  or  fix  years.  It  appears  to 
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ttioft  advantage,  if  brought  into  a dark  room,  after 
being  held  in  the  fun. 

- / 

' 3.  When  the  rays  of  light  fall  on  opaque  bodies, 

they  are  varioufly  refledted  to  our  eyes,  according  as 

the  furface  of  thofe  bodies  are  varioufly  difpofed.  And 

hence  arifes  our  fenfation  of  colours.  Thefe  as  they 

exift  in  the  coloured  bodies,  are  only  the  difpofitions 

of  their  furface,  to  reflect  fuch  particular  forts  of  rays. 

White  bodies  refledt  all  rays  every  way,  without  any 

Reparation  of  th$m.  On  the  contrary,  black  bodies 

imbibe  all  the  rays,  and  refledt  none  or  very  few, 

whereas,  blue,  yellow,  and  red  bodies,  refledt  only 

one  particular  fort  of  rays.  The  fmalleft  fort  of  rays 

are  fuppofed  to  be  blue ; the  next  yellow,  the  largeft 

fed.  * 

To  be  a little  more  particular.  There  are  eight  true 

primary  colours,  which  are  red,  yellow,  green,  blue, 

violet,  purple,  orange,  and  indigo.  All  the  reft  are 

compounded  of  thefe,  and  are  termed  fecondary  co* 

lours.  But  the  more  compound  any  colour,  the  lefs 

vivid  it  is.  And  by  too  much  compofition  they  may 

be  diluted  and  weakened  till  they  dre  deftroyed.  The 

moft  extraordinary  compofition  of  all  is  that  of  white* 

nefs.  For  to  this  five  at  leaf!  of  the  primary  colours 

are  required,  as  alfo,  that  they  be  mixed  in  a certain 

degree.  And  hence  white  is  the  ordinary  colour  of 

light ; light  being  an  affemblage  of  all  colours. 

The,  tranfmutation  of  colours  by  mixing  theth  to- 
gether, is  not  real,  but  merely  apparent.  Thus  mix 
blue  and  yellow  powders,  and  they  appear  green.  But 
view  them  with  a microfcope,  and  the  blue  and  yellow 
particles  are  feen  as  diftindt  from  each  other  as  be* 
fore. . ‘ ' > . . ' 

■ To  produce  black,  the  particles  muft  be-  lefs  than 
thofe  which  exhibit  any  other  colour.  Where  they  are 
greater,  there  is  too  much  light  refledted  to  conftitute 
thiss,  colour.  ' But  if  there  be  a little  lefs  than  forms 
the  indigo,  the  body  appears  intenfely  black. 

And  hence  it  appears,  why  fire  and  putrefadtion  turn 
many  fubftances  black.  They  divide  them  into  ex- 
ceeding fmall  particles,  which  then  abforb,  inftead  of 
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reflecting  the  light.  Hence  alfo  it  appears,  why  gl^fs 
ground  very  elaborately  with  fand  on  a copper-plate, 
makes  the  fand  together  with  what  is  worn  off  from  the 
. glafs  and  copper,  become  very  black  : likewife,  why 
black  fubftances  expofed  to  the  fun,  are  hot  fooner  than 
any  other.  This  may  partly  proceed  from  the  multi* 
tude  of  refractions  in  a little  room,  partly  from  the 
eafy  commotion  of  fo  fmall  particles,  and  from  their 
imbibing  his  rays.  Hence  alfo  we  learn,  why  blacks 
areufually  inclined  to  a bluifh  colour.  Black  borders 
on  indigo,  and  therefore  reflects  indigo-rays,  if  any. 

To  try  if  black  bodies  receive  heat  more  than  others, 
Mr.  Boyle  whited  one  half  of  a tile,  and  blacked  the 
other,  and  then  expofed  it  to  the  fummer  fun.  While 
the  white  part  ftill  remained  cool,  the  black  part  was 
grown  very  hot.,  For  farther  fatisfaction  he  expofed  to 
the  fun  a tile,  part'  of  which  was  blacked,  part  white, 
and  part  of  its  natural  red  : and  after  a while  found 

the  black  part  hot,  the  red  warm,  and  the  white  cool. 

} *•  - 

' > * A , , 

“ I laid  on  the  fnow,  (fays  Dr.  Franklin,)  little 
pieces  of  broad  cloth,  of  divers  colours,  black,  deep 
blue,  light  blue,  green,  purple',  red,  yellow,  white, 
in  a bright  fun-ihiny  morning.  In  a few  hours  the  ' 
black  (being  warmed  meft)  was  funk  loweft,  the  dark 
blue  almoft  as  low,  the  light  blue  not  quite  fo  much, 
the  other  colours  lefs  as  they  were  lighter,  and  the 
white  not  at  all.  This  was  an  eafy  and  certain  way  of 
, fhetying  which  was  heated  moft.” 

■ . n : ' < ' a 

» V K x 

All  the  fecpndary  colours  of  natural  bodies  proceed 
from  their  reflecting  two  or  more  forts  of  rays  toge- 
ther, and  abforbing  the  reft.  , w " \ 

Glafs,  cryftal,  diamond,  and  other  tranfparent  bo- 
dies, lofe  their  tranfparency,  and  are  wThite,  when  re- 
duced to  powder : the  change  of  texture  caufing  them 
to  reflect  the  rays  which  before  they  tranfmit.  v 

White  loaf  fugar,  melted  over  the  fire,  without 
water,  fir  ft  turns  brown,  afterwards  black.  And 
a Angle  grain  of  this  tinges  a quart  of  fair  water 
- with  a beautiful  yellow.  Violets,  rofes,  carnations, 
and  moft  flowers  lofe  their  colour,  by  being  long  in 

N the 


\ 


> : ( 153  ) / 

the  open  air.  And  by  t;he  fame  means  blue  eflVntial 
oil  of  camomile-flowers  changes  to  a <^irty  green.- 
Many  colours  may  be  produced,  deffroyed,  and  re- 
generated,  upon  Ample  mixture.  Let  dried  rofe- 
leaves  ffay  awhile  in  fpirits  of  wine,  and  they  lofe  their 
colour  without  tinging  the  liquor.  But  add  a little 
oil  of  vitriol,  and  it  turns  red:  put  in  a little  urinous 
fpirit,  and  the  red  changes  to  green,  which  by  adding 
a little  more  oil  of  vitriol,  turns  to  a red  again. 

Make  a flight  infuiion , of  bruiied  galls  in  water,  fo 
as  not  to  difcolour  it.  Make  alio  a weak  infufion  of 
green  vitriol  in  water,  which  will  by  ftill  tranfparent. 
Yet  mix  them  together,  and  an  inky  blacknefs  will  im- 
mediately arife.  But  add  a little  oil  of  vitriol,  the 
blacknefs  will  vaiiifli,  and  the  liquor,  be  tranfparent 
again.  Yet  the  black nei shira y be  recalled  by  adding  a 
little  fait  of  tartar.  < . * . % 

If  a little  bruifed  camphire  which  is  very  white,  be 
put  into  tranfparent  oil  of  vitriol,  the  camphire  will 
diffolve,  and  tinge  the  liquor  firft  brown,  and  at  length 
a fine  black.  But  upon  the  addition  of  fair  water, 
the  blackneis  entirely  vanHhes,  and  the  camphire; ; re- 
gains its  native  whitenefs,  • 

A tranfparent  infufion  of  fugar  of  lead  in  water  be- 
ing wrote  with,  when  dried  becomes  invifible.  But 
the  bare  fumes  of  another  transparent  liquor,  namely, 
infuiion  of  quick  lime  and  orpiment  in  water,  will 
quickly  make  the  invifible  writing  black  and  .vifible* 
And  not  only  fecondary,  but'  primary  colours  are 
producible  by  Ample  mixture.  If  the  fun’s  rays  pafs 
through  two  pieces  / of  ^differently  coloured  glafs,  lup  * 
pofe  a blue  and  yellcrtv  piece  laid  on  each  other,  and 
thefe  rays  are  received  upon  whitepaper,  they  produce 
a beautiful  green  A mixture  of  feven,  or  even,  five 
original  colours,  will  make  a pure  white.  If  diffe- 
rent Coloured  flames  be  brought  to  mix,  the  experi- 
ment is  made  to  perfe&ion. 

Flames  from  different  bodies  are  of  different  colours. 
The  flame  of  camphire  is  white  ; of  fiilphur,  blue  ; 
of  white-wax,  inclining  to  yellow.  For  making  ex- 
periments, oil  may  be  impregnated  with  different  me- 
tals, lb  as  to  exhibit  their  particular  flames. 
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4.  Air  is  the  ordinary  vehicle  of  found,  which  is 
the  fainter,  the  more  remote  the  founding  body  is.  It 
is  alfo  leflened,'and  fometimes  quite  interrupted  either 
by  contrary  winds  or  thick  vapours  floating  in  the  air. 

It  is  fuppofed,  that  the  founding  body,  excites  a kind 
of  undulation  or  tremulous  motion  in  the  air,  railing  - 
as  it  were  waves  of  air,  one  of  which  impels  the  other 
till  they  reach  the  ear. 

Sound  moves  but  little  quicker  by  having  the  wind 
' with  it,  as  it  moves  at  leaft  thirty-three  times  fafter  ■ 
than  the  me  ft  violent  wind  we  know.  But  it  is  heard 
much  farther  thereby.  ' * 

That  air  is  the  grand  vehicle  of  found,  appears 
from  various  experiments.  A bell  in  an  unexhaufted 
receiver,  may  bp  heard  at  feme  diftance : but  fcarce 
at  the  fmalleft,  when  it  is  exhaufted.  But  it  is  not  the 
only  one,  water  too  will  convey  found.  If  you  ftrike 
a bell  under  water,  the  found  is  heard  plain,  only  not 
fo  loud,  and  alfo  a fourth  deeper.  And  a found  made 
in  air,  is  heard  under  water,  with  juft  the  fame  dif- 
ference. 

Sounds  commonly  move  a mile  in  about  nine  fe- 
conds  and  quarter.  If  a gun  be  difeharged  with  its 
mouth  to  us  or  from  us,  the  report  comes  to  us  in  the 
verydametime.  It  always  moves  the  neareft  way,  and 
equally  fwift  from  the  beginning  to  the  end  of  its  mo- 

• i » * - fe  -v 

tton. 

. If  the  undulating  air  ftrikes  againft  hard,  concave 
bodies,  it  rebounds,  and  occafions  what  we  call  an  echo. 
As  often  as  found  ftrikes  ^perpendicularly  on  a wall, 
behind  which  is  any  vault  or  arch,  or  even  a parallel 
wall,  fo  often  it  will  be  reverberated  in  nearly  the  fame 
line.  For  a multiplied  echo,  there  muft  be  a number 
of  walls  and  cavities,  either  behind,  or  fronting  each 
other.  x 

The  echo  in  Woodftock-park  returns  very  diftindlly, 
in  the  day  feventeen,  in  the  night,  twenty  fyllables. 
There  is  an  echo  on  the  bank  of  the  river  Naffa,  be- 
tween Bingen  and  Collentz  in  Germany,  which  re- 
peats what  is  faid  feventeen  times.  And  what  is  ftill 
more  peculiar,  the  perfon  who  fpeaks,  is  fcarce  heard 
at  all,  but  the  repetition  clearly, _ and  with  furpriftng 
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variety  : the  echo  feeming  fometlmes  to  approach 
nearer,  and  fome  times  to  be  farther  off.  One  perfon 
hears  oifty  one  voice,  another  feveral : ore  hears  it  on 
the  right,  another  on  the  left.  . 

1 Two  miles  from  Milan  there  is  a ftill  more  furpri- 
fing  echo.  It  returns  the  found  of  a piflol  fifty-fix 
times.  The  firft  repetitions  follow  one  another  very 
quick  ;T>ut  they  are  more  diftin&  in  proportion  as 
they  decay.  There  are  two  parallel  walls,  which 
beat  the  .found  back  upon*  each  other^ 


5.  The  finex  effluvia  fronrodorous  bodies,  when  they 
reach  our  noftrils,  excite  the  fenfation  of  fmelling. 
Some  bodies  emit  thefe  moll  when  they  are  moift  s 
fome  only  when  they  are  warmed  or  heated.  From* 
all  fuch  bodies  innumerable  particles  flow,  which  ac- 
cording to  their  various  fize,  figure,  and  motion,  va- 
rioufly  affe£t  the  olfa£tory-nerve.  But  what  particu- 
lar motion,  fize  or  figure,  is  required  in  order  to  any 
particular  fmell,  who  is  able  to  explain  ? . 

Thefe  effluvia  indeed  are  inconceivably  fmall:  fo 
that  amber  and  divers  other  odorous  bodies,  emit  them 
for-  many  years,  without  any  difcernable  lofs,  either 
as  to  bulk  or  weight.  A 

Mr.  Boyle  fhews,  1,  That  the  number  of  particles 
thus  emitted,  is  exceeding  great.  2.  That  they  are 
of  a very  penetrating  nature.  3.  That  they  move  with 
vaft  fwiftnefs  and  in  all  dire&ions.  4.  That  there  is 
often  a wonderful  congruity  between  the  bulk  and  (hape~ 
of  thefe  effluvia  and  the  pores  of  the  bodies  they  pe- 
netrate, and  laftly,  that  they  may  excite  great  motions, 

* and  thereby  make  great  changes  In  organized  bo-  , 
~ dies.  ^ . . . / 

That  effluvia  are  emitted  to  a very  great  di  (lance  we 
learn  from  hence,  that  Wines  grow  turbid  in  the  hog£ 
head,  precifely  at  the  time  that  the  grapes  are  ripe  ini 
s the  country  whence  they  were  imported.  That  they 
are  very  penetrating  even  without  lofing  their  virtue 
we  have  a proof  from  the  loadftone,  wfflofe  effluvia 
pafs  through  the  mod  folid  bodies,  without  any  change 
of  their  force.  That  they  occafion  great  changes  in 
organized  bodies,  we  have  a remarkable  proof  in  a 
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cafe  lately  publifhed  by  Dr.  Healer,  “ Making  an 
afternoon^  vifit,  to  the  reverend  Mr.  Sentag,  he  receiv- 
ed me  in  an  apartment  where  there  were  thr^  or  four 
* flower-pots-  with  white  lillies.  1 afked  him,  if  he  did 
not  find  his  head  affedted*  when  he  continued  long  in  r 
the  room  where  they  were,  and  told  him,  phyficians 
thought  them  dangerous,  and  I myfeif  could  not  bear 
them.  I therefore  begged  the  window  might  be  opened, 
that  the  effluvia  might  be  difperfed.  . 

u He  ordered  the  window  to  be  opened,  and  replied. 
He  found  no  inconvenience  from  them,  being  a tall, 
ftrong,  healthy  man.  But  the  fmell  being,  ftill  too 
powerful  for  me,  I was  obliged  to  take  my  leave  of 
him  fooner  than  I intended. 

u The  night  following  he  was  feized  with  an  apo- 
plexy. Dr.  Bayer  and  myfeif  were  fent  for.  We  found 
him  with  his  eyes  wide  open,  but  without  fpeech,  fenfe 
or  motion.  I told  Dr.  Bayer  what  had  palled  {the  day 
before.  We  ordered  bleeding,  blitters,  and  ftrong 
fri&ion  of  the  foies  of  the  feet,  head,  and  hands,  with 
the  other  remedies  ufual  in  thofe  cafes : but  without 
fuccefs ; for  the  next  morning  he  began  to  rattle  in  the 
throat,  and  foon  after  died.” 

This  may  admonifli  thofe  to  whom  thele  odours  are  ’ 
not  fenfihly  prejudicial,  not  to  ftay  long  within  the 
fphere  of  their  adivity.  v.  ' / 

In  forne  places  effluvia  from  the  earth  produce  many 
efFedts  on  the  furface  pf  it.  The  bubbling  and  boiling 
fountains  in  England  and  other  countries  are  , chiefly 
occafioned  by  the  burfting  up  of  their  effluvia.  Our  - 
burning  well  in  Lanc#fhire  has  no  peculiar  property 
in  its  water:  but  an  inflammable  vapour  rifing  through 
it,  makes  it  boil  and  bubble  on  the  furface.  And  this 
vapour,  as  foon  as  fet  at  liberty  from  the  water  will 
take  flame  at  a lighted  candle. 

The  famous  boiling  fpring  near  Montpelier,  is  like- 
wife  no  other  than  common  water,  through  which  a 
vapour  of  the  fame  kind  makes  its  way.  Indeed  all  the 
fprings  thereabouts,  bubble  more  or  lefs  $ the  vapour 
making  its  way  through  the  whole  furface  of  the  earth. 
Water  taken  out  of  that  fpring  has  no  fuch  property, 
nor  any  peculiar  tafte  or  virtue.  What  is  a farther 
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proof  is,  the  cracks  of  the  earth  thereabouts,  all  per- 
fpire  ftrongly  a vapour  of  this  kind  : fo  that  if  ftraws 
be  laid  on  the  furface,  they  will  be  blown  up,  and  if 
a hole  be  any  where  dug  in  the  ground,  and  water 
poured  into  it,  it  will  boil  up  in  the  fame  manner  as 
the  fpring.  ' 

The  like  fort  of  fprings  are  common  in  Switzerland, ' 
and  fome  other  places.  Thefe  are  known  to  be  owing 
to  effluvia  from  beneath,  by  the  water  of  them  being 
cold.  But  th£re  are  others  - which  actually  boil,  and  * 
are  hot  enough  to  boil  an  egg.  Such  are  th'e  famous 
boiling  fountains,  of  Solfatara,  near  Naples. 

From  thefe  various  fprings  we  find  that  there  is 
much  variety  of  this  kind  of  exhalations : fome  being 
cold  and  dry  : fome  of  a bituminous  nature,  and  not 
actually  cold,  as  ours  in  Lancafhire  : fome  hot  as  thofe 
in  the'  fWeating  vaults  and  caverns,  and  in  the  moun- 
tains of  Italy.  Others  are  of  a poifonous  nature,  con- 
taining particles  of  arfenic,  or  other  poifonous  mine- 
rals. 

« ' • * 

\ - v.  '■  . v ( *.'•  . * V ‘ 

6.  Many  bodies  are  taftelefs.  But  fome  even  of 
thefe  may  contrail:  a very  ftrong  tafte  (as  do  feveral 
metals)  when  they  are  refolved  into  a fine  powder. 
Some  bodies  by  feveral  other  changes,  acquire  taftes, 
which  they  had  not  before,  or  varioufly  increafe,  leflen 
or  alter  their  tafte.  Hence  it  has  been  fuppofed,  that 
all  tjaftes  proceed  from  falts,  which  are  often  fo  enve- 
loped, that  they  cannot  exert  their  power.  But  if  the 
containing  bodies  are  diffolved  by  fire  or  liquors,  then 
they  varioufly  affeit  the  nerves  in  the  tongue  and  pa- 
late. And  hence  arife  all  the  various  fenfations  of, 
tafte.  But  what  particular  fize,  fhape  or  motion  of 
the  particles,  is  required  to  produce  any  particular  > 
tafte,  all  our  flail  cannot  determine. 

' _ , ;•  •'  : ) • ■ •••  ...  f . ' v.  i 

7.  Of  the  properties  which  we  perceive  by  feeling, 
the  chief  are  moiftnefs,  drynefs,  heat  and  cold.  There 
is  no  heat  without  fire,  or  at  leaft  fome  difpofition  of 
the  heated  body  to  take  fire.  If  the  particles  of  it, 
rapidly  agitated,  ftrike  againft  another  body,  they  tear 
and  diffolve  it : if  againft  the  body  of  a man,  the^fen- 
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fation  of  heat  arifes  inthe  mind.  Some  fuppofe,  cold 
confifls  in  the  reft  of  mofe  particles  which  were  fo  agi- 
tated before.  Otherr  think  this  would  not  fuffice  to 
produce  that  acute  pain  which  we  fometimes  feel  from 
told  : and  therefore  fuppofe  there  are  pofitive  frigorific 
particles  which  move  on  in  ftrait  lines,  and  fo  not  only 
deftroy  the  circular  motion  which  is  required  for  heat, 
"but  likewife  penetrate  the  body,  and  fharply  affeCt  the 
extremities  qf  the  nerves. 


8.  Gravity  and  levity- have  likewife  been  reckoned 
among  fenfible  qualities.  But  properly,  there  is  no 
fuch  a thing  as  levity,  for  all  bodies  tend  to  the  centre . 
of  the  earth,  though  fome  are  light  in  comparifon  of 
others.  The  laws  of  gravity  are,  1.  All  bodies  on 
the  earth,  tend  to  a point  which  is  (nearly  at  lea  ft)  the  ( 
centre  of  the  globe.  2.  In  all  places  equidiftant  from 
the  centre,  the  force  of  gravity  is  nearly  equal.  8. 
Gravity  equally  affeCts  all  bodies,  without  regard  ei- 
ther to  their  bulk  or  figure.  So  that  were  it  not  for 
the  refiftance  of  the  medium,  thegreateft  and  fmalieft 
bodies,  'the  moft  denfe,  and  the  moft  rare,  would  de- 
fcend  equal  fpaces  in  equal  times.  Thus  gold  andfea-  * 
thers  defcend  alike  in  an  exhaufted  receiver.  4.  'This 
power  increafes  as  we  defcend  to  the  centre,  and 
decreafes  ast  we  afcendx  from  its.  and  that  as  the 
fquares  of  the  diftances.  Thus  at  a double  diftance, 
things  have  but  a quarter  of  the  force.  - 5.  Thofe 
things  fwim  in  fluids,  which  are  fpecifically  (that  is, 
bulk  for  bulk)  lighter  than  thofe  fluids. 

This  gravitating  power  feems  to  be  congenial  to 
matter.  It  penetrates  even  to  the  centre  of  the  fun 
and  other  heavenly  bodies,  without  any  diminution  of 
of  its  virtue.  And  it  adts  not  according  to  the  fur- 
face  of  bodies,  as  mechanical  caufes  do,  but  according 
to  the  quantity  of  matter  they  contain.  That  it  is  an 
. original  law  of  nature,  immediately  imprefied  by  the 
Creator,  without  dependance  on  any  fecond  caufe  at 
all,  may  appear  from'  the  following  considerations. 
fU  Gravity  does  not  require  the  prefence  of  the  gra- 
vitating or  attracting  body.  2.  The  diftance  being 
the  fame,  the  velocity  wherewith  gravitating  bodies 
move,  depends  on  the  quantities  of  matter  ;in  the  at- 
tracting 
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trailing  body.  And  the  velocity  is  not  changed,  let 
the  mafs  of  the  gravitating  body  be  what  it  will.  3. 

If  gravity  depends  on' any  known  law  of  motion,  it  muft 
be  fome  impulfe  from  an  extraneous  body  : whence,  as 
gravity  is  continual,  a continual  ftrbke  muft  alfo  be 
required.  Now  if  there  be  any  fuch  matter  continu- 
ally ftriking  on  bodies,  it  muft  be  fubtle  enough  to  pe- 
' netrate  all  bodies.  But  how  Ihould  matter,  fubtle 
enough  to  penetrate  the  hardeft  bodies,  and  fo  rare  as 
not  fenfibly  to  hinder  the  motion  of  any,  be  able  to  im- 
pel fuch  vaft bodies  toward  each  other  with  fuch  force? 
How  does  this  force  increafe,  according  as  the  mafs  of 
that  body,  toward  which  any  body  moves  increafes  ? 
Whence  is  it,  that  all  bodies  at  the  fame  diftanee  from 
the  body  gravitated  to,  move  with  the  fame  velocity  ? 
And  how  can  matter,  which  only  adts  on  the  furface 
of  the  bodies  themfelves,  or  of  their  internal  particles, 
communicate  fuch  motion  as  in  all  bodies  fhall  exactly 
follow  the  proportion  of  the  quantity  of  matter  in 

them  ?,  , . ' - , • 

But  after  all  comes  Mr.,  Hutchinfon,  calls  Sir  Ifaac 
Newton  and  all  his  followers  fenfelefs,  unphilofophi- 
cal  blockheads,  and  to  folve  all  the  difficulty  in  a 
^moment,  fuppofes  the  fun  to  be  the  centre  of  the 
whole  univerfe,  and  to  project  light  every  way, 
through  every  point  of  fpace,  to  the  utmoft  circumfe- 
rence of  it.  When -this  light  arrives  at  the  circumfe- 
rence, it  is  condenfed  into  larger  mafles,  and  returns  in 
the  form  of  fpirit  or  air,  through  every  point  of  fpace 
to  the  fun.  There  it  is  again  comminuted  into  light , 
by  the  immenfe  fire,  and  fo  ilfues  out  again  to  the  cir- 
cumference. And  this  double  impulfe  of  light  moving 
outward,  and  fpirit  moving  inward,  caufes  the  motion 
of  all  the  heavenly  bodies,  both  round  their  own  axis 
and  round  the  fun.  But  to  wave  that  grols  abfurdity, 
of  fuppofing  every  point  of  fpace  to  be  continually 
filled  with  light,  and  every  point  of  it  to  be  filled  with 
fpirit  at  one. and  the  fame  time,  (which  is  flatly  impof- 
fible,  fince  both  are  material,  and  two  particles -of 
matter  cannot  co-exift  in  the  fame  fpace : how  does 
this  remove  the  difficulty  at  all  ? How  does  jt  help  us 
forward  a hair’s  breadth  i For  what  impels  light  out* 
- - , - . - ward, 
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ward,  or  fpirit  inward  ? It  can  be  no  mechanical 
power.  It  muft  then  be  the  finger  of  God.  And  if  fo,- 
what  have  we  gained  May  we  not  as  well  fay  at 
once,  (as  go  thus  round  about)  “ Gravitation  can  be 
no  otherwife  accountedfor,  than  by  allowing  the  direCt, 
immediate  power  of  God,  operating  through  the  whole 
univerfe.,;  - 

* ^ ' , * ' 

But  befide  the  attraction  of  gravity,  there  is  another 
, fpecies  of  attraction,  between  the  minute  particles 
whereof  bodies  are  compofed.'  Thefe  attract  each 
other  at  or  near  the  point  of  contact,  with  a force  much' 
fuperior  to  that  of  gravity.  It  is  by  this  attraction  of 
cohefion,  that,  the  atoms  or  infenfible  particles  of  bo- 
dies are  united  into  fenfible  mafles.  Hereby  number- 
lefs  phenomena  may  be  accounted  for,  which  are  other- 
, wife  inexplicable  : fuch  as  coagulation,  cryftallizaticn, 
and 'the  afeent  of  fluids  in  capillary  tubes.  Such  like- 
wife  are  fermentation, , animal  fecretion,  dnd  many 
others.  Thus  nature  will  be  found  very  Ample  and 
conformable  to  herleif,  performing  all  the  great  moti- 
ons of  the  heavenly  bodies,  by  the  attraction  of  gravi- 
ty between  thole  bodies,  and  almoft  all  the  motions  of 
their  feveral  parts,  by  this  attraction  diffuied  through 
every  particle.  Sir  Ifaac  thinks,  that  without  thefe 
two  principles  there  would  be  no  motion  in  the  world. 
And  without  the  continual  operation  of  them,  it  could 
not  long  continue,  confidering  the  vaft  and  conftant  di- 
minution of  motion  by  various  other  caufes. 

f.  > _•  V V 

Mr.  Hervey’s  obfervations  on  this  head,  are  ftrong 
. , and  beautiful. 

r , ~ - ,V.  , *'  ' - 

f ' \ ^ ■ f i • . *v 

“ The  fundamental  laws  of  our  modern  aftronomy 
are  projection  and  attraction : ■ one  the  all-combining 
cement,  the  other  the  ever-operative  fpring  of  the 
mighty  frame.  In  the  beginning  God  imprelfed  a 
proper  degree  of  motion  on  each  of  the  whirling  orbs. 
This,  if  not  controlled,  Would  have  carried  them  on  in 
firait  lines,  till  they  were  loft  in  the  abyfs  of  fpace. 
But  the  principle  of  gravitation  being  added  thereto, 
determined  their  courfe  to  a circular  form.  And  how 

v / | \ \ v • ' 
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• '•  neceffary  for  the  confervation  of  the  univerfe,  is  both 

the  one  and  the  other  ? Were  the  proje&ile  power  to 
i ceafe,  all  the  harmonioufly-moving  fpheres  would  fall 

into  the  central  fire.  Were  they  gravitating,  they  ^ 

would  exorbitate  into  wild  confufion,  or  by  their  rapid  . 
whirl  be  difiipated  into  atoms.  But  the  impulfive  and 
attra&ive  energy,  being  nicely  attempered  to  each  other, 
the  various  globes  perfevere  in  their  radiant  courfe, 
without  any  interruption  or  diminution.* 

<■  “ How  extenfive,  and  how  diverfified  is  the  forceof 

this  fingle  principle  of  attraction  ? ( Underftandirig  by 

the  word,  that  of  cohefion^  as  well  as  of  gravitation  ! ) 

It  penetrates  the  very  elfence  of  all  bodies,  and  diffufes 
itfelf  to  the  utmoft  limits  of  the  mundane  fyftem.  By 
this  all  tKofe  vaft  worlds  of  matter  hang  felf-balanced 
. , on  their  centres.  And  to  this  is  owing  an  effedt  of  a 

very  different  nature,  the  preffure  of  the  atmofphere, 
which  though  a yielding  and  expanfive  fluid,  yet  by 
virtue  of  an  attradling  energy  furrounds  the  whole 
globe  of  earth,  and  enclofes  every  creature  thereon,  as  » 
it  were  with  a tight  bandage  : an  expedient  abfolutely 
j neceflary  to  preferve  the  texture  of  our  bodies,  and  in- 

, deed  of  every  animal.  Urged  by  this,  the  rivers  circu- 
, late  with  a never-failing  current,  along  the  veins  of  the 
earth.  Impelled  by  the  fame  myfterious  force,  the 
nutritious  juices  are  detached  from  the  foil,  and  amend- 
ing the  trunks  of  trees,  find  their  way  through  millions 
of  the  fineft  meanders,  in  order  to  convey  vegetative 
: life  into  the  fmalleft  branches.  This  confines  the  ocean 

within  its  bounds.  Though  the.  waves  thereof  roar  , 

{ and  fwell,  yet  checked  by  this  curb,  they  are  unable 

to  pafs,  even  the  flighteft  barrier  of  fand.  To  this  the"  x 
mountains  owe  that  unfhaken  firmnefs,  which  laughs 
at  the  ihock  of  careering  winds.  By  virtue  of  this  in-  i 
vifible  mechanifm,  without  any  inftrument  of  human 

• device,  thoufands  of  tons  of  water  are  raifed  every  mo- 

• meat  into  the  regions  of  the  firmament.  By  this  they 

- continue  fufpended  .in  the  air,  without  any  cittern  to 

contain  them.  By  the  fame . varioufly-afting  power,  / 

I*  * ? f . • ) . f -•  ♦ * ' r’  ; ’ 

' '/*  All  this  is  spoken  on  the  Newtonian  Hypothesis. 

they 
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they  in  due  time  drop  down  again  in  gentle  falls  of 
dew,  or  are  precipitated  in  copious  fliowers  of  rain. 
They  Aide  down  in  fleecy  flights  of  fnow,  or  dart  in 
clattering  fhowers  of  hail.  iThis  occafions  the  ftrong 
cohefion  of  folid  bodies,  without  which  our  large  ma- 
chines would  be  utterly  ufelefs,  and  the  nicer  utenfils 
of  life  eiude  our  expe&ations  of  fervice.  In  fhort,  this 
is  the  ballaft  which  compofes  the  equilibrum,  and  con- 
ftitutes  the  ftability  of  things  : this  the  great  chain, 
which  forms  the  connexion  of  univerfal  nature,  and 
the  mighty  engine,  which  jn  good  meafure  accomplifh- 
\ es  almoft  all-her  operations.  What  complicated  effe&s 
from  a Angle  caufe" ! What  profufion  amidft  frugali- 
ty l” 

V / 

/ „ 

How  extremely  plaufible  is  all  this ! , And  what  pi- 
ty^ that  it  is  only  plaufible  ! But  it  is  really  no  more  } 
it  is  not  capable  of  any  fubftanttal  proof*  I mean, 
with  regard  to  the  motion  of  the  heavenly  bodies,  and 
the  caufes  of  that  motion. 

V % , 

I do  not  know  that  any  one  has  yet  given  a rational 
arifwer  to  Dr.  Rogers’  obfervations  on  that  head. . 
u The^adiion  of  thefe  two  powers  (gravitation  and  pro« 
jedtion  is  inadequate  to  fuch  a motion  : becaufe  in  or- 
der to  produce  it,  the  gravitating  force  muft  exactly 
balance  the  projectile.  But  were  this  done,  one  would 
deftroy  the  other.  This  will  appear  plain,  if  we  confi- 
der  the  nature  of  thefe  two  forces.  . Gravitation,  by 
which  the  earth  attracts, all  bodies,  is  at  all  times  uni- 
formly exerted  in  right  lines,  fnom  the  earth  to  the  bo- 
dy attradted,  and  a dts  equally  on  all  bodies  according 
to  their  denfities.  It  perpetual,  fubjedl  to  no  decay, 
needing  no  reparation.  But  projedtion  is  a motion  gi- 
ven to  the  body,  contrary  to  its  nature.  When  given, 
it  would  always  continue  in  a ftrait  line,  if  nothing 
hindered  it  ; but  cannot  remove  any  obftrudtion,  with-  . 
' out  lofing  part  of  its  own  force.  Now  the  obftrudHon  * 
given  by  attfadlion,  muft  have  the  fame  effect -as  ob- 
ftrudiion  given  by  air  or  ether : it  muft  continually 
leflen  any  projedtile  force,  till  that  force  is  totally  de- 
ltroyed> 

* ' - , ■ A mortar 
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A mortar  elevated  forty-five  degrees,  eje&s  a bomb 
at  firft  in  or  near  a right  line,  while  the  proje&ile  force 
is  vaftly  fuperior  to  the  attractive  ; afterwards  in  a 
curve  : for  the  moment  the  two  forces  are  in  equilibrio, 
in  a fegment  of  a circle  : then  in  a curve  lefs  and  lefs 
bent,  till  it  falls  in  a right  line  to  the  centre  of  gravita- 
tion. 1 ' - 

.*  * u 

* - ‘ * 1 # . — 

This  is  the  nature  of  all  projectiles : nor  can  any  pro* 

jeCtile,  thrown  in  any  direction,  by  any  force  of  attrac- 
tion,  produce  a circular  motion  : much  lefs  an  ellip-  < 
tical  one,  fuch  as  that  of  the  earth.  Befides,  what  phy- 
fical  reafon  can  be  affigned,  why  the  earth,  being  near- 
er the  fun  in  winter,  the  gravitating  force  does  not  in- 
creafe  ; and  why  the  projectile  does  not  increafe  in 
fuiftmer,  when  it  is  farther  from  the  fun,  to  the  entire 

deftruCtion  of  one  or  the  other  } 

* 4 * ^ \ \ 

A third  motion  alfo  is  fuppofed  to  be  primarily  im- 
prefled  on  the  earthy  namely,  rotlnd  its  own  axis,.  But 
nothing  can  be  more  plain,  than  that  a body  fo  ftrongly 
attracted  by  the  fun,  as  to  keep  it  from  flying  off  in  a tan* 
gent,  muft  have  its  circular  motion  prefently  ftopt : as 
the  fide  next  the  fun  muft  be  attracted  moft,  the  at- 
traction of  all  the  planets  co-operating  thereto. 

To  make  this  plain,  I hung  a loadftone  to  a fmall 
ftring,  and  gave  it  as  many  turns  as  would  continue  its 
revolving  motion  ten  minutes  and  a half,  when  no  iron 
was  near.  . But  on.  bringing  a piece  of  iron  near,  it 
flopped.  The-  iron  being  removed,  it  recommenced 
its  circular  motion,  which  lafted  for  a minute  more. 
Hence  it  is  evident,  that  did  not  fome  force  continual- 
ly aft  upon  the  earth,  to  keep  up  its  motions,  the  at- 
tractive power  of  the  fun  would  jo  on  flop,  at  leaft  the 
- diurnal  one. 

/ '•  v * 

The  friftion  likewife  of  the  ether  muft  be  confidera- 
. ble.  Elfe  why  might  not  the  earth  revolve  in  twenty- 
four  minutes  as  well  as  twenty-four  hours  ? Indeed 
this  feems  to  be  one  great  ufe  of  the  ether,  to  prevent 
the  too  rapid  motions  of  the  planets.  And  as  the  earth 

floats 
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floats  in  the  air,  fo  does  the  fun  in  the  ether,  his  proper 
atmofphere,  which  extends  to  the-,  utmoft  limits  of ^his 
fyftem,  and  is  the  medium  Funiculi  or  Harni,  by  which 
he  attracts  all  the  planets  and  comets,  and  prevents 
their  flying  cut  of  the  fyftem.  ' » . u * 

Neither  will  gravitation  at  all  account  for  the  mott- 
ticn  ct  comets.  That  in  1680  defeending  from  an  irn- 
menfe  height  perpendicularly  toward  the  fun,  rofe  from 
him  dgain  with  equal,  velocity.  Now  as  its  accefs  to, 
and  recefs  from  the  fun,  were  made  in  ftrgit  lines, 
while  they  were  making,  the  projectile  force  muft 
ceafe.  'But  to  ftep  any  projectile,  is  to  deftroy  its  mo- 
tion. How  came  it  thereto  be  fo  ftrongly  exerted  in 
the  perihelion  ? Was  there  a continued  miracle,  a 
frefh  projection  given?  Or  did  it  rebound  ? What, 
from  the  yielding  ether  ! 

Again.  This  comet,  during  half  its  circuit  round 
the  fun,  was  diftant  from  it  but  one  third  of  the  moon’s 
diftance  from  the  earth.  The  attractive  force  there- 
fore was  then  vaflly  increafed  ; and -the  projectile  be- 
ing deftroyed,  it  muft  have  impinged  on  the  fun  long 
ago,  had  there  been  no  other  force  to  prevent  it.  It' 
is  clear  then  upon  the  whole,  that  the  motions  of  the 
heavenly  bodies,  cannot  be  accounted  for,  by  attrac- 
tion and  projection.  ' . , * * 

• • \ *.  / ; 

. i 

How  then  can  they  be  accounted  for  ? Poflibly  thus. 
The  earth  being  an  oblate  fpheroid,  objected  to  the 
fun  in  an 'obliquity  of  66  degrees  30  minutes,  (the  fame 
which  given  to  the  fails  of  * a windmill,  occalions  its 
moft  forcible  converfion)  the  fun’s  rays  ftriking  againft 
the  oblique  hemifphere,  as  the  wind  againft  the  fails  of 
a windmill,  keep  it  off,  and  at  the  fame  time  make,  it 
turn  on  its  own  axis.  The  ether  being  a refilling  me- 
dium, and  the  atmofphere  (like  the  oars  of  a boat) 
ftriking  therein,  urges  it  into  a progreftive  motion* 
Mean  time  its  own  gravity  inclines  it  to  the  fun’s  cen- 
tre, and  of  courfe  keeps  it  in  equilibrio,  with  thC  re- 
pelling rays. 
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, It  is  fuppofed  likewife,  that  the  plane  of  the  earth’s 
orbit,  is  in  winter  in  or  near  the  fun’s  axis,  whence 
the  rays  are  not  fo  forcibly  emitted  ; for  which  caufe 
the  earth  muft  then  come  nearer,  the  repelling  force 
being  weaker.  But  in  fummer,  being  objected  to  the 
more  forcibly  repelling  rays,  it  muft  be  driven  to  a far- 
ther diftance  ; whence  its  annual  orbit  muft  become  el- 


lie  earth’s  diameter  being  known,  determines  its 
diftance  from  the  fun.  For  as  the  diameter  is  7967,  the 
periphery  25,031,  which  multiplied  by  the  number  of 
its  revolutions  36,5^5,  gives  for  its  orbit  9,142,572: 
and  as  it  moves  through  this  orbit  merely  by  the  im- 
pulfe  of  the  folarrays,  and  as  the  gravitating  force  muft 
neceffarily  be  equal  to  that  impelling  force  ; fo  while 
it  rolls  onward  one  mile,  it  is  attracted  another.  Con- 
fequently  the  preceding  orbit  being  doubled,  by  the 
gravitating  force,  make  in  all  18,285,  144%  The  femi- 
diameter  of  this  is  the  diftance  of  the  earth  from  the 
fun  : which  therefore  is  neither  more  nor  lefs  than 

2,910,364*  miles.  * " 

• . ■ • ■ • ■ 
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In  the  fame  manner  we  find  the  diftance  of  venus 
from  the  fun,  to  be  1,790,684  miles  : that  of  mars, 
5,473,690;  that  of  Jupiter,  34,520,432:  that  of  fa- 
turn,  85,727,320  : and  that  of  mercury,  700,758. 

And  as  thefe  diftances  are  far  lefs  than  thofe  affigned 
by  the  modern  aftronomers ; fo  is  the  magnitude  of  the 
heavenly  bodies  proportionably  lefs  than  they  fuppofe. 
For  inftance : the  diameter  of  the  fun,,  commonly  fup- 
pofed to  be  822,148  miles,'  is  according  to  this  man- 
ner of  calculating,  23,373  and  no,  more.  And  that 
this  is  nearly  the  true  diameter,  • and  thefe  the  true  dif-, 
tances,  appears  from  experiments  on  the  tranfits  of  the 
planets  Over  the  fun.” 

# 

The  comets,  Dr.  Rogers  thinks,  are  chiefly  defign- 
ed  to  repair  the  quantities  of  light  Continually  emitted 
by  the  fun, . and  which  are  fcattered  and  difperfed  over 
the  whole  fyftem.  Their  fweeping  tails,  which  extend 
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fo  many  thoufand  miles,  feem  adapted  to  fuch  a pur- 
pofe.  And  as  many  of  thofe  particles  of  light,  are  dri- 
ven to  a vail  diftance,  it  is  neceflary  they  fhould  go  to 
the  utmoft  limits  of  the  fyftem,  to  make  fuch  a collec- 
tion. 

Suppofe  a body  fit  for  this,  detached  from  the  neigh- 
bourhood of  the  fun,  it  fhould  be  light,  porous,  and 
fpongy.  And  fuch  a body  would  be  propelled  by  the 
violence  of  the  rays,  with  great  velocity  to  a great  ypf- 
tance.  The  farther  it  goes,  the  fewer  rays  ftrike  upon 
it,  and  their  force  likewife  is  diminifhed.  - The  comet 
then  flowly  fweeps  his  tail  over  the  wide  expanfe,  be- 
yond the  orbit  of  fatum.  There  its  cells  are  filled  with 
the  matter  it  was  fent  to  colled: ; but  becoming  heavier, 
the  other  fcale  begins  to  preponderate,  and  he  flowly 
returns  toward  his  centre.  His  colle&ion  increafes  as 
he  defcends,  which  adds  to  his  weight  and  fwiftnefs,  _ 
and  he  comes  down,  if  very  heavy,  almoft  in  a fifrait 
line  ; if  lefs  fo,  in  a larger  curve,  till  he  is  near  the  fun, 
•vvhere  having  emptied  himfelf,  and  being  evenly  ba- 
lanced with  the  repelling  rays,  he  moves  round  in  the 
fegment  of  a circle,  till  being  continually  lighter,  he  is 
no  longer  a balance  for  the  repelling  rays,  and  fo  is 
driven  forward  thereby,  and  runs  the  fame  circle  as 
before. 

1 ' 9 . \ 

- y S 

What  a violent  blow  is  here  given  to  the  whole  fa- 
bric of  modern  aftronomy  ! And  how  can  any  rea- 
sonable man  fubfcribe  thereto,  till  this  difficulty  is  re- 
moved ? v ' 

. 9.  There  is  no  need  to  fpeak  particularly  of  thofe 
other  qualities,  hardnefs,  foftnefs  ; firmnefs,  fluidity ; 
brittlenefs,  tougheefs  ; roughnefs,  fmoothnefs,  denfi- 
ty,  rarity  ; rigidity,  flexibility  ; compreffibility,  elaf- 
ticity.  What  each  of  thefe  is,  we  know  well,  without 
any  elaborate  definition.  And  in  general  we  know, 
that  they  all  arife  from  the  various  figure,  fituation 
and  texture  of  the  particles  whereof  bodies  confift.  But 
farther  than  this  we  know  not.  What  particular 
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ftiape,  texture,  or  fituation,  is  requifite  in  each  cafe,  is 
a matter  of  mere  conjecture. 

10.  Thofe  of  which  we  are  not  able  to  give  any  ra- 
tional account,  have  often  been  termed  occult  qualities. 
Among  thefe  is  ufually  ranked  that  fympathy,  which 
js  obferved  in  things  diftant  from  each  other.  So- oni- 
ons in  the  granary  fprout,  while-  others  fprout  in  the 
garden.  So  nothing  is  more  common,  than  that  ^ if 
you  throw  a mulberry  or  ftrawberry  at  a woman  with 
child,  the  child  has  the  mark  of  one  or  the  other,  on 
the  fame  part  which  was  ftruck  with  it.  And  thele 
marks  grow  green,  yellow  and  red  every  year,  juft  as 
thofe  fruits  do  in  the  garden.  And  when  the  feafon  of 
them  is  paft,  thefe  fubfide,  and  vanifli  away.  So  wo- 
men ftartl^d  by  a fudden  fight  of  the  moon,  have  ftamp- 
ed  the  figure  of  the  moon  on  their  children.  And  this 
figure  increafed  or  decreafed  juft  as  the  moon  did.  Op- 
pofite  to  this,  is  that  amazing  antipathy,  which  feme 
things  appear  to  have  naturally  for  each  other.  In- 
ftances  of  which  are  found,  not  only  in  men,  but  in 
animals,  if  not  in  plants  alfo. 

Before  we  attempt  to  accountfbr  any  of  thefe  things, 
we  Ihould  take  care  to  be  well  aflured  of  the  fa<ft.  For 
many  of  them  are  generally  believed  and  vehemently 
aflerted,  which  yet  never  had  any  being.  Hence  others 
run  into  the  oppofite  extreme,  roundly  denying  what- 
ever they  cannot  account  for.  The  middle  way  is  beft. 
Firft,  be  fure  of  the  faft.  Then,  try  if  it  can  be  ac- 
counted for  on  allowed  principles.  • And  if  it  can,  the  - 
qualities  in  queftion,  are  to  be  termed  occult  no  lon- 
ger. But  there  will  ftill  remain  many  fecrets  in  nature,  - 
which  we  are  in  no  wife  able  to  account  for.  Indeed 
to  penetrate  the  inmoft  receffes  of  nature,  is  above  the 
condition  of  humanity.  We  muft  therefore  neceflarily 
allow,  that  there  are  in  this  fenfe  many  occult  qualities  : 
nay,  we  are  furrounded  with  them  on  every  fide  : in- 
fomuch  that  there  is  fcarce  any  thing  in  the  univerfe, 
that  has  not  feme  qualities,  which  the  wifeft  man  on 
earth  is  not  able  to  account  fon 

41.  I have  now  finilhed  what  I propofed.  I have 
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given  as  fliort  and  plain  an  account  as  I could,  of  all 
that  is  certain  in  Natural  Philofophy  : in  order  to  di- 
red  the  whole  to  its  proper  end,  I have  now  only  to  add  ‘ 
s a few  refledions. 

If  we  caft  our  eyes  up  to  the  firmament,  let  us  feri- 
oufly  a {k  ourielves,  what  power  built  over  our  heads 
that  vaft  and  magnificent  arch,  and  fpread  out  the 
heavens  like  a curtain  ? Who  garnilhed  thefe  heavens 
with  fuch  a variety  of  refplendent  objeds,  all  floating 
t in  the  liquid  ether,  and  regular  in  their  motions  ? Who 
painted  the  clouds  with  fuch  variety  of  colours,  and  in 
fuch  diverfity  of  {hades  and  figures,  as  it  is  not  in  the 
power  of  the  fineft  pencil  on  earth  to  emulate  ? Who 
formed  the  fun  of  fuch  a determinate  fize,  and  placed 
it  at  fuch  a convenient  diftance,  as  not  to  fcorch  or  an- 
noy, but  to  cherifti  all  things  with  his  genial  heat  ? For 
a fucceffion  of  ages  he  never  failed  to 4 rife  at  his  ap- 
pointed time,  or  to  fend  out  the  dawn  as  his  forerun- 
ner, to  proclaim  his  approach.  By  whofe  fkilful  hand 
is  it  direded,  fin  its  diurnal  and  annual  courfe,  to  give 
us  the  grateful  viciflitude  of  night  and  day,  and  the  re*, 
gular  fucceffion  of  the  feafons  ? That  it  fliould  always 
proceed  in  the  fame  path,  and  never  once  ftep  afide ; 
that  it  fliould  go  on,  in  a fpace  where  there  is  nothing’ , 
to  obftrud,  but  turn  at  a determinate  point ; that  the 
moon  fliould  fupply  the  abfence  of  the  fun,  and  remove 
the  horror  of  the  night  ; that  it  fliould  regulate  the 
flux  and  reflux  of  the  fea,  thereby  preferving  the  wa* 
ters  from  putrefadion,  andat  the  fame  time  accommo-* 
dating  mankind  with  To  manifold  conveniences,  that  all 
the  innumerable  hofts  of  heaven,  fliould  perform  their 
revolutions  with  fuch  exadnefs,  as  never  once  to  fail, 
in  a courfe  of  fix  thoufand  years,  but  conftantly  to 
come  about  in  the  fame  round  to  the  hundredth  part  of 
. a minute : this  is  fuch  an  inconteftable  proof  of  a Di- 
vine Archited,  and  of  the  care  and  wifdom  wherewith 
he  governs  the  Univerfe,  as  made  the  Roman  philofopher 
conclude,  “ Whoever  imagines,  that  the  wonderful  or- 
der and  incredible  conftancy  of  the  heavenly  bodies  and 
their  motions,  whereon  the  welfare  and  prefervatibn  of 
things  depend/, are  not  governed  by  an  intelligent  being, 
is  himfelf  deftitute  of  underltanding.  For  fliall  we, 

when 
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when  we  fee  an  artfully  contrived  engine,  fuppofe  a di- 
al or  fphere,  immediately  acknowledge  that  it  isthere- 
ftilt  of  reafon  and  undei  Handing  : and  yet,  when  we 
behold  the  heavens,  fo  admirably  contrived,  moved 
with  fuch  incredible  velocity,  and  finifhing  their  anni- 
verfary  revolutions,  with  fuch  unerring  conftancy, 
make  any  doubt  of  their  being  the  work,  not  only  of 
reafon,  but  of  an  excellent,  a divine  reafon  ?” 

But  if  from  that  very  imperfed  knowledge  of  agro- 
nomy which  his  time  afforded,  even  the  heathen  could 
be  fo  confident,  that  the  heavenly  bodies  were  framed 
and  moved  by  a wife  and  under  Handing  mind : what 
would  he  have  faid,  had  he  been  acquainted  with  our 
modern  difcoveries  ? Had  he  known  the  immenfe 
greatnefsof  that  part  of  the  world,  which  falls  under 
our  obfervation  ? The  exquifite  regulation  of  the  mo- 
tions of  the  planets,  without  any  deviation  or  confu- 
fion : the  inexpreffible  nicety  of  adjuftment,  in  the  ve- 
locity of  the  earth’s  annual  motion ; the  wonderful 
proportion  of  its  diurnal  motion  about  its  own  axis; 
the  denfities  of  the  planets,  exa&ly  proportioned  to 
their  diftances  from  the  fun:  the  admirable  order  of 
the  feveral  fatellites,  which  move  round  their  refpec- 
tive  planets;  the  motion  of  the  comets  equally  regu- ' 
lar  and  periodical,  with  that  of  the  other  planetary 
bodies ; and  laftly,  the  prefervation  of  the  feveral  planets 
and  comets,  from  falling  upon,  or  interfering  with  each 
other  ? Certainly  could  argument  avail,  atheifm  would 
now  be  utterly  afiiamed  to  fliew  its  head,  and  forced  to 
acknowledge,  that  it  was  an  Eternal  and  Almighty  be- 
ing, it  was  God  alone,  who  gave  to  each  of  the  celef- 
tial  bodies,  its  proper  magnitude  and  meafure  of  heat, 
its  duenefs  of  difiance,  and  regularity  of  motion:  or 
in  the  language  of  the  prophet,  who  “ eftablifhed  the 
world  by  his  wifdom,  and  ftretched  out  the  heavens  by 
his  underftanding.” 

If  from  the  firmament  we  defcend  to  the  orb  on 
which  we  dwell,  what  a glorious  proof  have  we  of  the 
Divine  Wifdom,  in  this  intermediate  expanfion  of  the 
air,  which  is  fo  wonderfully  contrived,  to  anfwer  lo 
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many  important  ends  at  once?  It  receives  a»d*fupport* 
clouds,  to  water  the  earth.  It  affords  us  winds,  for 
health,  for  pleafure,  for  a thoufand  conv.eniencies : bjr 
itr  fpring,  it  itiinifters  to  the  Tefpiration  of  animals, 
by  its  motion  to  the  conveyance  of  founds,  and  by 
its*  tranfparency,  to  the  tranfmiffion  of  light,  ,fr on* 

©tie  end  of  heaven  to  the  other.  Whofe  power  made 
fo  thin  and  fluid  an  element,  a fafe  repofitory  for  thun- 
der and  lightning  ? By  whofe  command,  and  out  of 
whofe  treasuries,  are.thefe  dreadful,  yet  ufeful  mete- 
ors fent  forth,  to  purefy  the  air,  which  would  other* 
wife  ffagnate,  and  confume  the  vapours  that  would 
otherwife  breed  various  difeafes  ? By  what  (kilful  hand 
are  thofe  immenfe  quantities  of  water,  which  are  conT- 
ffaually  drawn  from  the  fea,  by  a natural  di {filiation 
made  frefh,  fent  forth  upon  the  wings  of  the  wind, 
into  the  moll  diftant  countries,  and  diflributed  in 
fhowers  over  the  face  of  the  earth? 

Whofe  power  and  wifdom  was  it  that  hanged  the 
earth  upon  nothing,  and  gave  it  a fpherical  figure,  the 
mod  commodious  which  could  be  deviled,  both  for 
the  confiftency  of  its  parts,  and  the  velocity  of  its  mo- 
tion ? Who  was  it  that  weighed  the  mountains  in  fcales, 
and  the  hills  in  a balance,  and  difpofed  them  in  their 
mod  proper  places,  both  for  fruitfolnefs  and  health  ? 
Who  diverfified  the  climates  of  the  earth,  into  fuch  an 
agreeable  variety,  that,  remote  as  they  arc  from  each 
other,  each  has  its  proper  feafons,  day  and  night,  win- 
ter and  fummer?  Who  was  it  that  clothed  the  face  of 
it  with  plants  and  flowers,  fo  exquifitely  adorned  with 
various  and  inimitable  beauties  ? That  placed  the  plant 
in  the  feed,  in  fuch  elegant  complications,  as  afford  at 
once  both  a plealing  and  an  aftonilhing  fpe&acle? 
That*  painted  and  perfumed  the  flowers,  that  gave 
them  the  fweet  odours  which  they  diffufe  through  the 
air  for  our  delight,  and  with  one  and  the  fame  water 
dyed  them  Into  different  colours,  furpaffing  the  imi- 
tation, nay,  and  the  comprehenfion  of  mankind  ? For  - 
can  the  wiieft  of  men  tell, 

« Why  does  one  climate  and  one  foil  endue 
The  bluflring  poppy  with  a crimfon  hue,  / " 

Yet  leave  the  lilly  pale,  and  tinge  the  violet  blue.” 
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Who  replenifhed  the  earth,  the  water,  the  air  with 
fuch  an  infinite  variety  of  living  creatures,  and  fo 
formed,  that  of  the  innumerable  particulars  wherein 
each  creature  differs  from  all  others,  every  one  is  found 
upon  examination,  to  have  its  fmgul^r  beauty  and  pe- 
culiar ufe.  Some  walk,  fotne  creep,  feme  fly,  fomt 
fwim.  But  every  one  has  all  its  members  and  its  va- 
rious organs,  accurately  fitted  for  its  peculiar  motion^ 
In  fhort,  the  ftateiinefs  of  the  horfe,  and  the  feathers 
of  the  fwan,  the  largenefs  of  the  elephant,  and  the 
fmallriefs  of  the  mite,  are  to  a confiderate  mind  equal* 
demonftration  of  an  infinite  wifdom  and  power.  Nay, 
rather  the  fmaller  the  creature  is,  the  more  amazing 
is  the  workmanftiip*  When  in  the  mite,  for  inftance, 
we  fee  a head,  a body,  legs  and  feet,  all  as  well  pro-  ‘ 
portioned  as  thofe  of  an  elephant,  and  oonfider  withal 
that  in  every  part  of  this  living  atom,  there  are 
cles,  nerves,  veins,  arteries,'  and  blood,  every  parti- 
cle of  which  blood  is -compofed  of  various  other  paiv 
tides:  when  we  conftder  all  this,  can  we  help  being  • 
loft  in  wonder  and  aftonifhment  ? Can  we  refrain  from 
crying  out,  on  this  account  alfo,  “ O the  depth  of  the 
riches  both  of  the  wifdom,  and  knowledge  of  God  I 
How  unfearchable  are  his  works,  and  his  ways  of  crea- 
tion and  providence  paft  finding  out!”  * 

Natural*  inftin&  is  another  thing  in  animals,  no  lefs 
wonderful  than  their  frame : and  is  indeed  nothing  elfe 
than  the  dire&ion  of  an  all-wife  and  all-powerful  mind. 
What  elfe  teaches  birds  to  build  their  nefts,  hard  or ; 
foft,  according  to  the  conftitution  of  their  young  ? 
What  elfe  makes  them  keep  fo  conftantly  in  their  neftf 
during  the  time  of  incubation,  as  if  they  knew  the  effi- 
cacy of  their  own  warmth,  and  its  aptnefs  for  anima- 
tion ? What  elfe  caufes  the  falmon  every  year  to  come 
up  a river,  perhaps  hundreds  of  miles,  to  caft  its  fpawn, 

- and  fecure  it  in  banks  of  fand,  till  the  young  ones  are 
excluded  ? To  go  no  farther,  can  we  behold  the  Ri- 
ders net,  the  iilk  worms  web,  the  bees  cells,  or 
the  ants  granaries,  without  being  forced  to  acknow-  ‘ 
ledge  the  infinite  wifdom,  which  dire&s  their  unerring 
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fteps,  and  has  made  them  fit  to  he  an  emblem  of  art, 
induftry  and  frugality  to  mankind  ? 

. " ■*  • * * / t * ** 

^ - * **»  * 

If  from  the  earth  and  the  creatures  that  Kve  upon 
it,  we  caft  our  eyes  upon  the  water,  we  foon  perceive 
that  had  it  been  more  or  lefs  rarefied,  it  had  not  been 
lb  proper  for  the  afe  of  man.  And  who  gave  it  that 
juft  configuration  of  parts  and  exadt  degree  of  motion, 
which  makes  it  fo  fluent,  and  yet  fo  ftrongas  to  carry, 
,and  waft  away  the  moft  enormous  burdens  ? Who  has 
inftrudfed  the  rivers  to  run  in  fo  many  winding  dreams, 
through  vaft  tradls  of  land,  in  order  to  water  them 
•the  more  plentifully  ? Then  to  difembogue  themfelves 
into  the  ocean,  fo  making  it  the  common  centre  of- 
commerce : and  hence  to  return  through  the  earth  and 
air,  to  their  fountain  heads,  in  one  perpetual  circular 
.lion  ? Who  repleniflied  thefe  rivers  with  fifh  of  all 
hinds,  which  glide  through  the  limpid  ftreams,  and 
run  heedlefely  mto  the  fimer’s  net,  for  the  entertain- 
ment of  men?  The  great  and  wide  fea  is  a very  awful 
and  ftupendous  work  of  God,  Whofe  hand  makes  it 
ebb  and  flow  with  fitch  exadknefs  ? A little  more  or  left 
motion,  in  the  fluid  mafs,  would  difbrder  all  nature, 
and  a fmall  inpreafe  of  tide,  aright  ruin  whole  king- 
doms. Who  then  was  fo  wife  as  to  take  ejeadk  meai- 
fures  of  thofe  immenfe  bodies,  and  who  fo  ftrong  as 
to  fide  at  pleafuve  the  rage  of  that  furious  dement?  “ He 
who  hath  placed  the  fand  for  the  bound  of  thefe,  by  a 
perpetual  decree  that  it  cannot  pafs,,  So  that  though  the 
■waves  thereof  tofs  themfelves,  - they  cannot  prevail, 
.though  they  roar,  they  cannot  pafs  over  it,” 

If  from  the  world  itfelf  we  turn  our  eyes  more  par- 
ticularly on  man,  whom  i.t  hath  pleafed  the  Lord  of 
all  to  appoint  for  its  principal  inhabitant,  no  under- 
ftanding  furely  can  be  fo  low,  no  heart  fo  ftupid  and 
iplenfible,  as  not  plainly  to  fee,  that  nothing  but  in- 
finite wifdom,  could  in  fo  wonderful  a manner  have  fa- 
fhioned  his  body,  and  breathed  into  it  a reafonable 
foul,  whereby  he  “ teacheth  us  more  than  the  beafts 
of  the  field,  and  maketh  us  wifer  than  the  fowls  of 
heaven.’?-  - , 
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Should  any  of  us  fee  a lump  of  clay  rife  immediafeljr1 
from  the  ground,  into  the  complete  figure  of  a man* 
full  of  beauty  and  fymmetry,-  and  endowed  with’ all 
the  powers  and  faculties,  which  we  perceive  hi  ottr«' 
felves,  yea,  and  that  in  * more  eminent  degree  of  per- 
fection, than'  any  of  the  prelent  children  of  ittenr' 
ihould  we  prefently  after  oMerve  him  perform  ail  the 
offices  of  fife,  fenfe  and  reafon  s-  move  as  gracefully,- 
talk  as  eloquently,  reafbnr  as  juftly*  and  difeharge  everj^' 
branch  of  duty,  with  as  much  accuracy  as  the  moft 
accomplished  man  breathing,  how  great  tttuft  be  our 
aftonilhment ! Now  this  was  the  very  cafe  in  that  mo- 
ment when  God  created  man  upon  the  earth*- 

But  to  imprefs  this  in  a mote  lively  maimer  upon 
the  mind,  let  us  fhppofe  the  figure  above  mentioned, 
rifes  by  degrees-,  and  is  finifhted  part  by  part  in  fome 
fucceffion  of  time.  When  the  whole  is  completed,  the 
veins  and  arteries  bored,  the  Sinews  and1  tendons  laid, 
the  joints  fitted',  the  blood  and  juices  lodged  in-the  vel- 
fels  prepared  for  them*  God  infufes  into  it  a vital  prin- 
ciple. The  image  moves,- it  walks,  it  fpeaks-.  Were 
we  to  fee  aH  this  tranfaded  before  eur  oyes,  we  could 
not  but  be  aftonifhed!  A confideration  of  this  made 
David  break  out  into  that  rapturous  acknowledgement, 

*<  I will  give  thee  thanks  for  I am  fearfully  and  won- 
derfully made  1 Marvellous  are  thy  works,  and  that 
my  foul  knoweth  right  well.  Thine  eyes  did  fee  my 
fubftance  yet  being  imperfect,  and  in  thy  book  were 
all  my  members’  written.”' 

Thus  which  way  foever  we  turn  our  eyes,  whether  ■ 
we  look  upward  or  downward,  without-  us,  or  within 
us,  upon  the  animate  or  inanimate  parts-  of  the  crea- 
tion, we  find  abundant  reafon  to  fay,  “ 0'  Lord,  how 
manifold  are  thy  works  1 In  wifdom  haft  tliou  made 
them  all.”  - 

f . » ■ : . 

Let  us  obferve  a little  farther  the  terraqueous  globe. 
How  admirably  are  all - things  thereon  chained  toge- 
ther, that  they  may  all  aim  at  the  ultimate  ead,  which 
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God  propofed  in  all  his  words!  And  how  vaft  a num- 
ber ot  intermediate  ends  are  fubfervient  to  this  ! To 
perpetuate  the  eftabliftied  courfe  of  nature,  in  a con- 
in  ued  feries,  the  Divine  Wifdom  has  thought  fit,  that 
all  living  creatures  fiiould  conftantly  be  employed  in 
producing  individuals ; that  all  natural  things  fliould 
lend  a helping  hand,  toward  preferving  every  fpecies. 


and  laftly,  that  the  deftru&ion  of  one  thing  (hould  al- 
ways conduce  to  the  produ&ion  of  another. 

This  globe  contains  what  are  called  the  three  king- 
doms of  nature,  the  foftile,  vegetable,  and  animal. 
The  foffile  conftitutes  the  cruft  of  the  earth,  lying  be- 
neath the  vifible  furface.  The  vegetable  adorns  the 
face  of  the  globe,  and  draws  much  of  its  nouriftiment 
from  the  folfile  kingdom.  The  animal  is  almoft  wholly 
fuftainedby  the  vegetable  kingdom.  If  we  go  deeper 
into  the  earth,  the  rule  which  generally  obtains  with  re- 
gard to  die  ftrata  thereof . is  this.  The  upper  parts 
cnnfift  of  rag-ftcme,  the  next  of  flate,  die  thifd  of 
marble  filled  with  petrefa&ions,  the  fourth  of  flate 
again,  and  laftly,  the  loweft  which  we  are  able  to  dif- 
cnver,  of  free  Hone.  V 

- - . ' * \ ‘ V 

, ^ " T 

That  the  fea  once  overfpread  a far  greater  part  of 
the  earth,  than  it  does  at  prefent,  we  Team  not  only 
from  geographers,  but  from  its  yearly  decreafe,  ob- 
fervable  in  many  places : partly  occafioned  by  the  vaft. 
quantities  of  ihells  and  all  kinds  of  rubbifh,  which  the 
tides  continually  leave  on  the  ihores.  Hence  moft 
ihores  are  ufually  full  of  wreck,  of  dead,  teftaceous 
animals,  of  ftones,  dirt  or  fand  of  various  kinds,  and 
heaps  of  other  things.  Rivers  likewife,  efpecially 
thole  which  have  a rapid  dream,  wear  away  whatever 
they  touch,  particularly  foft  and  friable  earth,  which 
they  carry  and  depofit  on  diftant,  winding  ihores : 
whence  it  is  certain  the  fea  continually  fubfides,  and 
the  land  gains  no  fmall  increafe. 

Water  retained  in  low  grounds  occasions  marlhes. 
But  what  a wonderful  provifion  has  nature  made,  that 
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marry  of  thefe  even  without  tile  help  of  tfi an*  IfeW 
again  become  firm*  ground?  More  and  more  toofTy 
tumps  are  feen  therein*  Some  of  thefe  are  brought 
down  by  the  Water,  fro  to  the  higher  grounds  adjoin** 
mg,  and  others  are  produced  by  putrifying  plants* 
Thus  the  marfh  is  dried  up,  and-  new  meadows  arife. 
And  this  is  done  kv  a lhorter  time,  whenever  the  fpha- 
gutfm,  a kind  of  mofs,  has  laid  the  foundation.^  For 
tiiis  in  procefs  of  time,  changes  into  a porous  kind  of 
mold,  till*  almoft  all  the  marfh  is  filled  with  it.  After 
this  the  rufli  begins  to  ftrike  root,  and  together  with 
rile  cotton-grafs*  coiiftitutes  a turf,  wherein  the  roots 
get  continually  higher,  and  thus  lay  a firm  founda- 
tion for  other  plants,  till  the  whole  marfh  is  covered 
with  herbs  and  grafs*  and  becomes  a pleafant  and  fruits 
ful  meadow. 

♦ ' 5\:H.  , • . - - :% 

* I -{hall  add  only  one  reflexion  more,  with  regard  to 
the  fcaie  of  beings.  As  the  microfeope  difeovers  aU 
moft  every  drop- of  water,  every  blade  of  grafs,  every 
leaf,  flower,  and  grain  of  earth,  to  be  fwarming  with 
inhabitants:  a thinking  mind  is  naturally  led  to  Con- 
fider  that  part  of  the  fcafe  of  beings,  which  defcenuS- 
lower  and  lower,  from*  himfelf,  to  the  lowed  of  all 
fenfkive  Creatures;  Among'  thefe  feme  are  fo  little 
above  dead  matter,  that  it  is  hard  to  determine  whe- 
ther they  live  or  no.  Others  that  are  lifted  one  ffepx 
higher*,  have  no  fenfe  befvde  feeling  andtafte.  Some 
again  have  the  additional  one  of  hearing:  others  of 
foie  11,  andrOtber^df  fight* 

; • : ' • •'  ' -V  ' ' • 9 . t ' 

. It  is  wonderful  to  obferve,  by  what  a gradual  pro- 
greflion  the  world  of  life  advances,  through  an  im* 
menfe  variety  of  fpecies,  before  a creature  is  found*, 
that  is  complete  in  all  its  fenfes.  And  among  theie 
there  are  fo  many  different  degrees  of  perfection  in 
the  fenfes  which  one  animal  enjoys  above  another, 

* that  though ‘each  fenfe  in  different  animals,  comes  un- 
der the  fame  common  denomination,  yet  it  feems  al- 
moft  of  a different  nature.  If  after  this,  we  atten- 
tively confider,  the  inward'  endowments  of  animals* 
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rtieir  conning  and  iagacity,  and  what  we  ufually  com*# 
prehend  under  the  general  name  of  inftin&,  we  find 
them  riling  one  above  another,  in  the  fame  imper- 
ceptible manner,  and  receiving  higher  and  higher  im- 
provements, according  to  the  fpecies  in  which  they 
are  implanted. 

The  whole  progrefs  of  nature  is  fo  gradual,  that 
t^e  entire  chafm  from  a plant  to  man,  is  filled  up  with 
divers  kinds  of  creatures,  riling  one  above  another, 
by  fo  gentle  an  afcent,  that  the  tranfitions  from  one 
fpecies  to  another,  are  almoft  infenfible.  And  the 
intermediate  fpace  is  fo  well  hulbanded,  that  there  is 
fcarce  a degree  of  perfe&ion  which  does  not  appear 
in  fome.  Now  lince  the  fcale  of  being  advances  bv 
fuch  regular  fteps  as  high  as  man,  is  it  not  probable, 
that  it  full  proceeds  gradually  upwards,  through  be- 
ings of  a fuperior  nature  ? As  there  is  an  infinitely 
greater  fpace  between  the  Supreme  Being  and  man, 
than  between  man  and  the  loweft  infeCh 

This  thought  is  thus  enlarged  upon  by  Mr.  Locke# 
M That  there  Ihould  be  more  fpecies  of  intelligent 
creatures  above  us,  than  there  are  of  fenlible  and  ma- 
terial below  us,  fs  probable  from  hence,  that  in  all  the 
vilible  and  corporeal  world,  we  fee  no  chafm,  no  gaps. 
All  quite  down  from  man,  the  defcent  is  by  eafy  fteps  : 

_ there  is  a continued  leries  of  things  that  in  each  re- 
move differ  the  leaft  that  can,  be  conceived  from  each 
other.  There  are  fifties  that  have  wings,  and  are  not 
ftrangers  to  the  airy  regions.  And  there  • are  birds 
^which  are  inhabitants  or  the  waters,  whole  blood  is 
as  cold  as  that  of  fifties.  There  are  animals  fo 
pear  a-kin  both  to  birds  and  beafts,  that  they  are  in 
the  middle,  between  both.  Amphibious  animals  link 
the  terreftrial  and  aquatic  together.  Seals  live  either 
on  land  or  in  the  lea.  Porpufles  have  the  warm  blood 
and  entrails  of  a hog.  There  are  brutes  that  leem  to 
have  as  much  kwowledge  and  reafon,  as  fome  that  are 
called  men.  Again : the  animal  and  vegetable  king- 
doms are  fo  clofely  joined,  that  between  the  lowed  _pf 
the  one,  and  the  higheft  of  the  otlfcr,  there  is  fcarce 
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any  perceptible  difference.  And  if  we  go  on,  till  we 
come  to  the  lowed  and  mod  inorganical  parts  of  mat~ 
ter,  we  fhall  find  every  where,  that  the  feveral  fpecies 
are  linked  together,  and  differ  in  almoft  infenfible  de- 
grees. 

“ Now  when  we  confider  on  the  other  hand,  the 
infinite  power  and  wifdom  of  the  Creator,  does  it  not 
appear  highly  fui table  to  the  magnificent  harmony  of 
the  univerfe,  and  the  infinite  goodnefs  of  the  architect, 
that  the  fpecies  of  creatures  fhould  alfo  by  gentle  de- 
grees afcend  upwards  from  us,  (as  they  gradually 
defcend  from  us.  downwards  ) toward  his  infinite  perfec- 
tion ? And  if  fe,  is  k not  probable,  there  are  far  more 
fpecies  of  creatures  above  than  beneath  us  ? Since  we 
are  infinitely  more  remote  from  the  all-perfeft  Creator, 
than  from  the  lowed  of  all  the  works  of  his  hands  f 

u But  here  our  thoughts  are  loft.  We  may  con- 
jecture a little  y but  we  know  nothing.  However,  it 
is  enough,  that  we  know  the  only  true  God,  and  Jefus- 
Chrift  whom  he  hath  fent.?* 

This  reflection  upon  the  fcale  of  beings,  fs  pnrfued 
at  large,  by  one  of  the  fineft  writers  of  the  age,  Mr- 
Bonnet  of  Geneva,  in  that  beautiful  work,  “ The 
Contemplation  of  Nature.”  When  I firft  read  this, 
Idefignedto  make  only  fome  extracts  from  it,  to  be 
inferted  under  their  proper  heads.  But  upon  farther 
confideration,  I judged  it  would  be  mere  agreeable, 
as  well  as  profitable  to  the  reader,  to  give  an  abridg- 
ment of . the-  whole,  that  the  admirable  chain  of  rea- 
foning  may  be  preferred,  and  the  adorable  wifdom 
and  goodnefs  of  the  great  Author  of  nature,  placed 
i».  the  ftrongeft  light-  - ... 
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INTRODUCTION. 


I RAISE  myself  up  to  the  Eternal  Reason; 
I study  his  laws,  ai\d  I adore  him.  I con- 
template  the  universe  with  a philosophic  eye. 
I search  into  the  relations  which  by  this  im- 
mense  chain  constitute  one  whole.  I stop  a 
while  to  examine  some  links  of  it,  and,  struck 
with  those  marks  of  power,  wisdom,  and 
goodness  which  I discover  therein,  I faintly 
attempt  their  description. 
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CHAP.  L 
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Of  the  First  Cause . 

/ V < % 

Ir  r | *0  be  felf-exiftent,  endued  with  Almighty  povr— 
I er,  and  to  will  with  Infinite  wifdom,  are  the 
adorable  perfe&ions  of  the  firfl  caufe. 

The  univerfe  is  undoubtedly  derived  from  this  caufe.- 
In  vain  do  we  endeavour  by  other  means  to  account  for 
it.  We  may  every  where  obferve  order  and  ends  \ the* 
effedts  of  aneternal  felf-exiftent  reafom 

r->  ' •V  ‘ 

2.  What  mind  can  fathom?  the  depths  of  tins  abyf$? 
What  thought  can  comprehend  that  power  which  calls- 
things  that  are  not  as  though  they  were  ? God  com- 
mands the  univerfe  to-be  the  univerfe  is inftantly  pro- 
duced. 

A Angle  aft  of  his  will  produced- the  univerfe  ; • the. 
fame  aft  preferves  it. 

But  youaflc,  why  is  not  man  asperfeftas-anangel  ? 
You  mean  to  fay,  no  doubt,  why  is  not  man  an  angel?' 
You  may  as  well  inquire,  why  a ftag  is  not  a man  ? 
But  the-  exiftence-of  a ftag  fuppofes  that  of  herbs  to 
nourilh  him;  Would- youftill  further  have -had  thefe 
herbs  to  have  been  fo  many  men  ? Their  prefervation 
and  increafe  would  have  depended  on  the  earth,  the 
water,  the  air,:  and  the  fire  : would  you  , prefume  to- 
infift  in  your  inquiry,  .why  the  conftituent  parts  of 
thefe  elements  were  not  lb  many  d warfs  ? 

. Confefs  your  error, . and  acknowledge  that  every  be- 
ing is  endued  with  a- perfection  fuited  to  the  ends  of  its 
creation*  It  would  ceafe  to  anfwer  that  end;  the  ve-r 
ry  moment  it  ceafed  to  be  what  it  is.  By  changing  its? 
nature,  it  would  change  its  place,  and  that  which  it 
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occupied  in  the.  unlverfal  hierarchy  ought  ftiH  to  be  the 
refidence  of  a being  refembling  iv  other  wife  harmony 
would  be  deftroyed. 

In  the  aflemblage  of  all  the  orders  of  relative  perfec- 
tions, confift  the  abfolute  perfection  of  this  whole,  con- 
cerning which  God  faid,  that  it  was  good. 

This  immenfe  fyftem  of  co-exiftent  and  fuceeffive  be- 
ings, is  no  lefs  one  in  fucceffion  than  in  co-ordination  : 
fince  the  firft  link  is  connected  with  the  la  ft  by  the  in- 
termediate ones.  Prefent  events  make  way  for  the  mod 
diftant  ones.  The  germ  which  expanded  itfelf  in  Sa- 
rah’s womb,  was  the  preparatory  caufe  of  the  exiftence 
of  a great  people  and  the  falvation  of  nations. 

S.  The  heavens  declare  the  glory  of  God,  and  the 
firmament  fheweth  his  handy-work.  That  fublime  ge- 
nius, who  exprefled  himfelf  with  fuch  loftinefs  of  fenti- 
ment,  was  neverthelefs  unapprized  that  the  ftars  which 
he  contemplated  were  in  reality  funs.*  He  anticipat- 
ed the  times,  and  firft  fung  that  majeftic  hymn,  which 
future  and  more  enlightened  ages  fhould  chaunt  forth 
to  the  praife  of  the  founder  of  worlds. 

■»  ■'*:-.  ' ✓ 

This  aflemblaige  of  vaft  bodies  is  divided  into  diffe- 
rent fyftems,  the  number  of  which  perhaps  exceeds  the 
grains  of  land,  which  the  fea  cafts  on  its  ihores. 

v ••••’•  ....  ' 

Each  fyftem  then  has  its  centre,  either  a ftar  or  fun, 
which  ihmes  with  its  own  light,  and  round  which  re- 
volve various  orders  of  opake  globes,  that  refled  with 
greater  or  lefs  luftre  the  light  they  borrow  from  it, 
which  renders  them  vifible  to  us, 

Thefe  globes  which  feem  to  wander  among  the  hea- 
venly bodies,  are  thofe  planets,  the  principal  of  which 
have  the  fun  for  the  common  centre  of  their  periodica! 
revolutions  ; whilft  the  others,  which  are  called  fecon- 
diry  move  round  one  principal  planet,  which  they 
accompany  like  fatellites,  in  its  annual  revolution.  - 

« . , - V'  *•  - 

Venus  and  the  earth  have  each  of  them  their  fatellite. 

cv  -•  m f\  y . ~ ^ • / 

•Perhaps  so. 
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One  will  unioubtedly  be  fome  time  or  other  difcover, 
ed  in  mars.  Jupiter  has  four,  fatum  fire,  and  a ring- 
or  luminous  atmofphere  which  ferns  to  "perform  the 
office  of  a number  of  fmall  moons  : being  fituate  fo 
* far  from  the  fun,  he  would  have  received  too  faint  a 
light  from  it,  if  his  Satellite  and  ring  did  not  augment 
it  by  reflection. 

' • { • ' ■ * ' 

‘ We  have  difcovered  twenty-feven  planets,  which  at  ■ 

prefent  compofe  our  folar  fyftem  ; but  we  are  not  cer- 
tain that  there  are  not  more.  Their  number  has  re- 
ceived a great  increafe  by  the  invention  of  telefcopes  r 
more  perfect  mftruments,  and  more  accurate  observ- 
ers, may  probably  make'  farther  additions  to  them. 
The  fatellite  of  venus  difcovered  m the  laft  century 
gives  room  to  hope  for  ftill  greater  fuccefs. 

4-.  The  comets  alfo  are  now  found  to  be  planetary 
bodies,  whofe  long  routes  our  aftronomers  calculate, 
foretel  their  diftant  returns,  and  determine  their  place, 
appearances,  and  traCt.  Upwards  of  thirty  of  thefe 
bodies  at  prefent  acknowledge  the  empire  of  our  fun, 
and  the  orbits  which  fome  trace  round  are  fo  extenfive, 
that  they  do  not  complete  their  courfe  till  the  end  of  a 
long  feries  of  years,  and  even  many  ages. 

' The  ftars  are  innumerable  ; and  the  conftellations, 
which  antiquity  reckoned  to  be  but  few  in  numbeF, 
amount  to  thoufands. 

If  the  diameter  of  the  great  orbit  which  our  planet 
defcribes  round  the  ftm,  is  more  than  fixty  millions  of 
leagues,  yet  this  vaft  circumference  vanishes  into  no- 
' thing,  and  become  a mere  point,  when  made  ufe  of  to 
meafure  the  diftance  of  the  flxed  ftars. 

How  great  then  muft  the  real  bulk  of  thefe  lumi- 
nous fpots  be,  that  are  perceivable  by  us  at  fuch  enor- 
mous diftance  ! The  fun  is  fuppofed  about  a million  of 
times  greater  than  the  earth,  apd  a hundred  and  ten 
times  greater  than  ail  the  planets  put  together. 

5.  Whilft  the  planets  perform  thefe  revolutions 
' - • ^ , round 
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round  the  fiin,  by  which  the  courfeof  their,  years  Unre- 
gulated, they  effect  another  among  themfelyes,  which, 


Bat  how  do  thefe  vaft  bodies  remain  fufpended  in 
fpace  ? What  fecret  power  retains  them  in  their  or- 
bits, and  enables  them  to  circulate  with  fo  much  regu- 
larity and  harmony  ? Gravity,  that  powerful  agent,  is 
the  nniverfal  principle  of  this  equilibrium  and  thefe 
motions.  It  penetrates  into  the  inmoft  parts  of  all  bo- 
dies. By  yirtue  of  this  force  they  tend  towards  each 
other  in  a proportion  relative  to  their  diftance  and 
bulk.  So  that  the  planets  tend  towards  the  common 
' centra  of  the  fyftem,  and  they  would  be  inftantly  pre- 
cipated  into  it,  if  the  Creatdr,  when  he  formed  them,, 
had  not  endued  them  with  a centrifugal  motion,  by 
which  they  are  continually  kept  at  a due  diftance  from 
the  centre.  Each  planet,  in  conftant  fubferviency  to 
thefe  two  forces,  defcribes  a curve  in  confequence  there-* 
of.  By  this  means  the  fame  force  which  determines 
the  fall  of  a ftone,  is  the  ruling  principle  of  the  hea- 
venly motions  : wonderful  mechanifm  ! whole  limpli- 
city  and  energy  give  us  unceafing  tokens  of  the  pro- 
found wifdom  of  its  author. 


The  globe  of  earth,  which  is  externally  divided  in- 
to lands  and  feas,  nearly  level  in  their  fuxfaces,  is  form- 
ed within,  at  leaft  to  a certain  depth,  of  beds  of  hete- 
rogeneous matter,  that  are  almoft  parallel,  more  or 
lefs  denfe,  and  of  a finer  or  coarfer  texture.. 


The  furface  of  the  earth  abounds  with  great  inequal- 
ities. In  one  part  of  it  we  behold  vaft  plains  inter-? 
fe&ed  by  hills  and  vallies.  In  another  long  chains  of 
mountains,  which  lift  their  frozen  heads  to  the  clouds  ;; 
and  betwixt  them  deep  valliea,  From  the  bofom  of 
thefe  mountains  rivers  fpring,  which  after  having  wa- 
tered divers  countries,  and  produced  ponds  and  lakes 
in  feveral  places  by  eidarging  their  beds,  at  length  dis- 
charge themfelves  into  the  lea*  and  reftore  to  it  what 
it  had  loft  by  evaporation* 

6.  The 
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6.  The  fea  prefents  us  with  Hlands  fcattered  round 
its  coafts,  with  fands,  rocks,  currents,  gulphs,  and 
ftorms,  and  with  that  regular  and  admirable  motion 
whereby  its  waters  rife  and  fall  twice  in  twenty-four 
hours. 

The  lands  and  feas  are  every  where  replenifhed  with 
plants  and  animals,  whofe  infinitely  varied  fpecies  re- 
fort together  in  every  place.  Men  divided  into  nations, 
peoples,  and  families,  cover  the  furface  of  the  globe. 
They  falhion  and  enrich  it  by  their  various  labours, 
and  build  habitations  from  pole  to  pole,  correfponding 
with  their  manners,  genius,  foil,  climate. 

A rare,  tranfparent,  elaftic  fubftance  encompafles  all 
parts  of  the  earth  to  a certain  height : this  fubftance  is 
the  atmofphere,  the  repofitory  for  the  winds,  the  im- 
menfe  refervoir  of  vapours  and  exhalations,  which  be- 
ing fometimes  colle&ed  into  clouds  of  a greater  or  lef- 
fer  confidence,  adorn  our  element  by  their  forms  and 
colours,  or  aftonifti  us  by  their  flaihes  and  violent 
noife  ; and  at  other  times  melting  into  dews,  mifts, 
rain,  {how,  hail,  yield  back  to  die  earth  what  was  ex- 
haled from  it. 

. S . ' V 

7.  The  moon,  the  neareft  to  the  earth  of  all  the  pla- 
nets, is  that  we  have  the  beft  knowledge  of.  Its  globe, 
which  is  about  five  and  forty  times  lefs  than  ours,  al- 
ways appears  to  us  with  the  fame  afpe<ft,  becaufe  it 
performs  its  revolution  precifely  in  the  fame  fpace  of 
time  that  it  revolves  round  the  earth. 

It  has  its  gradual  and  periodical  increafe  and  decreale 
of  light,  according  to  its  pofition  with  refpeft  to  the 
fun  which  enlightens  it,  and  to  the  earth  whereon  it  re- 
flects the  light  of  that  fun. 

The  difk  of  the  moon  is  externally  divided  into  lu- 
minous and  obfcure  parts.  The  former  feems  analo- 
gous to'lands  on  our  globe,  and  the  latter  to  our  feas. 

In  the  luminous  parts  there  have  been  obferved  fome 
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places  brighter  than  the  reft,  which  caft  a (hade  from 
their  fide,  which  has  been  meafured,  and  the  traCt  as- 
certained. Thefe  part*  are  mountains  much  higher 
than  ours,  in  proportion  to  the  fize  of  the  moon,  and 
whofe  tops  the  fun  has  been  feen  to  gild  when  that  pla- 
net is  quartered  ; the  light  defcending  by  little  and  lit- 
tle to  the  foot  of  thefe  mountains,  they  appear  at  that 
time  entirely  bright.  Some  are  by  themfelves,  others 
form  very  long  trails. 

• ' ^ 

Venus  has,  like  the  moon,  her  (pots,  and  moun- 
tains. -So  have  mars  and  jupiter.  Thofe  in  jupiter 
form  large  belts,  which  make  confiderable  motions, 
like  the  oceans  overflowing  the  lands,  and  afterwards 
leaving  them  dry  on  his  retreat. 

Mercury  and  fhtum  are  little  known  to  us  y the  firft, 
becaufe  it  is  too  near  the  fun,,  the  fecond  becaufe  it  is> 
at  too'great  a diftance. 

Laftty,  the  fun  itfelf  has  fpots,  which  feem  to  move 
regularly,  and  whofe  fize  equals,,  and  very  often  ex- 
ceeds that  of  fuch  as  are  feen  in  the  greateft  planets. 

\ ' v 

8.  Pure  fpirits,  immaterial  and  intelligent  fub- 
ftances  i extenfive  and  folid  fubfiances  : mixed  beingsr 
formed  by  the  union  of  an  immaterial  fubftance  and  a 
corporeal ; are  the  three  general  claflfes  of  beings  which 
we  have  any  conception  of  in  the  uni  verfe- 

In  the  univerfe  all  is  combination,  affinity,  connex- 
ion. There  is  nothing  but  what  is  the  immediate  ef-  - 
fed  of  fomewhat  preceding  it,  and  determines,  the  ex- 
ifteuce  of  Something  that  fhould  follow  it. 

The  divine  mind  has  fo  clofely  connected  every  part 
of  his  work,  that  there  is  not  one  which  has  not  a rela- 
tion to  the  whole  fyftem.  A mufhroom,  a mite,,  are 
as  eftential  parts  of  it  as  the  cedar  or  elephant. 

*-  So  that  thofe  minute  productions  of  nature  which  ' 
unthinking  men  judge  to  be  ufelefs,  are  not  mere  par- 
ticles 
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tides  of  duft  on  the  wheels  of  the  machine  of  the 
world  ; they  are  fmall  wheels  intermixed  with  the 
greater. 

There  is  nothing  then  by  itfelf.  Every  being  has  an 
adivity  peculiar  to  it,  determined  by  the  rank  appoint* 
ed  for  it  in  the  univerfe.  A mite  is  a very  fmall  move- 
able  creature,  which  ads  in  concert  with  others,  whofe 
activity  extends  to  much  greater  diftances.  The  fpheres 
thus  enlarging  themfelves  more  and  more,  this  amaz- 
ing progreflioh  riles  by  degrees  from  the  vortex  of  am- 
ber to  the  folar  vortex  ; from  the  fphere  of  a mite  to 
that  of  an  angel. 

9.  The  elements  ad  reciprocally  on  each  other,  ac- 
cording to  certain  laws  which  refult  from  their  relati- 
ons ; and  thefe  relations  unite  them  to  minerals,  plants, 
animals,  and  ^ to  Jtnen.  This  laft,  as  the  principal 

trunk,  fpreads  its  branches  all  over  the  globe. 

Thefe  fpecies  and  individuals  have  relation  to  the 
bignefs  and  folidity  of  the  earth.  The  folidity  and  fize 
of  the  earth  have  relation  to  the  place  fhe  occupies  in 
the  planetary  fyftem. 

• . The  fun  gravitates  on  the  planets ; the  planets  on 
the  fun,  and  on  each  other.  All  gravitate  on  their 
neighbouring  fyftems ; thefe  on  more  diftant  ones  ; 
and  the  balance  of  the  univerfe  remains  in  equilibrio, 
in  the  hands  of  the  antient  of  days. 

* V -*■  ' - V.-  • ‘ ^ *S  . ' 

The  human  foul,  by  being  united  to  an  organized  / 
body,  maimains  an  intercourfe  with  all  nature. 

. From  thefe  general  principles  proceeds  the  connedi- 
on  of  caufes  and  effeds,  of  effeds  and  caufes.  . 

From  hence  alfo  arifes  that  indiffoluble  union  which 
forms,  of  paft,  prefent,  future,  and  eternity,  one  entire 
individual  whole. 

The  beauty  of  the  world  is  founded  in  the  harmoni- 
ous diver  fity  of  the  beings  that  compofe  it,  in  the  num- 
ber, extent,  and  quality  of  their  effeds,  and  in  the  de- 
gree of  goodnefs  arifing  therefrom. 

, v ' s ' “ , ‘ y , T'  i A, 

CHAP. 
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I. ' I TERRESTRIAL  beings  may  naturally  be  y 
JL  rangedvunder  four  general  clafiess 

I.  Brute  and  inorgamzed  Beings. 

II.  Organized  and  inanimate  Beings.. 

III.  Organized  and  animate  Beings. 

IV.  Organized,  animate,  and  reasonable  Beings. 

V.  - * * , , . • \ , • • *v  v • ”*  - . i i”  ' ; ’ 

. All  being*  are  perfed,  confidered  in  themfelves  ; 
they  all  anfwer  one  end.  The  determinations  or  qua- 
lities proper  for  each  being,,  are  the  means  relative  to 
this  end*  If  thefe  determinations  flionld  change,,  they 
would  no  longer  have  a reference  to  their  end,  and 
there  would  be  no  more  wifdom* 

But  thofe  means  which  are  of  a~  more  exalted  nature 
anfwer  a nobler  end.  The  being  appointed  to  fulfil 
this  end,  is  enriched  with  proportionable  faculties. 

. Beings  whofe  relations  to  the  whole  are  more  varied, 
more  multiplied*  and  more  copious, poffefs  a higher  de- 
gree of  relative  perfedion. 

As  there  are  two  general  clafles  of  fubftances,  bodies 
and  fouls,  there  are  likewife  two  general  clafles  of  per- 
fedion*, the  corporeal  perfedion*:  ©r  that  which  is  pecu- 
liar to  bodies  t.  and  the  fpiritual  perfedion*.  or  that 
which  is  peculiar  to  fouls.  * 

Thefe  two  perfedions  are-re-united  in  every  organiz- 
ed* animated  being,  and  they  correfpond  with  one  ano- 
ther. * : * 

From  their  re-union  proceeds,  that  mixed  perfedion 

which 
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which  anfwers  to  the  rank  eyery  being  holds  in  the  fyf- 
tem.  • > 

2.  Of  all  the  modifications  of  matter,  the  mod  ex- 
cellent is  organization,  x 

The  moft  perfeCl  organfzation  is  that  which  produc- 
es mod  effe&s,  with  an  equal  or  fmaller  number  of  dif- 
fimilar  parts.  Such  amongft  terreftrial  beings  is  the  hu- 
man body.  v : 

An  organ  is  a fyftem  of  folids,  whofe  ftru&ure,  ar- 
rangement, ’and  a&ion,  have  motion  for  their  ultimate 
end,  either  inteftine  or  loco-motive,  of  feeling. 

A being,  which  is  barely  formed  by  a repetition  of 
fimilar  parts,  enjoys  the  loweft  degrees  of  corporeal 
perfection.  Such  probably  is  the  atom  or  elementary 
particle. 

The  faculty  of  generalizing  ideas,  or  abftraCHng 
from  a fubjeCi  what  it  has  in  common  with  others,  ana 
expreffing  it  by  arbitrary  figns,  conftltutes  the  higheft 
degree  of  fpiritual  perfection  ; and  therein  confifts  the 
difference  between  the  human  foul  and  the  foul  of 
brutes. 

The  foul  which  is  only  endued  \&ith  fenfe  occupies 
die  loweft  degree  in  the  fcale.  This  perhaps  is  the  per- 
fection of  the  foul  of  the  mufcle.  < , 

3.  The  reciprocal  adtion  of  folids  and  fluids  is  the 
foundation  of  the  terreftrial  life. 

To  nouriih  ourielves,  to  grow  by  our  food,  to  beget 
individuals  of  our  own  fpecies,  are  the  principal 'ends 
of  the  terreftrial  life. 

If  the  adtion  of  the  organs  is  not  accompanied  with  a 
fenfe  of  this  a diion,  the  organized  being  enjoys  only  & 
vegetative  life.  Such  is  the  cafe  of  the  plant. 

If  the  adtion  of  the  organs  is  joined  with  a fenfe  of 
that  adtion,  the  organized  being  enjoys  a vegetative 
and  fenfitive  life.  This  is  the  condition  of  the  brute. 

finally,  if  refledtion  is  joined  to  feeling,  the  being 
enjoys  at  the  fame  time  a vegetative,  fenlitive  and  re* 

fledtive 
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fleCtive  life.  It  is  man  alone,  upon  earth,  that  unites 
thefe  three  kinds  of  life  in  himfelf. 

*■  * - - \ *4 

The  corporeal  and  intellectual  faculties  may, be  car-, 
ried  to  fo  high  a pitch  of  perfection,  in  the  mod  exalt- 
ed order  of  mixed  beings,  that  we  are  able  to  form  but 
faint  ideas  of  them. 

, * * *>  z V *'  * .. 

4.  Between  the  lowed  and  highed  degree  of  corpo~ 
real  and  fpiritual  perfedion,  there  is  an  almoft  infinite 
number  of  intermediate  degrees.  The  refnh  of  thefe 
degrees  compofes  the  univerfal  chain.  This  unites  alf 
being,  conneds  all  worlds,  comprehends  aH  the 
fpheres.  One  foie  being  is  out  of  this  chain,  and  that 
is  he  that  made  it* 

A thick  cloud  conceals  from  our  fight  the  nobled 
parts  of  this  immenfe  chain,  and  admits  us  only  to  a 
flight  view  of  feme  ill-conneded  links,  which  are  bro* 
ken,  and  greatly  differing  from  the  natural  order. 

We  behold  its  winding  courfe  on  the  furface  of  our 
globe,  fee  it  pierce  into  its  entrails,  penetrate  into  the 
abyfs  of  the  lea,  dart  itfelf  into  the  atmofphere,  fink 
far  into  the  celeftial  fpaces,  where  we  are  only  able  to 
defcry  it  by  the  flalhes  of  fire  it  emits  hither  and  thi- 
ther. c : 

But  notwithftahding  our  knowledge  of  the  chain  of 
beings  is  fovery  imperfed,  it  is  fufficientat  lead  to  in- 
fpire  us  with  the  mod  exalted  ideas  of  that  amazing 
and  noble  progreflion  and  variety  whicl/reign  in  the 
univerfe. 

5.  There  are  no  fudden  changes  in  nature  ; all  is 
gradual,  and  elegantly  varied.  ' There  is  no  being 
which  has  not  either  above  or  beneath  it  feme  that  re- 
femble  it  in  certain  charaders,  and  differ  from  it  in 
others. 

Amongd  thefe  charaders  which  drdinguifli  beings, 
we  difcover  feme  that  are  more  or  le£s  general.  Whence 
we  derive  our  diftributions  into  clafles,  genera,  and 
lpecies.  But  there  are  alivays  between  two  clafles, 
and  two  like  genera,  mean  produdions,  which  feem 

not 
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not  to  belong  more  to  one  than  to  the  other,  but  t6 
conned  them  both. 

. The  polypus  links  the  vegetable  to  the  animal.  The 
flying  fquirrel  unites  the  birds  to  the  quadruped.  The 
ape  bears  affinity  to  the  quadruped  and  the  man. 

But  if  there  is  nothing  cut  off  in  nature,  it  is  evi- 
dent that  the  diftributions  we  make  are  not  her’s. 
Thofe  we  form  are  purely  nominal,  relative  to  our  ne- 
•ceffities  and  the  bounds  of  our  knowledge. . Thofe  in- 
telligences which  are  fuperior  to  us,  difcover  perhaps 
more  varieties  between  two  individuals  which  we  range 
* under  the  fame  fpecies,.  than  we  do  between  two  indi- 
viduals of  diftant  genera. 

So  that  thefe  intelligences  fee  the  fcale  of  beings  all 
compofing  one  fmgle  confequence,  which  has  for  its 
firft  term  an  atom,  and  for  its  laft  the  mod  exalted  ie- 
raph.  r 

We  may  then  fuppofe  in  the  fcale  of  our  globe  as  ma- 
ny fteps  as  we  know  there  are  fpecies.  The  eighteen 
or  twenty  thoufand  fpecies  of  plants  which  compofe  our 
herbals,  are  therefore  eighteen  or  twenty  thoufand  fteps 
, of  this  celeftial  ladder. 

And  there  is  not  a fingle  plant  amongft  thefe,  which 
does  not  perhaps  nourifh  one  or  more  fpecies  of  ani- 
mals. Thefe  animals  harbour  or  provide  nourifhment 
for  others  in  , their  turn.  They  are  fo  many  little 
worlds  comprized  in  others  that  are  ftill  fmaller. 

Simple  produces  compound.  The  molecule  forms 
the  fibre,  the  fibre  the  veffei,  the  veffel  the  organ,  the 
organ  the  body. 

The  fcale  of  nature  then  is  conftru&ed  by  paffing 
from  that  which  compofes  it,  to  that  which  is  compo£ 
ed  by  it,  from  the  lefs  perfect  to  the  greater. 

Bat  while  we  view  it  In  this  light,  and  in  a very  ge- 
neral manner,  we  are  not  to  forget  that  our  method  of 
conception  is  not  the  rule  of  things.  We  are  only  to 
take  a tranfiept  furyey  of,  the  exterior  parts  of  being?. 
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A general  View  of  the  gradual  Progression 

of  Beings. 
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1.  XT^RQM  the  immutability  of  fpecies  amidft  the 
r perpetual  motion  that  reigns  in  the  univerfe,  is 
deduced  the  indivifibility  of  the  firft  principle  of  bo-  ; 
dies : an4  the  indivifibility  of  thefe  principles  would 
demonftrate  the  fimplicity  of  their  nature,  if  God  had  t 
not  power  to  render  the  highly  compounded  particles 
incapable  of  reparation. 

The  nature  of  elementary  atoms,  their  forms*  rela- 
tive proportions,  and  the  manner  whereby  they  effe& 

* the  formation  of  bodies,  are  branches  of  knowledge 
that  furpafs  the  reach  of  the  human  mind. 

So  that  we  cannot  determine  whether  there  are  as 
many  fpecies  of  elements  as  of  bodies  ; or  whether  the 
fame  elementary  particles,  varioufly  combined,  give 
birth  to  different  compounded  fpecies. 

We  are  likewife  ignorant  what  it  is  that  eflentially 
diftinguifhes  one  body  from  every  other  ; thofe  we  call 
effential  characters,  are  only  the  ultimate  refult  of  the 
firft  principles. 

O how  interefting  would  the  fight  be,  were  we  per* 
mitted  to  penetrate  into  thefe  principles  ! A new  world-’ 
would  difclofe  itfelf  to  our  view  ; nature  then  become 
tranfparent,  would  no  longer  conceal  her  way  from  ' 
us : her  laboratories  and  workfhops  would  then  be 
thrown  open.  Here  we  ihould  fee  her  collecting  the 
principled  of  metals ; there  behold  her  preparing  the 
• colour 
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colour  of  the  rofe.  Farther,  w.e  might  trace  her  foot* 
fteps  into  the  wonders  of  light  and  electricity.  In  other 
places  fliould  obferve  her  Iketching  the  out-lines  of  a 
f plant  or  animal.  Aftonifked  at  the  fight  of  this  admi- 
rable work  we  fliould  never  be  weary  of  contemplating 
tjie  infinite  diverfity  of  preparations,  combinations,  and 
motions,  by  which  it  is  infenfibly  brought  to  its  per* 
fe&ioiu 

: ( • . \ ’ 

* , - • 3 . ■-•I#’-  y s i ' . 

Ye  celeftial  fpirits  who  affifted  at  the  creation  of  our 
world,  you  enjoy  thefe  pleafures  ! Being  more  fa- 
voured than  xis  by  the  mafter  of  nature,  you  penetrate 
into  what  efcapes  our  notice,  and  fee  with  what  diffi- 
culty we  creep  from  one  truth  to  another,  as  we  oly 
, ferve  the  efforts  of  an  ape  to  imitate  a mam 

. , * * * _ ■ > 

2.  Obferve  three  principal  kinds  of  compofitions  in 
terreftriai  bodies.  1 . That  of  fluids.  2.  That  of  rude 
or  in-organized  folids.  8.  That  of  organized  folids. 

The  firft  genus,  which  is  the  moft  Ample,  ieems  to 
confill  in  a bare  contact  of  homogenous  particles^ 
which  tend  towards  each  other  ; but  the  lead  force  di- 
vides them. 

The  fecond,  which  is  more  compounded,  is  formed 
of  the  union  of  different  particles  into  a fblid  mafs. 

The  third,  (till  more  compounded,  is  formed  of  the 
intermixture  of  an  infinite  number  of  parts,  fome  fluid, 
and  others  folid. 

. ' /4  * * . 

3.  The  fmall  refiftance  which  fluids  make  to  the  force 
that  divides  them,  their  inclination  to  a level,  the 
quickness  and  eafe  wherewith  they  move,  penetrate, 
and  feparate  folids,  ferve  to  .indicate  that  they  are  of 
all  bodies  the  moft  fimple,  fubtle  and  a&ive. 

‘ J \ 

Fire  ieems  to  be  a fluid  which  unites  thefe  qualities 
in- .the  moft  eminent  degree.  It  is  evident  from  a num- ' 
ber  of  experiments,  and  particularly  from  thofe  made 
by  ele&ricity,  that  fire  is  a fluid  diffufed  into  all  bo- 
dies,  in  various  proportions.  Sometimes  it  barely  fills 
, , ■ ~ their 
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their  pores  : at  others,  is  intimately  united  to  their 
conflituent  parts, ' and  compofes  inflammatory  matter. 

Air  and  water  are  likewife  contained  in  the  compo-' 
fition  of  a prodigious  number  of  matters  of  different 
kinds.  Sometimes  they  feem  to  change  their  nature, 
and  to  undergo  various  transformations  j but  thefe 
transformations  are  only  imaginary.  They  refume 
their  primitive  ftate,  as  foon  as  the  caufes  which  ob- 
fcured  them  ceafe  to  ad. 

4.  Pure  earth  is  the  bale  or  foundation  in  the  compo* 
fition  of  folids.  The  chymift  meets  with  it  in  every 
body  he  analyfes.  Being  fired  and  unalterable,  it  will 
refill  the  moil  violent  fire ; and  this  immutability  of 
elementary  earth,  by  convincing  »s  of  the  fimplicity 
of  its  nature,  (hews  likewife  that  it  is  the  firll  Hep  of  the 
feale  of  ina&ive  folids. 

From  a mixture  of  pure  earth  with  oils,  fulphurs, 
falls,  & c.  proceed  the  various  fpecies  of  more  or  lefs 
compounded  earths,  which  are  the  proper  nourilhment 
of  one  part  of  organized  bodies. 

Bitumens  and  fulphurs,  which  are  chiefly  formed  of 
inflammable  matter  and  earth,  feem  to  lead  us  from 
pure  earth  to  metallic  fubflances,  in  which  we  difcover 
the  feme  effential  principles,  only  differently  combined. 

i The  inalterability  of  gold  from  the  moll  violent  fire, 
its  malleability,  and  prodigious  dudility,  equally  prove 
the  homogeneoufnefs,  extreme  finenefs,  and  Arid  uni- 
on of  its  parts. 

Other  metals  are  ranged  after  gold,  according  to  • 
the  order  of  their  composition,  or  the  ftronger  or  weak-  < 
er  combination  of  their  principles.  Platina  immedi- 
ately follows  gold  i and  filver  that.  Silver  alfo  refills 
the  adion  of  fire ; but  is  lefs  malleable  and  dudile  than 
gold,  and  diffoluble  by  a much  greater  number  of  dif- 
folvents. 

Copper  appears  after  filver,  and  has  a great  affinity 
to  that  metal.  It  is  itfelf  Succeeded  by  tin,  lead,  and 
- iron. 

Thofe 
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Thofe  compounds  which  differ  from  metals  only  by 
their  npt  being  malleable,  bear  a great  refemblance  to 
them,  and  are  called  demi-metals.  Such  are  antimo- 
ny, bifmuth,  fpelter.  — ■ 

, Vitriols,  produced  by  the  union  of  metallic  particles 
with  a coagulated  acid,  feem,  to  be  the  paffage  from 
metallic  fubftances  to  falts. 

Salts,  which  always  affect  determinate  and  conftant 
figures,  indicate  thereby  the  invariablenefs  and  fimpli- 
city  of  their  principles,  whofe  fundamentals  are  water 
and  earth. 

When  they  are  diffolved  by  water,  or  volatilized  by 
air,  they  become  one  of  the  principal  caufes  of  the 
growth  of  vegetables,  as  they  are  of  fermentations, 
whofe  effefts  are  fo  various  and  extenfive. 

The  regularity  and  uniformity  of  the  different  kindi 
of  cryftaliization,  fufficiently  prove  that  they  are  to  be 
attributed  to  falts,  which  being  diffolved  and  convey- 
ed by  a liquid,  and  united  to  foreign  matters,  com- 
pofe  thefe  pyramidal  maffes. 

Stones,  whofe  fpecies  are  fo  numerous,  prefent  ns 
with  maffes  of  every  form,  colour,  fize,  and  confift- 
ence,  according  to  the  diver fity  of  liquids,  earth,  ful- 
phur,  metallic  parts,  falts,  places,  and  other  circum- 
ttances  which  contributed  to  their  formation. 

Some  of  them  are  perfectly  tranfparent,  and  thefe 
feem  to  be  the  moft  fimple.  Others  are  more  or  lefs 
opaque,  as  their  principles  are  more  or  lefs  heterogene- 
ous, or  more  or  lefs  mixed. 

5.  The  apparent  organization  of  leafed  ftones,  or  fuch  ' 
as  are  divided  into  layers,  as  flates,  that  of  fibrous  ftones, 
or  thofe  compofed  of  filaments,  as  the  amianthus,  feem 
to  conftitute  the  paffage  from  rough  to  organized  folids. 

We  muft  however  allow,  that  this  tranfition  is  not 
fo  happily  effected,  as  thofe  we  obferve  in  divers  other 
claffes  of  terreftrial  beings. 

Organized  folids  are  divided  into  two  general  claffes  j 
vegetable  and  animal. 

It  is  not  eafy  to  detrmine  precifely  the  diftindlion  be- 
tween thefe  two  claffes.  We  cannot  clearly  difcern 
Vox.  III.  m I where 
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where  the  vegetable  terminates,  or  the  animal  com- 
mences. 

Neither  the  greater  or  lefs  degree  of  fimplicity  in  .or- 
ganization, nor  the  method  of  produ&ion,  nourifhing, 
increafing  and  multiplying,  nor  the  locomotive  facul- 
ty, fufficiently  enables  us  to  diftinguifh  between  thefe 
two  orders  of  beings. 

There  are  fome  animals  whofe  ftru&ure  appears  as 
fimple  as  that  of  plants., 

* • ..  ’•  * . . j , * \ . 1 * . ^ : .*»  V ;•  i j 

r What  the  feed  and  germ  aie  to  the  plant,  the  egg 
and  embryo  are  to  the  animal.  • 

The  plant  and  animal  increafe  in  equal  proportion 
by  an  infenfible  expanfion  occafioned  by  nutrition. 

The  matter  received  in  both  of  them  by  inward  fuf- 
xeption,  is  there  fubjedt  to  analogous  preparations. 
One  part-ferves  as  a clothing  to  the  elfence  of  the  plant 
or  animal } the  reft  is  evacuated.  ••  • 

There  is  in  plants  as  well  as  animals  a diftindtion  of 
lexes ; and  this  diftindtion  in  them  is  followed  by  the 
fame  effential  effedts  that  accompany  the  latter.  Sever 
ral  kinds  of  animals  multiply  by  flips  and  fpiigs  ; and 
there  are  feme,  that,  like  plants,  pafs  their  whole  lives 
without  changing  their  fituation. 

If  there  is  any  one  character,  peculiar  to  the  animal, 
it  is  that  of  being  fumifhed  writh  nerves.  ' ^ 

. ' % } - ' . ■ ' r ' ‘ ' ' 

. •'  * , % J . , 

6.  The  plant  which  feems  to  occupy  the  lowed  place 
in  the  fcale  of  vegetables,  is  a fmall  unformed  mafs  in 
which  the  eye  can  only  perceive  a kind  of  marbling, 
without  any  diftindt  part.  This  plant  is  the  truffle, 
the  feeds  of  whieh  are  difeovered  by  the  microfcope. 

i * ~ 

At  a lmall  diftance  from  thefe,  is  the  numerous  fa- 
mily of  muflirooms  and  agarics*,  which  would  be  ta- 
ken for  different  kinds  of  excrelcences,  were  it  not  that 
the  eye,  by  the  afliftanee  of  sl  glafs,  can  difeover  flow- 
er and  feeds  in  their  folds  or  cavities. 

Liverworts,  equal  in  die  number  of  their  fpecies  to 

. - muflirooms, 
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mufh  rooms,  nearly  refemble  them.  They  cleave  to 
the  furface  of  ftones,  dry  wood,  trees,  &c.  fometimes 
like  brown  fpots,  at  others  in  pieces  of  a circular  form, 
- \ of  a grey,  or  yellow'  colour,  compofed  of  fmall  {hells 
or  nobs,  or  notched  like  fringe,  lace,  &c.  The  feeds 
are  contained  in  fmall  capfules,  invifible  to  the  naked 
eye,  as  are  likewife  the  flowers. 

Modes  feem  to  be  a fpecies  between  the  irfufhrooms 
and  liverworts.  They  delight  in  fhade  and  moifture, 
and  cling  to  various  forts  of  bodies.  The  filaments 
which  blue  from  them  are  often  of  a cotton-like  na- 
ture, and  bear  flower  and  feeds. 

s -•  f 

7 • Plants  are  of  three  very  diftindt  forts. 

The  firft,  which  are  for  the  moft  part  of  a fmall  fize, 
delicate  conftitution,  inadlive,  and  abounding  in  hu- 
mours, live  but  a lhort  time ; a year  is  commonly  the 
term  of  their  life. 

The  fecond,  which  are  for  the  moft  part  of  a gigan- 
tic fize,  robuft  conftitution,  hard,  and  not  fo  full  of 
humours,  live  many  years,  and  even  for  feveral  ages. 

The  third  bear  a mean  proportion  between  the  firft 
and  fecond.  • : * 

N , • ■ . • . . \ ■ ^ -vv 

Herbs  are  the  firft,  trees  the  fecond,  Ihrubs  the 
third. 

' Thefe  three  kinds  which  are  fpread  over  the  face  of 
the  earth,  live  promifcuoufly  therein  ; but  there  exifts 
in  the  different  claffes,  an  almoft  infinite  diverfity  of 
fizes,  forms,  colours,  and  inclinations. 

They  all  in  common  pafs  their  lives  in  a ftate  of  im- 
• moveablenefs.  Fixed  to  the  earth  by  various  forts  of 
fibres,  they  derive  their  principal  nourifhment  from  it, 
and  with  them  to  live  is  to  expand  themfelves. 

8.  The  roots,  ftalk,  branches,  leaves,  flowers,  and 
fruits,  comprize  all  that  is  moft  remarkable  in  the  ex- 
ternal parts  of  plants, 

• / " > ♦ 

* ^ / * _ - 

The  roots,  by  means  of  their  different  kinds  of 
hinges,  tuberofities,  and  ramifications,  keep  the  plant 
fixed  to  the  earth,  while  their  pores  imbibe  an  exceed- 
* 12  ing 
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jng  fine  flime,  which  the  water  liquefies,  and  carries 
svith  it.  . 

From  the  root  fprings  the  ftalk,  to  which  the  -plant 
partly  owes  its  ftrength  and  beauty.  Being  fometimes 
lhaped  like  a pipe,  it  is  fortified  with  knots  ikilfully 
difpofed.  As  it  is  fometimes  too  weak  to  fupport  it- 
felf,  it  contrives  means  to  twift  itfelf  about  a folid  prop, 
or  to  fatten  do  it  by  means  of  the  little  hands  it  is  fur- 
jiifhed  with.  Otherwife  -it  appears  a ftrong  pillar, 
bears  its  proud  head  aloft  in  the  air,  and  braves  the  ef- 
forts of  ftorms  and  tempefts. 

• ,r  - . < *“  * Z t , • 

The  branches  flioot  forth,  like  fo  many  arms,  from 
the  trunk  and  ftalk;,  on  which  they  are  diftributed  with  \ 
great  regularity.  They  are  divided  and  tub-divided 
into  many  fmall  boughs,  and  the  fub-divifions  obferve 
-the  fame  order  as  the  principal  divifions. 

The  leaves,  that  charming  ornament  of  plants,  are 
difpofed  round  the  , ftalk  and  branches  with  the  fame 
fymmetry.  Some  are  fimple,  others  compounded,  ox 
formed  of  various  foliage.  One  fort  is  plain  ; another 
indented.  Some  of  them  are  very  thin,  others  hard, 
loft,  plump,  fmooth,  rough,  or  hairy.  - 

The  flowers,  whdfe  enamel  is  one  of  the  principal 
beauties  of  nature,  are  not  lefs  diverfified  than  the 
leaves.  Some  have  only  a Angle  leaf,  others  feveral. 
Here  it  appears  like  a large  veffel  opening  itfelf  grace- 
fully j there  it  forms  a grotefque  jigure  in  imitation  of 
a muzzle,  head  piece  or  cowl.  Farther  ftill,  it  is  a 
butterfly,  a ftar,  a crown,  a radiant  fun.  Some  are 
difperfed  on  the  plant  without  any  art  ; others  com- 
pote nofegays,  globes,  tufts  of  feathers*  garlands,  py^ 
ramids. 

The  greater  part  of  them  are  furniihed  with  one  or 
more  cups,  fometimes  fimple  and  plain,  at  others  conr 
filling  of  feveral  pieces. 

From  the  centre  of  the  flower  proceeds  one  or  feve- 
ral little  pillars,  either  fmooth  or  channelled,  rounded 
at  top,  or  terminating  in  a point,  called  piftils,  which 
gommonly  encompafs  other  fmaller  pillars  called  ftamU 
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Thefe  carry  on  the  upper  part  of  them  a fort  of 
fmall  bladders  full  of  exceeding  fine  powder,  every* 
grain  of  which,  viewed  through  a microfcope,  appears 
of  a very  regular  figure,  but  varied,  according  to  his' 
fpecies.  In  fome  they  are  fmall,  fmooth  globes ; in 
others,  they  are  thick  fet  with  prickles  like  the  cover- 
ing of  a chefnut,  and  fometimes  they  refemble  fmall 
prifms,  or  fome  other  regular  body,* 

But  how  {hall  we  expfels  their  ffnenefs,  the  lively  ap- 
pearance,  delicacy,  and  variety  of  fhadowings,  which* 
accompany,  in  many  fpecies  of  flowers,  the  fweetnefsj 
and  agreeablenefs  of  the  perfume  ? 

The  flowers  are  fucceeded  by  the  fruits  and  feeds*  * 
Magnificent  decoration  ! Precious  riches,  which  repair 
the. Ioffes  occafioned  to  plants  by  the  intemperatenefs 
of  feafons,  • and  the  necellities  of  men  and  other  animals. 

AH  fruits  and J feeds  have  this  in  common,  they  en-* 
elofe  under  one  or  more  coverings  the  germ  of  the  fu- 
ture plants.  Some  have  only  fuch  coverings  as  imme- 
diately infold  the  germ,  > whofeoutflde  is  of  the  ftrong- 
eft  contexture  5 and  among  thefe,  there  are  fome  that 
are  provided  with  wings,  tufts,  or  plumes  of  feathers,- 
by  means  of  which  they  are  conveyed  in  the  air  or  wa- 
ter, by  which  they  are  tranfported  and  fown  in  diffe- 
rent parts.  Others  are  better  clothed,  being  lodged  in 
{heaths  or  pods,  enclofed  in  a kind  of  box,  having  one 
or  more  partitions^  A third  fort,  under  a moft  delici- 
ous fruit,  which  is  rendered  (till  more  agreeable  by  its 
beautiful  colour,  contain  a ftone  or  kernel.  Others  are 
enclofed  in  fliells  which  are  either  armed  with  prickles,  * 
abound  with  a bitter  juice  or  adorned  with  fine  hair. 

The  outfide  <of  fruits  and  feeds  do  not  afford  lefs  va-  * 
riety  than  the  leaves  and  flowers;  there  is  hardly  any 
figure  whatever  which  • they  do  not  fumifh  a reprefen-  * 
tation  of. 

9.  The  infide  of  plants  is  compofed  of  four  orders 
of  veflels,  viz.  the  ligneous  fibres,  utriculi,  or  little- 

bags^^ 


y 


- ( 198  )•  ; 

bags,  the  proper  vafes,  and  the  trachea  or  air-vef- 
fels. 

The  ligneous  fibres  are  very  fmall  channels  depo- 
fited  according  to  the  length  of  the  plant,  and  confift 
of  little  pipes  placed  near  each  other.  Sometimes 
thefe  veflels  are  parallel,  and  at  others  are  feparated, 
leaving  between  them  intervals  or  oblong  fpaces. 

Thefe  fpaces  are  filled  by  the  utriculi,  a kind  of 
membranous  bladders,  horizontally  difpoled,  and  which 
communicate  with  each  other. 

The  proper  vafes  are  a kind  of  ligneous  fibres  which, 
principally  differ  from  the  reft  by  their  juice,  which  is 
of  a deeper  colour,  or  thicker. 

V,  * ' \ 7 ? • * -*  * • • ' •.  / 

In  the  middle  of  them,  or  round  a great  number 
of  ligneous  fibres,  are  fome  veflels  which  are  not  fo 
narrow,  compofed  of  a filvery  elaftic  blade,  formed 
fptrewife,  like  a fpring  ; thefe  are  arteries.  They  fel- 
dom  contain  any  thing  but  air. 

Thefe  four  orders  of  veflels,  which  are  difperfed 
through  all  The  parts  of  the  vegetable,  in  proportion 
to  the  functions  of  each,  compofe,  at  ieaft  in  trees  and 
ihrubs,  three  piincipal  beds,  die  bark,  the  wood,  and 
the  pith. 

The  bark,  or  rind,  which  is  the  outer  covering  of 
plants,  and  is  fmooth,  even,  and  Ihining  in  fome,  and 
rough,  channelled,  and  hairy  in  others,  is  formed  of 
the  wideft  fibres  that  are  the  leaft  preffed  together, 
and  which  admit  within  them  the  mod  air. 

The  wood,  which  is  placed  under  the  rind,  has  nar- 
rower and  more  contracted  pipes,  its  utricles  lefs  reple- 
jiifhed  or  dilated  : and  this  only  has  arteries. 

- The  pith,  which  is  fituated  at  the  heart  of  the  plant, 
is  little  more  than  a collection  of  utricles,  which  are 
greater  and  more  capacious  than  thofe  of  the  bark  and 
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wood.  They  diminifh,  and  dry  up,  as  the  plant  adr 
vances  in  age.  - : 

fj\  '■  '•  ^ » • . • 

The  fimplicity  of  the  organization  of  vegetables  is 
the.  principal  fource  of  their  different  methods  of  mul- 
tiplication. ' 

. i. 

\ * 

A plant  pudies  out  buds  from  all  points  of  it%fur~ 
face,  thefe  buds  themfelves  are  plants;  being  cut,  and 
laid  in  the  ground,  they  take  root  there,  and  become 
entire  plants,  like  that  of  which  they  were  before  only 
. a part. 

The  fmalleft  branch  or  leaf  may  give  birth  to  fuch  a 

whole  plant.  ^ • 

Suckers  taken  from  different  plants,  and  ingrafted 
in  the  ftalk  or  branches  of  another  plant,  incorporate 
themfelves  with  it,  and  being  united  thereto,  form  one^ 
©rganical  body. 

10.  The  timorous  fenGtive  plants  flies  the  hand  that 
approaches  her ; fhe  doles  herlelf  again  with  the  ut- 
moft  fpeed ; and  this  motion  bearing  fo  great  a refem- 
blance  to  that  of  animats,  feems  to  conllitute  one  of 
tliofe  connexions  whereby  the  vegetable  and  animal 
kingdoms  are  united. 

A little  above  the  fenfitive,  in  a kind  of  calix,  at 
the  bottom  of  the  water,  is  a fmall  body,  exaXly  re- 
fembling  a flower.  It  draws  back  and  entirely  difap- 
pears  when  1 offer  to  touch  it.  It  comes  out  of  the 
calix,  and  opens  itfelf  on  my  retiring  to  a diftance 
from  it. 

While  I was  endeavouring  in  vain  to  account  for 
this,  I difcovered  by  the  fide  of  it  another  body  ofthe~ 
fame  form,  but  larger,  and  not  lodged  in  an  enclofure. 
It  was  fupported  by  a fmall  ftalk,  whofe  lower  extre- 
mity joined  to  a plant,  whilft  the  other,,  inclining  to- 
wards the  ground,  was  divided  into  feveral  little 
branches. 

I immediately  believed  it  to  be  a parafite  plant  y and 
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in  order  to  be  more  fully  convinced  of  It,  I cut  it  in 
halfs  between  its  two  extremities. 

It  foon  fprouted  out  again,  and  appeared  the  fame 
as  before.  I flood  awhile  to  Confider  it.  1 faw  the 
little  branches  move,  and  extend  themfelves  tofeveral 
inches  in  length.  They  are  extremely  fine,  and  fpread 
themfelves  on  all  fides.  / 

Me little  worm  came  and  touched  one  of  thefe 
branches : it  prefently  twitted  itfelf  about  the  worm, 
and  by  contracting  itfelf,  brought  it  to  the  upper  ex- 
tremity of  the  ftalk.  There  I perceived  a fmall  aper- 
ture, which  enlarged  itfelf  in  order  to  receive  the  worm. 
It  was  received  into  a long  cavity  that  enclofes  the 
ftalk:  being  there  diffolved  and  digefted  before  my 
eyes  ; I afterwards  faw  the  remainder  go  out  again  at 
the  fame  opening. 

The  next  moment,  this  fingular  production  fepa- 
rated  itfelf  from  the  plant,  and  began  to  walk.  The 
branches  after  having  performed  the  office  of  arms 
are  likewife  employed  by  it  inftead  of  legs. 

• ~ » - ■ • . i <•  y * 

After  having  made  . thefe  obfervations,  I could  not 
help  acknowledging,  that  what  I took  for  a parafite 
plant,  was  a real  animal.  I then  took  a view  of  the 
piece  I had  cut  off  from  it,  and  perceived,  to  my  fur- 
prife,  that  it  had  grown,  and  was  become  a complete 
one  like  the  o ther. 

But  my  furprife  was  greatly  increafed,  When  at  the 
end  of  fome  weeks  I found  thefe  animals  were  tranf- 
formed  into  two  fmall  very  bufliy  trees. 

From  the  trunk,  which  I knew  to  be  the  body  of 
the  animal,  Iprung  feveral  branches  on  all  fides  of  it ; 
from  thefe  branches,1  fmaller  ones  fprouted  forth,  and 
from  thofe,  fmaller  (bill.  They  all  move  different  ways, 
and  ftretch  out  their  branches,  while  the  trunk  con- 
tinues fixed  to  a prop.  This  furprifing  affemblage 
forms  only  one  entire  body;  and  the  nourifliment  it 
receives  by  one  of  its  parts,  is  fucceffively  communi- 
cated to  all  the  reft.  In  fhort,  this  collection  of  bo- 
dies divides  itfelf ; each  piece  feparates  itfelf  from  the 
others,  and  lives  diftinCtly  from  them. 

Amazed  at  thefe  wonders,  I part  one  of  thefe  ani- 
mals . 
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mal's  length-wife,  about  the  middle  of  the  body , I afn" 
prefently  in  poffefllon  of  a monfter  with  two  heads. 

I repeat  the  operation  a great  many  f^mes  on  the 
fame  fubjeft,  and  by  this  means  I giv:  birth  to  a~ 
hydra,  more  aftonifhing  than  that  of  Lerna. 

I part  feveral  of  thefe  animals  tranfverfely,  and  lay 
the  Separated  pieces  end  to  end.  They  graft  or  unite 
themfelves  to  each  other,  ..and  comppfe  only  one  en  - 
tire animal.* 

To  this  prodigy  Tfind  a new  one  fucceed.-  I turn  ^ 
one  of  thefe  infedls,  as  wp  do  a glove,  putting  the  out-  - 
fide  within,  and  vice  verfa.  - He  does  not  fuffer'  the 
lead  alteration  from  that:  he  lives,  grows,  and  mul-  - 
tiplies. 

Thefe  animals  ' which  multiply  by  flips  and  (hoots*  * 
that  we  engraft  and  turn  infide  out,  are  polypus's. 

They  are  of  very  different  fpecies.  Many  of  them  J 
never  Ihift  their  place.  Some  divide  themfelves  length- 
wife,  and  ;thus  make  very  pretty,  nofegays,  -5  whofe  - 
flbwers  are  in  clutters.  • 

- «.  _ » • - j 

11.  There  is  a wonderful  variety  in  the  conftrudHon  3 
of  animal  machines.  There  are  fome  whofe  number  * 
of  parts  is  very  fmall  ) * others  on  the  contrary,  are  * 
very  much  compounded.  In  fome1  there  are  only  two  * 
or  three  pieces  alike;  others  * exhibit  to  ;us  a much 
greater  number,  ln-fhort,  the  fame  parts  are  diffe-  * 
rently  difpofed  or  combined  in  different  machines. 

The  perfection  of  the  machines  in  nature  confuts,  as  * 

' in  thofe  of  art,  the  number  of  parts,  and  diverfitjr  " 
of  effedls.  That  is  accounted  the  moft  perfedt,  which, 
with  the  fmalleft  number  of  parts,  produces  the  great-  - 
eft  variety  of  effedts. 

But  there  is,  with  refpedt  to  ourfelves,  a cenfidera-  * 
ble  difference  between  the  natural-  and  artificial  ma- 
chines ; for  whereas  we  may  judge  of  thefe  by  an  ex- 
z6t  comparifon  of  their  ftrength  and  proddee,  we  can  * 
only  form  our  opinion  of  • the  others  by  their  oonfe-  - 
quences. 

v . 1 i ! ' \ ' ■ }'<  ’ • ? » *-  rf.s  •.  ■ . y 

After  this  manner  we  are  enabled  to  judge  of  the' 

I ‘3-  ' perfection  i 
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perfeftion  of  the  human  body,  from  the  diverfity  and 
extent  of  the  operations  of  man,  rather  than  from  an 
infpedtion  of  his  organs,  of  which  we  have  only  a par- 
tial view.  And.  if  corporeal  perfedlion  correfponds 
with  fpiritual,  as  there  is  reafon  to  believe  it  does,  man, 
as  he  is  fuperior  to  other  animals  by  underftanding,  fo 
he  likewife  is  by  organization.  Whence  we  may  infer, 
that  thofe  animals  whofe  ftructure  moft  nearly  refem- 
bles  that  of  men,  ought  to  be  confidered  as  the  moft  ' 
elevated  in  the  lcale. 

♦ * — . 

12,  Of  all  animals  that  are  known  to  us,  the  polypus 

is  one  whofe  ftru&ure  feems  fo  be  the  moft  fimple,  and 
to  come  neareft  that  of  plants.  This  extraordinary 
animal  feems  to  confiit  altogether  of  ftomach.  His 
body  and  arms  are  compofed  of  one  and  the  fame 
bowel,  whole  composition  is  perfectly  uniform.  The 
beft  microfcopes  only  difcover  in  them  an  infinite  num- 
ber of  fmall  grains,  which  are  tinged  with  the  nou- 
rilbment  .the  animal  feeds  upon. 

Can  thefe  grains  be  fo  many  utricles?  Can  they  re- 
ceive the^aliment  by  immediate  conduits,  prepare  it 
and  tranfmit  it  to  other  veiTels  appointed  to  convey  it 
into  the  channels  of  circulation  ? Is  there  a circular 
tion  in  the  polypus? 

The  different  kinds  of  veffels  which  the  firft  conjec- 
ture fuppofes,  and  which  their  finenefs  or  tranfparency 
may  render  invifibie  to  us,  muft  be  lodged  in  the  thick 
part  of  the  texture  of  the  polypus.  We  are  induced 
to  think  fo  from  the  experiment  of  turning  it  infide 
out,  which  being  effected,  does  not  caufe  any  change 

in  the  vital  functions. 

. - * N . / 

•*  - . * . -*  • < ■ 

But  of  what  fervice  can  that  property  be  to  the  po- 
lypus, which  it  cannot  make  life  of  without  the  affif- 
, tance  of  man?  I mean  the  operation  of  turning  the 
infide  outwards.. 

I anfwer,  that  this  property  is  one  of  the  confe- 
quences  of  an  organization  peculiarly  neceffary  to  the 
polypus.  The  Author  of  nature  never  intended  to 
create  an  animal  capable  of  being  turfied  as  we  do  a 
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glove  : but  he  defigned  to  form  an  animal  whofe  prirv 
eipal  vifcera  were  lodged  In  the  thickeft  part  of  the' 
lkin,  and  which  had  power  In  a certain  degree  to  ef- 
cape  various  accidents  to  v which  the  nature  of  its  life 
unavoidably  expofed  it.  Now,  what  naturally  follows 
from  this  organization  is,  the  Joeing  enabled  to  endure J 
this  ftiifting  without  occafioning  its  death. 

13.  Thofe  animals  whofe  ftrudure  appears  lefs  fim-- 
pie  than  that  of  the  polypus,  multiply  like  him  by 
Hips.  - « 

Theft  worms  have  a ftomach,  inteftines,  heart,  ar- 
teries, veins,  lungs,  and  organs  of  generation.  If 
we  look  narrowly  into  the  circulation  of  their  bloody 
we  fhall  perceive  its  continuance  with  the  fame  regu- 
larity in  all  thofe  parts  which  have  been  Separated  fronts 
the  reft  by  cutting. 

Thefe  worms  bring  us  to  treat  of  infeds.- 

' 14.  Here  we  are  introduced  into  a kingdom  of  ani- 
mals, the  moft  extenftve  and  diverfified  of  any  on  the  ' 
furfaceof  the  globe.  That  proving  of  this  vaft  empire 
which  is  feen  on  the  furface  of  vegetables,  is  fufficient 
of  itfelf  to  attrad  the  curiofity  of  a traveller,  either 
from  the  prodigious  number  of  its  inhabitants,  or  the 
iiqgularity  and  diversity  of  their  forms. - 

Theft  are  pigmies,  the  greateft  part  of  which  are  * 
ft  minute,  as  not  to  be  diftindly  feen  without  the  help 
of  a microfcope.  They  bear  the  general  name  of  in- 
feds,  and  this  name  was  given  to  them  on  account  of 
the  incifions  of  various  depths,  by  which  the  bodies- 
©f  feveral  of  them  are  divided;^ 

t /.  % . . . r • . . ^ ^ . 

.♦  * v ‘r'r  ~ 4 ^ . \ 

The  charader  which  feems  effentially  to  diftinguiftu 
infeds  from  other  animals  is,  that  they  have  no  bones.^ 
The  analogous  parts  with  which  fome  fpecies  of  them 
are  provided,  are  placed  on  theoutfide  of  their  bodies, 
whereas  in  other  animals  the  bones  are  always  on  the 
infide.- 

£i fer 


t 


( 201  ) t 

Life,  in  infers,  does  not  refult  from  a mechanifm 
as  compounded,  as  in  the  animals  of  a larger  fize.  In 
them,  the  number  of  different  kinds  of  organs  is 
fmaller  : but  fome  of  thefe  organs  feem  more  multi- 
plied. 

I v ^ 

•*■/*.  ..  : ' - « ‘ • i ' - \ “ V ; - ? ; 

Confklered  in  their  exterior  form,,  infedls  may  be 
divided  into  two  daffies.  The  fir  ft  comprehends  infe&s 
improperly  fo  called,  whofe  body  is  continued ; thefe 
bear  the  general  name  of  worms.  The  fecond  clafs 
comprehends  infects  properly  fo  termed,  whofe  body 
is  divided  by  certain  incifions  or  contradlions. 

In  the  greater  part  of  irtfe&s  of  this  clafs,  the  inci- 
fions feparate  the  body  into  three  principal  parts,  the 
head,  the  ftomach,  the-  belly : this  divifion  has  a re- 
lation to  that  obferved  in  great  animals.  Some  of  the 
infedts  of  the  firft  clafs  are  without  legs : others  are 
fumifhed  with  them.  All  the  infedls  of  the  fecond 
clafs  have  legs ; but  fome  are  winged,  others  not. 

* There  is  fuch  a diverfity  in  infedts,  that  it  may  be 
queftioned  if  there  is  not  united  in  them  every  variety 
to  be  met  with  throughout  the  animal  world.  . And 
what  renders  this  variety  ftill  more  furprifing  is,  that, 
it  does  not  extend  merely  to  the  whole  fpecies,  but 
likewife  to  individuals.  The  fame  infedt  has  at  one 
time  organs  that  are  not  to  be  found  in  him  at  another. 
The  fame  individual  which  in  his  youth  belonged  to 
the  firft  clafs,  in  a more  advanced  age  takes  up  his 
rank  in  the  fecond.  From  thence  arife  the  difficulties 
attending  a proper  diftribution  of  thefe  little  animals. 

~~  ’ ; i 

15.  The  bodies  of  almoft  all  infers  are  formed  of 
a collection  of  rings,  fet  in  each  other,  which  by  con- 
tracting or  dilating,  lengthening  or  fhortening,  con- 
tribute to  all  the  motions  of  the  animal.  . 

The  head,  in  many  fpecies  changes  its  form  in  an 
inftant.  It  contracts  and  dilates  itfelf,  lengthens  and 
(hortens,  appears  and  difappears,  at  the  pleafyre  of 
the  infeCt.  The  flexibility  of  its  folds  enables  it  to 
make  thefe  motions.  In  other  fpecies,  the  head  is  in 

one, 
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one  conftant  pofition,  and  bears  a greater  refemblance 
to  that  of  the  larger  animals,  by  the  hardnefs  of  its 
covering,  which  is  fcaly. 

The  mouth  is  fometimes  difcovered  to  be  a fimple  cir- 
cular aperture : but  it  is  generally  fumifhed  with  hooks, 
Qr  a kind  of  pick-ax ; with  teeth,  or  two  indented  ftiells 
which  they  move  horizontally ; with  a trunk,  a very 
compadt  inftrument,  which  ferves  to  extradt  and  liquefy, 
and  raife  up  alimentary  juice ; or  with  a tting,  which 
is  an  organ  analogous  to  the  trunk,  and  endued  with 
the  fame  eflential  fundlions. 

- Several  fpecies  have  two  of  thofe  instruments  united 
in  them,  fometimes  the  teeth  and  the  trunk,  and  fome- 
times  the  trunk  and  the  fling.  Many  fpecies  of  infedts 
are  deprived  of  the  ufe  of  fight.  With  them  the  feel- 
ing or  fome  other  fenfe,  fupplies  the  defedt  of  eyes. 

* V 

• The  eyes  of  infedts  are  of  two  kinds ; the  fmooth 
ones  are  always  few  in  number ; the  rough  commonly 
amount  to  feveral  thoufands,  and  are  fixed  on  the  fides 
of  the  head,  in  the  form  of  two  femicircular  mafles. 
In  both  of  them  they  are  utterly  immoveable ; and 
their  number  compenfates  in  fome  meafure  the  want 
of  mobility:  it  is  therefore  lefs  a mark  of  perfedtion 
than  of  imperfedtion.  Many  fpecies  have  at  the  fame 
time  two  fmooth  ejes  and  two  rough  ones. 

Hearing  feems  to  be  denied  to  infedts  : at  leaft  the 
exiftence  of  this  fenfe  in  them  is  very  doubtful. 

The  cafe  is  not  the  fame  with  refpedt  to  fmelling. 

Divers  infedts  have  it  in  an  exquifite  manner,  but  the 

feat*  of  it  is  not  known.  May  it  not  be  fituate  in  thofe 

two  moveable  horns  called  the  antennae,  whofe  ufe 

we  are  vet  unacquainted  with  ? 

• * 


The  legs  of  infedts  are  fcaly  and  membranous.  Thofe 
are  moved  by  the  affiftance  of  divers  articulations* 
while  thefe,  which  are  more  pliable,  are  turned  every 
way  without  difficulty.  Thefe  two  forts  of  legs  are 
often  united  in  the  fame  worm.  Some  of  them  have 

feveral 
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feveral  hundred  legs ; but  do  not  on  that  account  walk, 
fafter  than  fuch  as  have  only  fix. 

The  wings,  which  are  two  or  four  in  number,  are’ 
fometimes  formed  of  a fimple  and  more  or  lefs  tranf- 
parent  gauze,  and  fometimes  covered  with  little  fcales- 
differently  figured;  in  fomethey  are  compofed  of  fea-, 
thers,  as  in  birds,  in  others  they  are  covered,  or  eiv  - 
clofed  in  cafes.  In  many  fpecies  the  male  is  winged* 
and  the  female  not. 

On  the  fides  or  extremities  of  the  body  are  little  ovah 
apertures,  flvaped  like  the  ball  of  the  eye,  and  fufcep- 
tible  of  the  fame  motions.  Thefe  are  fo  many  mouths, 
for  the  purpofe  of  refpiration. 

16.  The  interior  part  of  infers  contains  four  prin- 
cipal vifcera  ; the  ipinal  marrow,  the  inteftinal  bag,, 
the  heart  and  the  tracheal  arteries* 

A blakeilh  thread,  which  is  extended*  the  whole- 
length  of  the  belly  from  the  head  to  the  hinder  part*, 
and  knit  together  at  certain  diftances,  is  the  fpinaK 
marrow  of  infers,,  or  the  principal  trunk  of  the-  • 
nerves..  : 

The  knots  placed  from  one  fpace  to  another,  feerm 
fo  many  particular  brains,  appointed  to  diftribute* 
the  nervous  firings  to  the  neighbouring  parts,  from; 
the  adion  of  which  the  feeling  and  motion  proceed. 
The  firft  of  thefe  knots  conftitutes  the  brain,  pro-  ' 
perly  fo  called. 

On  the  medullary  thread  is  placed  the  inteftinal  bag* 
which  is  equal  to  it  in  length.  It  is  a long  gut,  ini 
which  are  contained  the  asfophagus,  the  ftomach,  andi 
inteftines.  ,^,,v ; > 

Along  the  back,  and  parallel  to  the  inteftinal  bag,, 
there  runs  a long  and  thin  veffel  in  which  may  be  per- 
ceived, through  the  Ikin  of  the  infed:,.- alternate  con-* 
tradions  and  dilatations.  This  is  the  heart,  or  that: 
part  which  performs  the  fundions  of  it. 

The  arterial  veflels  Qf  inleds  perfedly  refemble  thofe 

of 
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of  plants.  There  is  in  every  part  of  them  the  fame 
ftrtnfture,  colour,  elafticity,  deftination,  and  difperfion 
through  the  whole  body. 

17.  Worms,  whofe  bodies  are  ^lodged  in  a crufta- 
ceous  or  ftony  pipe,  feem  to  conftitute  the  connexion 
between  infects  and  fhell-fifh. 

There  are  notwith  (landing  fome  (hell  animals,  whole 
ftrufture  with  refpeft  to  its  fimplicity,  feems  to  vie 
with  that  of  the  polypus.  - 

Of  this  number  is  the  pond  mufcle,  wherein  we  can 
difcover  neither  fpinal  marrow,  arteries,  veins,  or 
lungs.  - . 

Does  the  fcale  of  nature  branch  out  as  it  advances  l 
May  infedts  and  (hell-fifh  be  two  parallel  branches  of 
this  great  ftem  ? May  the  frog  and  the  lizard,  which 
bear  fo  near  a refemblance  to  infedts,  be  a ramification 
of  them  ? We  are  not  able  at  prefent  to  anfwer  thefe 
queflions.  . 

Such  is  the  gradation  between  beings,  that  they 
often  differ  from  each  other  by  (lender  ihadowings  ; and 
fuch  is  the  narrownefs  of  our  capacities,  that  none 
but  the  plain  and  more  ftriking  marks  attradt  our  no- 
' tice. 

. * ' S' 

18.  The  agreeable  diverfity  in  the  figures  of  (hells* 
helps  us  to  judge  of  the  variety  fubfifting  in  the  orga- 
nization of  thofe  animals  who  are  the  inhabitants  and 
architedts  of  them.  Some  confift  of  one  entire  piece; 
others  of  two  or  more.  Some  are  formed  in  imitation 
of  a trumpet,  a fcrew,  a tiara,  a dial.  Others  refera- 
ble a helmet,  a club,  a fpider,  a comb.  In  this,  it  is 
a kind  of  flefhy  cafe;  in  another  it  is  a (hip,  wherein 
the  failor  is  at  the  fame  time  rudder,  maft,  and  fail. 

Animals  that  have  (hells,  and  infedts  with  fcales* 
feem  to  have  an  affinity  to  each  other  by  a common 
charadter ; both  of  them  have  their  bones  placed  on 
the  outfide.  We  may  in  effedt  confider  the  fliell  as  the 
bone  of  the  animal  which  occupies  it ; fince  he  brings  it 
into  the  world  with  him,  and  adheres  to  it  by  different 
xnufcles. 

But 


V 


I 


( 208  ) ' 

But  it  is  certain,  mod  (hells  are  formed  of  the  fton^r 
juices,  which  tranfude  from  the  pores  of  the  animal. 

The  bones,  as  well  as  the  (hells  of  infers,  grow  and* 
are  nourilhed  by  velfels  which  pafs  through  their  fub— 
(fance. 

• f 

Shell-fifh  form  two  great  families,  that  of  the  con— 
chse,  or  larger  kind,  whofe  (hell  is  made  up  of  two  or 
. feveral  pieces;  and  that  of ' fnails,  whofe  (hell  confifts 
of  one  fingle  piece,  turned  for  the  mod  part  fpirally*  > 

The  ftru&ure  of  the  firft  feems  much  more  fimple  * 
than  that' of  the  Lift.  The  conehae  have  neither  head; 
horns,  nor  jaws ; one  can  only  obferve  in  them  air-e  - 
vents, a mouth,  an  anus,  and  fometimes  a fort  of  foot. 
The  greateft  part  of  fnails,  on  the  contrary,  have  a : 
head,  horns,  eyes,  a mouth,  an  anus,  and  a foot.  The 
round  and  flefhy  head  is  at  the  anterior  and  upper  part 
of  the  animal.  It  contains  a brain,  compofed  of  two? 
little  globes,  whofe  apparatus  is  of  fuch  a moveable  - 
nature,  that  it  is  trans*  \'red  from  the  hinder  to  the' 
fore  part  at  the  pleafure  of  the  fnail.  The  horns,  which' 
are  Jtwo  or  four  in  number,  placed  on  the  fides  of  the  * 
head,  are  a kind  of  pipes,  fufceptible  of  various  mo- 
tions, and  which’ the  animal  can  draw  into  his  head^-  » 
by  the  help  of  a mufcle,  which  the-  Grand  Obferver* 
has  ordained  to  perform  the  fun&ions  of  the  optic  nerve. 

In  fome  fpecies  of  fnails  the  eyes  are  placed  at  the  ex- 
tremity of  the  horns,  as  at  the  end  of  the  (hank  of  a i 
pair  of  fpe&acles.  In  others  at  the  bafe,  or  to  wards 
the  middle.  They  are  black'  and  brilliant,  pretty" 
much  refembling  the  form  of  a veryfmall  onion.  We 
can  only  difcover  their  tunic,  .which  is  called  the  uvea; ; 
but  they  have  the  three  humours  belonging  to  our  eye. 
The  mouth,  which  is  commonly  a fmall  chink,  like 
a furrow,  is  furnifhed  in  many  fpecies  of  them,  with  ; 
two  cartilaginous  jaws  placed  on  each  other,  whofe 
inequalities  or  clefts  perform  the  office  of  teeth,  fome 
fpecies  have  real  teeth,  like  thofe  of  a fea-dog,  which 
are  extremely  fmall. 

The  (hell-filh  that  have  no  jaws,  have  a fleffiy  or 
mufcular  pipe,  which  fupplies  the  place- of  a fnout.  . 

Snails 
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Snails  are  not  provided  with  feet;  but  they  have 
one  foot  of  a particular  make,  which  is  nothing  more 
than  a collection  of  a great  number  of  mufcles,  whofe 
motions  imitate  thofe  of  the  waves  of  the  fea.  A pretty 
thin  membrane  lines  the  infide  of  the  {hell,  and  fome- 
times  the  outfide.  It  is  a kind  of  mantle,  furniftied 
with  trachea  or  air-vents,  which  feparate  the  air  from 
the  water,  at  the  origin  of  which  are  perceived  little 
gills  deftined  to  the  fame  ufes.  The  heart,  which  is 
fituated  near  the  furface  of  the  body,  has  a fenfible  mo- 
tion, whereby  it  rifes  and  falls  alternately.  In  the  con* 
ehas  it  is  underneath  the  ftomach. 

19.  Animals  with  (hells  bear  an  affinity  to  fifties. 
Reptiles  feem  to  take  place  between  or  next  to  them*, 
being  united  to  (helled  animals  by  the  (lug,  and  to 
the  fifties  by  the  water-ferpent. 

✓ 

In  reptiles,  animal  perfection  begins  to  mcreafe  life 
a fenfible  manner.  The  number  of  their  organs,  their 
conformation  and  exercife,  give  them  on  this  account* 
a greater  analogy  with  the  mechanifm  of  thofe  animals 
we  efteem  the  moft  perfect.  The  organs  of  vifion* 
hearing,  and  circulation,  furnifh  examples  fufficient  to 
indicate  this.  This  analogy  is  augmented  in  fifties. 

i \ . , 

The  eel  by  its  formation,  and  creeping  fifhes  by 
their  method  of -moving,  conned  fifhes  with  the  wa- 
ter-ferpent. 

20.  Fifh  like  reptiles  are  for  the  mod  part  covered 
with  fcales,  whofe  figure  and  rich  colours  help  to  make 
a diftindion  between  the  fpecies. 

— € 

There  is  a great  variety  in  the  form  of  fifties.  Some 
are  long  and  (lender  ; others  are  broad  and  ftiort.  We 
fee  among  them  flat,  cylindrical,  triangular,  fquare, 
and  circular  ones.  Some  are  armed  with  a great  horn. 
Others  wear  a long  fword,  or  a kind  of  fa^.  A third* 
fort  are  furniflied  with  pipes,  through  which  they 
throw  out  the  remainder  of  the  water  they  have  fwal- 
lowed.  Wings  are  to  birds  of  the  fame  ufe  as  fins  to 

fifties. 
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fifiies.  Som£  have  two  or  three ; others  have  a greater 
number.  The  head  of  fifhes,  like  that  of  reptiles,  is  joined 
clofe  to  the  body.  The  mouth,  which  is  commonly  fur- 
nifhed  with  two  or  more  rows  of  teeth,  is  fometimes 
placed  on  the  back,  as  are  the  eyes.  The  lungs  which  are 
formed  of  feveral  blades  or  vafcular  leaves,  are  often 
placed  at  the  furface  of  the  body.  They  are  known 
by  the  name  of  gills.  But  let  us  avoid  anatomical 
defcriptions,  which  would  carry  us  too  far.  We  (hall 
now  confine  ourfelves  to  fome  of  the  principal  varie- 
ties, and  to  the  fources  of  thofe  relations  that  are  more 
linking. 

. 21.  I fee  the  flying  fifh  dart  itfelf  into  the  air  from 
the  bottom  of  die  water,  having  fins  refembling  the 
wings  of  a bat.#  Herein  it  has  an  affinity  to  birds. 
But  1 fee  a great  animal  advancing  towards  the  fea- 
fhore,  having  a head  and  fore-part  like  a lion,  and  the 
hind-part  refembling  that  of  a fifh.  It  has  no  fcales  t 
and  is  borne  on  two  paws  that  have  toes  with  fins  to  i 
them,  >Tis  called  the  fea-lion.  He  is  followed  by  the  * 
fea-calf,  sind  the  hippopotamus  or  fea-horfe,  and  by 
all  in  general  of  the  cetaceous  kind*  The  crocodile 
and  tortoife  prefent  themfelves  to  my  view  in  their  . 
turn  ; and  I now  find  myfelf  among  quadrupeds. 
Without  prefuming  to  account  for  the  ways  of  nature, 
we  will  at  prefent  place  birds  between  fiihes  and  four- 
footed  animals.  In  this  order  aquatic  birds  are  ranged 
immediately  under  the  flying  filh.  Amphibious  birds*, 
or  fuch  as  live  both  on  land  and  in  the  water,  will  occu- 
py the  fcale  next  in  courfe,  and  by  this  means  open 
a communication  between  the  terreflrial,  aquatic,  and- 
aerial  regions. 


To  this  new  manfion  there  is  added  a new  decora- 
tion. To  fcales  fucceedTeathers,  which  are  clofer  com- 
pared and  more  varied  : a bill  takes  place  of  teeth  i 
wings  and  feet  are  to  them  inftead  of  fins : lungs 
formed  within,  and  a different  ftru&ure,  caufe  the 
gills  to  difappear : a melodious  fong  follows  a pro- 
found filence.  . Between  the  cormorant  and  fwallow*, 
the  partridge  and  vulture,  the  humming  bird  and 
oftrich,  the  owl  and  peacock,  the  raven  and  nightin- 
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gale,  what  a furprifing  variety  is  there  of  ftruCiure, 
proportion,  colour,  and  fong  ! 

22.  Hairy  birds  having  projecting  ears,  a mouth 
furniftied  with  teeth,  and  whofe  body  is  carried  on 
four  paws  armed  with  claws,  are  they  birds  in  reality  ? 
Are  quadrupeds,  that  fly  by  the  affiftance  of  great 
membranous  wings,  really  fuch  ? The  bat  and  flying- 
fquirrel  are  thefe  ftrange  animals,  which  are  fo  proper 
for  eftabltfhing  the  gradation  that  fubfifts  between  all 
the  productions  of  nature.  ~ The  oftrich  with  the  feet 
of  a goat,  which  rather  runs  than  flies,  feeitis  to  be 
another  link  which  unites  birds  to  quadrupeds. 

- r*'  * * 

The  clafs  of  quadrupeds  is  not  inferior  in  variety 
to  that  of  birds.  Thefe  are  two  perfpfcCtives  of  a dif- 
ferent tafle,  but  which  have  fome  analogous  points  of 
view.  Carnivorous  quadrupeds  anfwer  to  birds  of 
prey.  Quadrupeds  that  live  on  herbs  or  feeds,  anfwer 
to  birds  that  feed  on  the  fame  kind  of  aliment.  The 
fcreech-owl  among  birds  is  the  fame  as  the  cat  among 
four-footed  animals.  The  beaver  feems  anfwerable  to 
the  duck.  Quaprupeds  may  be  divided  into  two  prin- 
cipal clafles.  The  firft  comprehends  quadrupeds _with 
a folid  foot.  The  fecond  comprizes  quadrupeds  whole 
feet  are  furniflied  with  claws  or  toes.  Amongft  qua«r 
drupeds  of  the  firft  clafs,  from  the  flag  to  the  bog, 
and  thofe  of  the  fecond,  from  the  lion  to  the  moufe, 
what  a diverfity  of  models,  fizes,  and  motions,  do  we 
obferve!  \ 

By  what  degrees  does  nature  raife  herfelf  up  to 
man  ? 

How  will  (he  rectify  this  head  that  is  always  inclined 
towards  the  earth  ? How  change  thefe  paws  into  flexi- 
ble arms  ? What  method  will  fhe  make  ufe  of  to  tranf— 
form  thefe  crooked  feet  into  fupple  and  fkilful  hands  ? 
Or  how  will  {he  widen  and  extend  this  contracted  fto- 
mach' ! In  what  manner  will  (he  place  the  breads,  and 
give  them  a roundnefs  fuitable  to  them  ? 

The  ape  is  this  rough  draught  of  man:  this  rude 
fketch  ; an  imperfect  reprefen  tat  ion,  which  neverthe- 
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lefs  bears  a refemblance  to  him,  and  is  the  laft  creature' 
thatferves  to  difplay  the  admirable  progreffion  of  the-' 
works  of  God ! 


G II  A P.  IV... 


Continuation  of  the  gradual’ Progression  of 

Beings 


• s ' » 

f.  p HE  relations  which  the  plant  bears  to  thole 
JL  beings  that  furround  it,  and  from  whence  it 
derives  its  fubfiftence,  are  purely  corporeal,  or  com- 
prehended entirely  within  the  fphere  of  the  properties 
of  bodies*  The  animal,  which  is  more  excellent,  is 
allied  to  nature  by  other  connections,  and  by  fuch  as 
are  of  a more  exalted  kind.  Like  the  plant,  it  vege- 
tates : like  her,  it  receives  that  nourilhment  from  with** 
out,  which  promotes  the  growth  of  it ; and,  like  her, ; 
k multiplies.  But  to  thofe  different  actions,  are  fuper-- 
added  feeling,  or  the  perception  of'  what  paffes  within' 
him.  This  fenfe  of:  feeling  is  connected  with  feverat 
others,  which  are  produced  various  ways,  and  they/ 
are  all  accompanied  either  with  pleafure  or  pain.  - 

Agreeable  fenfations  inform  the  animal  of  the  rela-* 
rions  which  certain  bodies  have  to  its  prefervation  or 
welfare : difagreeable  or  painful  fenfations  advertife 
him  of  qualities  which,  are  hurtful.  He  is  then  the^ 
centre  to  which  divers  objects  are  directed : he  draws* 
near  fome,  and  keeps  at  a diftance  from  others.  The^ 
nerves,  or  that  clufter  of*  fmall  fibres  which  extendi 
themfelves  from  the  brain  to  all  parts,  like  fmall  cords,- 
cohftitute  the  immediate,  organ  of/ feeling. 

2.  Does. 
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”2.  Does  fpiritual  perfection  always  anfwer  to  cor- 
•poreal  in  animals  ? If  this  be  true,  how  comes  it  to 
pafs,  that  the  fimple  oftrich  appears  inferior  in  point 
of  underftanding  to  the  lion  pifmire,  which  is  placed 
fo  much  beneath  it  in  refpedt  to  ftrudture  ? 

• Let  us  not  mi  (lake.  The  marks  of  underftanding 
. exhibited  to  us  in  fome  infefts  are  furprifing,  inafmuch 
as  we  do  not  expedt  to  meet  with  them  in  tnofe  animals 
we  fcarce  think  capable  of  feeling.  Our  imagination 
is  warmed,  and  we  aferibe  to  thole  infedts  more  genius 
.than  they  really  have. 

* • ; *"  . ' 1 'y- 

■ - s , - / 

On  the  contrary,  we  form  high  expectations  from 
larger  animals ; fo  that  we  are  very  apt  to  degrade 
them,  as  foon  as  we  perceive  they  fall  beneath  the  idea 
we  entertained  of  them.  There  are  fome  however, 
wh%fe  mind  does  not  difplay  itfelf  by  ftriking  marks, 
•but  by  a great  number  of  lefs  fenftbleones,  which,  be- 
ing united,  form  a degree  of  underftanding  fuperiorto 
that  of  the  moft  induftrious  infect.  Such,  without 
doubt,  would  appear  to  be  the  cafe  of  the  oftrich, 
were  (he  better  obferved.  We  reproach  her,  with  in- 
difference towards  her  eggs.  It  is  affirmed,  that  fhe 
leaves  the  care  of  hatching  them  to  the  fun.  This  re- 
proach is  turned  in^o  a commendation,  with  regard  to 
the  oftriches  of  Senegal,  fimee  an  exact  obferver  has 
beftowed  on  them  the  attention  they  require.  In 
thefe  fcorching  climates,  the  fun  fufficiently  heats  in 
the  day-time,  an  oftrich’s  eggs  that  are  hid  in  the  fand. 
The  warmth  of  the  mother  would  be  then  unneceflary, 
or  even  hurtful  to  them : flie  would  keep  the  fun 
from  them,  whofe  rays  are  more  active  and  efficacious* 
But  the  nights  in  Senegal  are  very  cool : and  the  eggs 
would  be  in  danger  of  growing  cold.  Then  the  mother 
never  fails  to  procure  them  heat,  by  fitting  upon 
them,  during  that  time.  „ 

* t „ \ - . . " , ’ .%  V • - " • 

At  the  Cape  of  Good  Hope,  where  it  is  not  fo  hot 
as  at  Senegal,  the  oftrich  fits  night  and  day,  like  other 
birds.  The  young  ones  peck  in  a few  hours  after  they 
are  hatched  ; but  they  are  not  able  to  walk  till  feveral 

day* 
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days  afterwards  : the  dam  takes  care  to  place  near 
them  fuch  food  as  is  proper  for  them. 

Laftly,  it  is  to  be  remarked,  that  there  is  a kind  of 
fociety  among  large  animals.  Their  memory  retains 
faithfully  a certain  number  of  figns  and  founds.  Their 
foul  is  affeded  by  a variety  of  perceptions  : fight  and 
hearing  alone  furnifh  an  abundant  fource  to  them.  In- 
feds  afford  us  but  very  imperfed  images  of  this.  The 
lion  pifmire  is  ignorant  of  every  thing  but  the  fnare  he 
has  laid,  and  the  prey  be  expeds  in  confequence  of  it. 

His  eyes,  which  are  motionlefs  and  unmeaning,  dif- 
fer widely  from  ours ; nor  is  he  affeded  by  gny  found.  jj 

3.  Thofe  are  undoubtedly  the  moft  perfed  animals, 

.whofe  fphere  of  underftanding  extends  to  the  greateft 
number  of  objeds.  Thefe  are  various  in  their  operations, 
canfhift  about,  and  compafs  their  ends  by  different  ways. 

The  polypus  only  knows  how  to  lengthen  and  con- 
trad  his  arms.  The  fpider  fpreads  a net  with  a geo- 
metrical regularity.  The  falcon  and  dog  purfue  their 
prey  with  fagacity.  The  ape  prefumes  to  imitate  man. 

' -v 

Has  God  created  as  many  fpecies  of  foills  as  of  ani-* 
anals  ? Oris  there  only  one  fpecies  of  foul  in  animals, 
differently  modified  according  to  the  diverfity  of  orga- 
nization i This  queftion  is  abfolutely  impenetrable  by 
us.  All  we  can  fay  concerning  it,  is  this  : if  God, 
who  has  always  adted  by  the  moft  fimple  means,  has 
thought  proper  to  vary  the  fpiritual  perfe&ion  of  ani- 
mals merely  by  organization,  his  wifdom  has  fo  or- 
dained  it,  . ^ ^ ; J 

, _ r ■ - - ; 

4.  At  the  fummit  of  the  fcale  of  our  globe  is  placed 
man,  the  mafter-piece  of  the  earthly  creation. 

Not  to  dwell  on  the  excellent  conffrudion  of  his  bo- 
dy, let  us  confider  man  as  an  intelligent  being.  Man  1 

is  endued  with  reafon  ; he  has  ideas ; he  compares 
thefe  ideas  together  ; judges  of  their  relations  or  oppo- 
fitions  ; and  ads  in  confequence  of  this  judgment.  He 
Alone,  of  all  animals,  enjoys  the  gift  of  fpeech ; he 
clothes  his  ideas  with  fuch  figns  as  he  thinks  proper  ; 

• and 
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and  by  this  admirable  prerogative  he  forms  a connec- 
tion between  them,  which  renders  his  imagination  and 
memory  an  ineftimable  fund  of  knowledge.  By  this 
means  man  communicates  his  thoughts,  and-  brings 
all  hi$  faculties  to  a ftate  of  perfection  : by  this  he  at- 
tains to  all  arts  and  fciences  : and  by  means  of  this,  all 
nature  is  fubjeCt  to  him. 

Sometimes,  with  a ftrong  and  harmonious  voice,  he 
celebrates,  in  a poem,  the  virtues  of  a hero.  At  others, 
by  a ftroke  of  the  pencil,  he  changes  a dull  canvas  in* 
to  a charming  perfpeCtive.  Here  we  fee  him,  with  the 
chiflel  and  graver  in  his  hand,  animating  the  marble, 
and  giving  life  to  brafs.  There,  with  the  plummet 
and  fquare,  erefting  a magnificent  palace.  Now  we 
behold  him,  by  a microfcope  of  his  own  invention,  dif- 
covering  new  worlds  amidft  invifible  atoms,  or  pene- 
trating the  fecret  exercife  and  motion  of  a particular 
organ.  At  other  times,  by  changing  this  microfcope 
into  a telefcope,  he  pierces  into  the  heavens,  and  con- 
templates faturn  and  his  moons.  Returning  home,  he 
prefcribes  laws  to  the  celeftial  bodies,  defcribes  their 
paths,  meafures  the  earth,  and  weighs  the  fun.  Af- 
terwards he -dives  into  the  nature  of  beings,  examines 
their  relations,  and  the  admirable  harmony  refulting 
from  them,  and  by  an  attentive  view  of  their  various 
perfections,  he  fees  an  immenfe  chain  formed,'  com- 
prehending the  whole.  ^ 

' In  another  Ration,  man  is  occupied  in  fuch  arts  as 
contribute  to  the  fupply  of  his  neceflitiesj  or  conveni- 
ences. His  reafon  condefcends  to  every  tiling.  The 
earth,  cultivated  by  his  care,  teems  every  year  with 
new  productions.  Hemp  and  flax  diveft  themfelves  of 
their  bark  to  fumifh  him  with  clothing.  , The  fheep, 
abandons  for  his  ufe  his  rich  fleece,  and  the  filk-worm 
fpins  for  him  her  precious  woof.  The  yielding  metal 
. is  moulded  in  his  hands.  The  ftone  foftens  in  his  fin- 
gers. The  largeft  and  ftrongeft  trees  fall  at  his  feet, 
and  receive  from  him  a new  being.  All  the  animals  are 
fubjeCt  to  his  laws  ; even  the  fierceft  of  them  infult  not 
his  crown  with  impunity.  He  makes  fome  ferve  for 
. 7 * " - • / food  j 
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food } others  he  harneffes  to  his  chariot ; and  others 
he  condemns  to  till  his  lands.  Many  of  them  he  ap- 
points to  be  his  porters,  hunters,  guards,  and  mufici- 
ans.  In  fhort,  man  plows  his  adventurous  way  acrofs 
the  vaft  ocean,  and  by  navigation  unites  the  two  extre- 
mities of  the  globe. 

\ - ^ -r  , x . ’ 

5.  The  excellence  of  human  reafon  fhines  likewife 
with  a new  luftre,  /from  the  eftablifhment  of  focieties. 
In  them,  virtue,  honour,  fear,  and  intereft,  varioufly 
employed  or  combined,  prove  the  fource  of  peace,  hap- 
pinefs,  and  order.  All  the  individuals,  being  mutu- 
ally interwoven  together,  move  in  a regular  and  har- 
monious manner.  Under  the  fandtion  of  the  laws,  the 
king,  prince,  and  magiftrate,  by  exercifing  a lawful 
authority,  promote  virtue,  fupprefs  vice,  and  fpread 
around  them  the  happieft  effedfcs  of  their  adminiftrati- 
on.  In  fociety,  as  in  a pure  and  fertile  climate,  ta- 
lents of  different  kinds  fpring  up  and  unfold  themfelves. 
From  that,  the  mechanical  and  liberal  arts  flourifh. 
Laftly,  fociety  perfedts  friendfhip,  that  faithful  com- 
panion of  life,  which  adminifters  confolation  in  our. 
fufferings,  and  gives  a relifh  to  our  pleafures. 

•m  s * * ) 

6.  The  laft  mark  of  the  greatnefs  of  man,  and  of 
his  high  exaltation  above  other  animals,  is  the  com- 
merce he  has  with  his  Creator  by  religion. 

Wrapped  in  the  thickeft  daiknefs,  the  reft  of  the 
animal  creation  are  ignorant  of  the  hand  that  formed 
them.  They  enjoy  an  exiftence,  but  cannot  trace  the 
Author  of  life.  Man  alone  foars  to  God  the  principle, 
and  proftrate  at  the  foot  of  the  throne  of  the  Almigh- 
ty, adores  with  the  profoundeft  veneration,  and  with 
the  mod  lively  gratitude,  the  ineffable  goodnefs  that 

created  him.  V 

In  confequence  of  thofe  eminent  faculties  wherewith 
man  is  enriched,  God  condefcends  to  reveal  himfelf  to 
him,  and  to  lead  him  as  it  were  by  the  hand  in  the  paths 
of  happinefs.  The  various  laws  he  has  received  from 
the  fupreme  Wifdom,  are  fo  many  lights  placed  at 
proper  diftances,  on  his  road,  to  guide  him  from 'time 
to  eternity. 

Enlightened 
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Enlightened  by  this  celeftial  guide,  man  advance* 
in  the  glorious  race  that  is  fet  before  him,  and  feizes 
the  crown  of  life,  and  adorns  with  it  his  immortal 
brow. 

7.  Such  is  man  in  the  higheft  degree  of  earthly  per- 
fection. But  mankind  have  their  gradations,  as  well 
as  the  other  productions  of  our  globe.  There  is  a pro- 
digious number  of  continued  links  between  the  mod 
perfect  man  and  the  ape. 

If  you  take  a furvey  of  all  nations  of  the  earth ; if. 
you  confider  the  inhabitants  of  the  lame  kingdom,  pro- 
vince, city,  or  town ; nay,  do  but  examine  with  at- 
tention the  members  of  die  fame  family,  and  you  will 
imagine  you  fee  as  many  fpecies  of  men  as  you  difcern 
individuals.  - - 

To  the  Lapland  dwarf,  let  the  giant  of  Madagafcar 
fucceed.  Let  the  flat-faced  African,  with  his  black 
complexion  and  woolly  hair,  give  place  to  the  Euro- 
pean, whofe  regular  features  are  fet  off  by  the  white- 
nefs  of  his  complexion  and  beauty  of  his  hair.  To  the 
filthinefs  of  a Hottentot,  oppofe  the  neatnefs  of  a 
Dutchman.  From  the  cruel  Anriiropophagite  pafs  to 
the  humane  Frenchman.  Place  the  ftupid  Huron  op- 
pofite  the  profound  Englifhman.  Afcend  from  the 
Scotch  peafant  to  the  great  Newton.  Defcend  from  . 
the  harmony  of  Handel  to  the  ruftic  fbngs  of  the  fhep- 
herd.  Put  in  the  fame  fcale  the  lockfmith  conftruCting 
a jack,  and  Vaucanfon  forming  his  automatons.  Rec- 
kon up  the  number  of  fteps  from  the  fmith  that  caufes 
the  anvil  to  groan,  to  Reaumur  anatomizing  fire. 

Do  thefe  varieties  arife  from  any  real  difference  there 
is  between  human  fouls,  independently  on  the  organi- 
zation of  the  body  ? 

We  fhall  n,6t  think  fo,  if  we  pay  a due  attention  to 
health  and  ficknefs,  to  conftitution  and  manner  of  liv- 
ing, to  climate,  and  education.  ' 

You  may  perceive  what  a multitude  of  confequences 
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a mathematician  derives  from  a very  Ample  principle  : 
place  this  fame  principle  in  the  hands  of  a man  of  the 
lower  clafs,  it  will  remain  barren,  and  not  be  produc- 
tive of  the  fmalleft  truth. 

May  not  the  number  of  juft  confequences  which  dif- 
ferent minds  deduce  from  the  fame  principle,  ferve.as 
a foundation  for  conftrudting  a pfychometer  upon; 
and  may  we  not  prefume  that  one  time  or  other  we 
fhall  be  enabled  to  meafure  fpirits  as  we  now  do  bo- 
dies i 


But  the  fcale  of  the  creation  does  not  terminate  at 
man.  Another  univerfe  commences  there,"  whofe  ex- 
tent, perhaps,  compared  to  that  of  this,  is  as  thefpace 
of  the  folar  vortex  to  the  capacity  of  a nut.- 

There  ftiine  the  celeftial  hierarchies,  like  glittering 
liars.  x 

There  from  all  parts  the  angels,  archangels,  fera- 
phim,  cherubim,  thrones,  virtues,  principalities,  do- 
minions, powers,  call  forth  their  radiant  beams. 

In  the  centre  of  thefe  auguft  fpheres,  Ihines  glori- 
oufly  the  fun  of  righteoufnefs,  the  eaft  above,  whence 
all  the  other  ftars  borrow  their  lir^it  and  fplendor. 

Ye  planetary  worlds  ! eeleftial  hierarchies  ! you 
fink  into  annihilation  in  the  prefence  of  the  Lord  : 
your  exiftence  is  by  him  : he  is  that  he  is  : he  alone 
pefleffes  the  plenitude  of  being  : you  enjoy  but  the  re- 
flection of  it.  Your  perfections  are  ftreams  the  infi- 
nitely perfect  being  .is  an  ocean,  an  abyfs,  which  the 
cherubim  prefume  not  to  look  into. 


If  we  enjoy  a very  fenfible  pleafure  on  feeing  collect- 
ed, in  one  place,  the  principal  productions  of  nature, 
how  great  mu$  the  extafy  of  celeftial  fpirits  be,  when' 
they  fiirvey  thofe  worlds  which  God  has.  thick  fown  in 
the  vaft  expanfe,  and  when  they  contemplate  the  imi 
menfity  of  his  works  ! .. 

O ! the  delightful  employment  thofe  fuperior  intelli- 
gences are  exercifed  in,  when  they  compare  the  diffe- 
rent (economies  of  thefe  worlds,  and  weigh  in  the  ba- 
lance of  reafon  each  of  thefe  globes  1 

But  all  celeftial  intelligences,  dpubtlefs  enjoy  not 

thefe 
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thefe  advantages  in  the  fame  degree.  There  may  be 
fome  perhaps  to  whom  is  granted  the  knowledge  of  one 
world  Only : others  may  know  feveral : others  a much 
greater  number. 

How  immenfe  muft  that  Mind  be,  which  beholds., 
with  a Angle  glance  the  fum  of  all  beings,  and  which 
by  fathoming  the  fpirits  of  all  orbs,  difcerns  in  an  in- 
ftant,  and  without  confufion,  the  refult  of  all  the  ideas 
that  have,  do  now,  and  will  hereafter  occupy  them  1 

Ye  inhabitants  of  the  earth,  who  have  received  rea* 
fon  fufficient  to  convince  you  of  the  exiftence  of  thefe 
worlds,  will  you  for  ever  be  denied  entrance  into  them  ? 
Will  the  infinitely  good  Being,  who  fliews  them  to  you 
at  a difiance,  always  refufe  you  admittance  into  them  ! 
No  ; fince  you  are  called  to  refide  ere  long  among  ce- 
leftial  hierarchies,  you  will  like  them  fly  from  planet 
to  planet : you  will  eternally  advance  from  perfection 
to  perfection,  and  every  inftant  of  your  duration  will 
be  diftinguilhed  by  the  acquifition  of  farther  degrees 
of  knowledge.  Whatever  has  been  with-held  from 
your  terreftrial  perfection,  you  will  obtain  undef  this 
ceconomy  of  glory  : “you  will  know  even,  as  you  are 
known.” 

“ Man  is  fown  corruptible,  he  will  rife  incorruptible 
and  glorious  thefe  are  the  words  of  the  apoftle  and 
philofopher  : the  covering  of  the  feed  perilhes  ; die 
germ  fubfifis,  and  aflures  man  of  immortality. 

Man  therefore  is  not  in  himfelf  what  he  appears  to 
be.  What  we  difcover  of  him  here  below  is  only  the 
grofs  foldage  undef  which  he  crawls  on  the  earth,  and 
which  he  muft  ftiortly  caft  off. 

The  brain  is  a fmall  organical  machine,  deftined  to 
receive  the  impreffions  made  on  the  different  parts  of 
the  body,  and  to  tranfmit  them  to  the  foul.  It  is  by 
means  of  this  that  the  foul  aCts  on  various  points  of  the 
body,  and  adheres  to  nature. 

The  extremities  of  all  the  nerves,  radiate  to  the  feat 
°f_  the  foul : it  is  in  fome  meafure  the  centre  of  this  ad- 
mirable collection,  the  threads  of  which  are  fo  nume- 
rous, fine,  delicate,  and  full  of  motion. 

But  the  nerves  are  not  ftretched  like  the  firings  of  an 
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tnftrument  of  mufic.  Animals  that  are  entirely  gluti- 
nous, are  notwithftanding  very  fenfible. 

We  then  admit  there  is  a fluid  in  the  nerves,  whole 
fubtlety  prevents  our  feeing  it  ; and  which  ferves  both  . 
for  the  propagation  of  fenfible  impreffions,  and  muf- 
cular  motion* 

The  inftantaneoufnefs  of  this  propagation,  and  fome 
other  phenomena,  indicate  that  there  is  a certain  ana- 
logy between  the  nervous  fluid-and  fire  or  light. 

We  know  that  all  bodies  are  impregnated  by  fire. 

It  abounds  in  aliment.  It  is  extracted  from  it  by  the 
brain,  from  whence  it  pafles  into  the  nerves. 

The  feat  of  the  foul,  the  immediate  organ  of  feeling 
and  thought,  can  be  no  other  than  a compofition  of 
this  vital  fire.  The  brain  which  we  fee  and  feel,  mud 
therefore  only  be  the  cafe  or  covering  of  the  ethereal 
machine,  which  conftitutes  the  real  feat  of  the  foul. 

It  may  indeed  be  the  germ  of  that  fpiritual  and  glo- 
rious body,  which  revelation  oppofes  to  the  animal  and 
vile. 

The  refurreCtion,  then,  will  only  confift  in  a prodi- 
gioulfy  rapid  unfolding  of  this  germ,  which  lies  hid 
in  the  brain. 

Thefe  fenfes  are  the  foundation  of  thofe  relations 
which  the  animal  body  bears  to  terreftrial  bodies.  The 
feat  of  the  foul,  or  the  little  ethereal  machine  that  con- 
ftitutes  it,  has  parts  correfponding  with  the  grofler 
fenfes,  fince  it  receives  motions  from  thence,  and  tranf- 
mits  them  to  the  foul.  Thefe  parts,  by  the  opening  of 
the  germ,  will  acquire  a degree  of  perfection  incompa- 
table  with  the  prefent  ftate  of  man.  But  this  germ 
may  likewife  contain  within  it  new  fenfes,  which  will 
difclofe  themfelves  at  the  fame  inftant,  and  by  multi- 
. plying  in  an  almoft  infinite  degree  the  relations  of  man 
to  the  univerfe,  will  aggrandize  his  fphere,  and  render 
it  equal  to  that  of  fvperior  intelligences. 

An  organized  body,  formed  of  elements  analogous 
to  thofe  of  light,  will,  we  may  reafonably  fuppofe, 
fland  in  need  of  no  repair.  The  fpiritual  body  will  . 
preferve  itfelf  by  the  mere  energy  of  its  mechanifm. 

And  if  light  or  aether  do  not  gravitate  at  all,  man  in 
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a glorified  fiate  will  be  enabled  to  tranfporf  himfelf  at 
pleafure  into  every  point  of  fpace,  and  will. fly  from 
planet  to  planet,  with  the  fwiftnefs  of  lightning. 

The  fenfes,  as  they  will  then  be  brought  into  fubjeo* 
tion  to  the  foul,  will  no  longer  rule  over  her.  Sepa- 
rated for  ever  froift  flefti  and  blood,  there  will  remain 
in  her  none  of  thofe  earthly  affections  which  rel'ulted; 
from  them.  Tranfported  into  the  regions  of  light,  the 
human  understanding  Will  prefect  no  ideas  to  the  will 
. but  thofe  of  the  higheft  good.  It  will  then  have  no 
other  than  lawful  defires,  and  God  will  be  their  con- 
ftant  and  ultimate  end.  It  will  love  him  from  grati- 
tude ; fear  him  from  a principle  of  love  ; and  will 
adore  him  as  the  fupremely  amiable  being,  and  as  the 
eternal  fource  of  life,  perfection  and  happinefs. 


CHAP,  V.  < 


Of  the  various  Relations  of  terrestrial  Beings * 

. V-  f ' ‘ *i  r *•’  * ’ 

1.  TTTE  have  feen,  that  all  is  relation  in  the  unt- 
V V verfe,  but  we  have  only  hitherto  taken  a 
diftant  view  of  this  fruitful  truth.  We  may  now  ap- 
proach nearer  to  it,  and  beftow  our  attention  on  the 
moft  interefting  particulars.  * 

The  union  of  fouls  to  organized  bodies,  is  the  fource 
of  the  moft  abundant  and  moft  wonderful  harmony 
that  exifts  in  nature.  A fubftance  without  extenfion, 
folidity,  and  form,  is  united  to  an  extended,  fblid,  and 
formed  fubftance.  A fubftance  that  thinks,  and  which 
has  a principle  of  aftion  in  it,  is  united  to  a fubftance 
void  of  thought  and  purely  pafllve.  From  this  fur- 
- prifing  connexion  there  fprings  a reciprocal  commerce 
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between  the  two  fubftances  : a kind  of  adlion  and  re* 

suftion,  which  conftitutes  the  life  of  organized  animat- 
ed beings.  The  nerves,  being  varioufly  agitated  by 
ebjedis,  communicate  their  motions  to  the  brain,  and 
to  thefe  impulfes  the  perceptions  in  the  foul  correfpond, 
which  are  totally  diftindt  from  the  caufe  that  occafions 
them. 

i . * , v * r % 4 **  ‘ ‘ V 

' 1 

The  rays  which  proceed  from  an  objedl  ftrike  my 
optic  nerve,  I have  a perception  that  points  out  to  me 
the  prefence  of  the  objedh  They  affeft  this  nerve  in  a 
violent  manner  : I have  a fenfation  which  I exprefs  by 
the  term  of  pain. 

The  diverfity  of  fenfes  by  which  the  foul  receives  the 
impreffion  of  objedts,  produces  a diverfity  in  her  per- 
ceptions and  fenfations.  The  fentiments  occafioned 
by  the  motion  of  the  nerves  of  fight,  differ  abfolutely 
from  thofe  that  are  produced  by  that  of  the  nerves  of 
hearing.  The  fenfe  of  feeling  has  no  likenefs  to 
that  of  tafte.  Thefe  are  different  modifications  of 
the  foul,  which  correfpond  to  different  qualities  of  the 
objedls. 

But  how  can  the  nerves,  which  do  not  feem  fufcep- 
tible  of  a greater  or  lefs  degree  of  bulk,  length,  com- 
, pofition,  or  tenfion,  or  of  quicker  or  flower  vibrations, 
occafion  in  the  foul  fuch  a prodigious  variety  of  per- 
ceptions as  we  experience  ? is  there  fuch  a relation 
between  the  foul  aftd  the  machine  to  which  it  is  united, 
as  for  certain  perceptions  to  correfpond  continually 
with  the  nerves  of  a determinate  fize,  ftrudlure,  and 
tenfiori  ? Are  there  nerves  appropriated  to  different  - 
corpufcles,  to  the  impreffion  whereof  various  percep- 
tions are  attached  ? Are  the  pyramidal  form  of 
the  papillce  of  the  tafte  and  feeling,  the  winding 
cavities  of  the  ear,  the  different  refrangibilities  of  the 
rays  of  light,  fo  many  proofs  of  the  truth  of  this  ? Be 
that  as  it  may,  we  are  fufficiently  convinced  that  the 
fame  fenfible  fibre  is  not  liable  at  one  and  the  fame 
time  to  a multitude  of  different  impreffions.  But  this 
fibre  is  not  only  deftined  to  tranfmit  to  the  foul  the  im- 
preffion of  the  objedl ; it  muft  alfo  preserve  the  re- 

. ‘ !.  4 - membrance  - 

• * . * • - * 


( 223  ) 

membrance  of  it ; for  a t^houfand  inftances  prove  that 
the  memory  is  connected  with  the  brain : how  then 
can  it  be  imagined  that  the  fame  fibre  fhould  at  once 
retain  a multitude  of  different  determinations  ? Nay* 
how  can  two  fuch  different  fubftances  as  the  foul  and 
body  aft  reciprocally  on  each  other  ? At  this  quefti- 
on  let  us  humbly  caft  our  eyes  downwards,  and  ac-‘ 
knowledge  this  is  one  of  the  great  myfteries  of  the  crea- 
tion, which  we  are  ttot  permitted  to  be  acquainted 
with#  The  various  attempts  that  have  befen  made  by 
the  moft  profound  philofophers,  to  explain  it,  are  fo 
many  monuments  railed  to  convince  us  both  of  the  ex-* 

tent  and  weaknefs  of  the  human  mind. 

* ■'  * * ' * * * * * . 

. < ; ’ • n * ! ;tlr;  ‘ * \ 

2.  The  foul,  being  modified  by  impreffions  more  o t 
lefs  ftrong,  rerafts  in  her  turn  on  the  nervous,  fyfteril* 
maintains  the  motions  there,  and  renders,  them  more 
aftive  or  durable.  From  thence^  arife  the  paffions, 
thpfe  ferret  inclinations,  thofe  reftlefs  appetites,  which 
deftroy  the  equilibrium  of  the  foul,  and  impel  her  to: 
wards  certain  objefts.  Thefe  are  admirable  inftru- 
ments  fet  to  work  by  the  wife  Author  of  our  nature  ; 
which,  like  favourable  winds,  caufe  the  animated  ma- 
chines to  float  on  the  ocean  of  fenfible  objefts ! 

The  re-aftion  of  the  foul  on  the  nervous  fyflem,  feems 
alfb  to  be  the  principal  fource  of  divers  fenfations  we 
experience,  feveral  of  which  come  under  the  denomi-, 
nation  of  inftinft  or  moral  fenfe. 

^ F \ > ? a . , " * , , r • 

Objefts  do  not  ftrike  immediately  on  the  foul.  She 
only  receives  impreffions  by  interpofed  mediums.  The 
fenfes  are  the  mediums,  * The  aftion  of  objefts,  then 
is  modified  by  them  in  a determinate  relation  to  nature* 
or  to  the  conftitution  of  each  medium.  The  aptnefs, 
either  greater  or  lefs,  wherewith  fenfible  fibres  yield  to 
impreffions  from  without,  tranfmit  them  to  the  foul/ 
and  renew  the  remembrance  of  them  there,  together 
with  the  quality,  and  abundance  of  the  humours,  con- 
ftitutes  the  temper.  In  animals,  temper  governs  all. 
In  man,  reafon  regulates  the  temper  : and  the  temper, 
when  under  due  regulation,  facilitates,  in  its  turn,  the 
exercife  of  reafon. 

The 
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The  paflions  receive  nouriftiment,  grow,  and  be- 
come ftrong  like  the  fibres  which  are  the  feat  of  them* 
Learn  then  your  temper,  if  it  be  vicious,  you  are  to 
corredl  it  $ not  to  deftroy  it,  for  you  would  thereby  de- 
ftroy the  machine  itfelf ; but  feilfully  to  divert  its  courfe, 
and  carefully  to  avoid  every  thing  that  may  contribute 
to  add  new  ftrength  to  it,  and  fwell  the  waters  of  fuch 
a dangerous  torrent. 

3.  The  fenfes  are  not  only  intended  to  raife  in  the 
£>ul  perceptions  of  every  kind ; they  likewife  revive 
memory  in  her.  !A  perception  which  is  prefent  to  the 
memory  does  not  eflentially  differ  from  that  which  the 
objeft  excites.  This  produces  perception  by  means  of 
fenfible  fibres  appropriated  to  it,  and  on  which  its  a&i- 
on  is  difplayed.  The  recollection  of  perception  then 
depends  on  a motion  which  operates  in  thefe  fibres,  in- 
dependently of  the  objeCt.  For  whether  the  organ  re- 
ceives its  motion  from  inteftine  caufes,  or  from  the  ob- 
ject, the  effect  is  the  fame  with  regard  to  the  foul,  and 
perception  is  infiantly  prefent  to  her. 

Experience  proves,  that  if  any  feries  of  perceptions 
whatever  affects  the  brain  for  a certain  time,  it  thereby 
contrails  a habit  of  re-producing  it  in  the  fame  order.. 
It  is  likewife  certain  that  this  habit  appertains  to  the 
brain,  and  not  to  the  foul.  A burning  fever,  a ray  of 
the  fun,  or  a violent  commotion  may  deftroy  it,  and 
fuch  caufes  influence  only  the  machine. 

All  perceptions  derive  their  origin  from  the  fenfes, 
and  the  fenfes  tranfmit  to  the  feat  of  the  foul,  the  im* 
preflions  they  receive  from  objects.  But  objects  a Ct  on 
the  organ  by  impulfion  only.  They  imprefs  then  cer-* 
tain  motions  on  the  fenfible  fibres.  So  that  a percepti- 
on, or  a certain  feries  of  perceptions,  are  connected 
with  one  or  divers  motions  which  operate  fucceffively* 
on  different  fibres. 

And  fince  the  reiteration  of  the  fame  motions,  oil  the 
fame  fibres,  effects  in  them  an  habitual  difpofition  to 
produce  them  afrefti  in  a conftant  order,  we  may  infer  _ 
from  thence,  that  the  fenfible  fibres  are  fo  conftruCted 
ns  to  produce  in  them  changes  or  determinations  more 
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or  lefs  durable,  which  conftitute  the  precious  ground- 
work of  the  memory  and  imagination.  ' 

But  the  fenfible  fibres  are  nourifhedlike  all  the  other 
parts  of  the  body  : they  aflimilate  or  incorporate  With 
themelves  alimentary  matter:  they  grow,  and  whilft 
they  receive  nourifliment,  they  continue  to  perform 
their  proper  functions.  So  that  nutrition  conduces  to 
preferve  to  the  fibres  thefe  determinations,  and  caufes 
them  to  take  root  there : for  as  the  fibres  increafe,  they 
acquire  a greater  degree  of  iconfiftence.  We  may 
hence  difcover  the  origin  -of  cuftom,  that  powerfdl 
queen  of  the  fenfible  and  intelligent  world.  The  me- 
mory, by  prefei  ving  and  recalling  to  the  foul  the  fignfi 
-of  perceptions,  by  affuring  her  of  the  identity  of  the 
perceptions  recalled,  and  of  thofe  which  have  already 
affe&ed  her,  by  connecting  prefent  perceptions  with 
the  antecedent  ones,  forms  in  the  brain  a fund  of 
knowledge,  which  increafes  in  richnefs  every  day. 

- The  imagination,  being  infinitely  luperior  to  a Mi- 
chael. Angelo  or  a.  Raphael,  delineates  in  the  foul,  a 
faithful  image  of  objects  ; and  from  divers  reprefenta- 
tions  which  it  com  poles,  .forms  in  the  brain  a cabinet- 
of  pictures,  every  part  of  which  moves,  and  is  com- 
bined with  an  inexpretlible- variety  andlvvtftnefs.^ 

•.The  brain  of  man,  then,  may  be  eonfidered  as  fo ma- 
ny mirrors,  wherein  different  portions  of  the  univerfe 
are  painted  in  miniature. - Some  of  thefe  mirrors*  * 
hjb.it  but  a final!  number  of  objects  ; while  others  •’ 
prefent  alrnoft  the  whole  of  nature.  What  is  the  rela- 
. tion  between  the  mirror  of  the  mole  and  that  of  a New- 
. ton  ! What  images  were  there  in  the  brain  of  a Ho- 
mer, a Virgil,  or  a Milton  ? =What  mechanifm  muft 
that  have  been  which  could  execute  fuch  wonderful  de- 
corations I That  mind,  which  could  have  read  the 

• brain  of  a Homer,  woaj^have  there  feen  the  Iliad  re- 
presented by  the  various  exercife  of  a million  of  fibres. 

. 4.  Of  all  the  fenfes,  the  fight  is  that  which  furnilhes 

• the  foul  with  the  quickeft,  moft  extenfive,  and  moft 
varied  perceptions.  It  is  the  fertile  fource  of  the  rich- 
■eft  treasures  of  imagination,  and  it  is  to  that  principal- 
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!y  that  the  foul  owes  the  ideas  of  beauty,  of  that  varied 
unity  which  ravifhes  it. 


But  by  what  fecret  mechanifm  are  my  eyes  made 
capable  of  communicating  to  me  fuch  liyely,  varied, 
and  abundant  perceptions  ? How  do  I difcover  with 
fo  much  eafe  and  quicknefs  every  objeCt  that  fuirouhds 

me. 


Three  humours  of  different  denfity,.  each  lodged  in 
a tranfparent  capfule,  divide  the  infide  of  the  globe  of 
the  eye  into  three  parts.  On  the  bottom  is  fpread  a 
kind  of  cloth,  or  very  fine  membrane,  which  is  only 
the  expanfion  of  a nerve,  whofe  extremity  terminates 
immediately  at  the  brain.  A black  (kin  lines  the  whole  ; 
infide  of  the  globe.  At  the  fore  part  of  it  is  a round 
orifice,  which  contrails  or  dilates  itfelf  according  as 
the  light  is  more  or  lefs  ftrong.  Six  mufcles,  which  T 
are  placed  on  the  outfide  of  the  globe,  move  different 
ways,  and  the  rapidity  of  thofe  motions  is  exceffive. 

What  need  is  there  of  thefe  humours,  this  cloth, 
this  tapeftry,  this  aperture  which  contracts  and  dilates 
itfelf  ? The  light  comes  to  us  from  the  fun  in  a right 
line  : but  thefe  rays  become  crooked,  when  the  denfi-  < 
ty  of  the  mediums  through  which  they  pafs  increafespr 
diminiflies.  This  is  called  the  refraCtion  of  light. 

To  tTfe  property  of  refrafting  light,  joins  that  of  re- 
flecting from  the  body  it  enlightens.  There  iffue  then 
luminous  ftreaks  from  all  points  of  the  objects,  which 
bear  the  image  of  thefe  points. 

The  humours  of  the  eye  are  the  lens  of  the  camera  v 
obfcura : the  cloth  or  retina  are  the  pafte-board.  The 
black  fkin  which  hangs  within  the  ball  performs  the 
office  of  a fhutter  that  excludes  the  light : it  extinguifhr 
es  the  rays  whofe  reflection  would  render  - the  image 
lefs  diftinCt  ; the  ball,  by  contracting  or  dilating  itfelf , 
in  proportion  to  the  ftrength  of  the  light,  moderates  the 
aCtion  of  the  rays  on  the  retina : the  nerve  placed  be- 
hind this,  communicates  to  the  brain  the  various  cbn- 
cuffions  it  receives*  to  which  divers  perceptions  corref* 
pond. 

5.  Such 
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5.  Such  are  the  admirable  relations  which  wifdom 
has  placed  between  our  eyes  and  the  light : thofe  which 
it  has  eftabliffaed  between  light  and  the  furfaces  of  dif- 
ferent  bodies,  whence  colours  proceed,  are  not  lefs* 
worthy  our  attention.  • 

i A ray  which  falls  on  a glafs  prifm,  divides  into  fe- 
Ven  principal  rays,  each  of  which  bear  its  proper  co- 
lour. The  oblong  image  which  this  refraction  pro- 
duces, affords  feveral  coloured  ftripes,  diftrihuted  in 
a regular  order.  The  firft,  reckoning  from  the  upper 
part  of  the  image,  is  red ; the  fecond,  orange ; the 
third,  yellow  5 the  fourth  green  ; the  fifth,  blue  ; the 
lixth,  indigo  5 the  feventh,  violet.  Thefe  ftripes  do 
not  glare  : but  the  eye  pafies  from  one  to  the  other  by* 
gradations  or  (hades.  - L 

:The  rays  which  bear  the  higheft  colours,  as  the  red, 
orange,  and  yellow,  are  thofe  that  refraCt  or  curve  the 
leaft  in  the  prifm.  They  are  alfo  fuch  as  reflect  the 
firft,  on  inclining  the  inftrument. 

; From  thence  it  follows,  that  each  ray  has  its  fixt  de- 
gree of  refrangibiiity.  Make. one  of  thefe  rays  pafs*. 
through  feveral  prifms  at  the  fame  time  5 it  will  afford 
you  no  new  colours:  but  it  will  conftantly  retain  its 
primitive  colour,  which  is  an  invincible  proof  of  its 
immutability.  Prefent  a lens  to  (even  rays  divided  by 
the  prifm,.  you  will  return te  them  into,  a Tingle  ray, 
which  will  afford  you  a round  image  of  a fhining  white* - 
Take  only  five  or  fix  of  thefe  rays  with  the  lens ; you:, 
will  have  bujta  dufky  white.  Only  reunite  two  rays  ; 
you  will  make  a , colour,  that  will  paTtake  of  both. 

A ftream  of  light  then  is  a clufter  of  feven  rays,  , 
whofe  reunion  forms  white,  and  the  divifion  of  which 
produces  feven  principle  and  immoveable  colours ! 

What  is  now  the  fource  of  that  infinite  diverfity  of 
colours,  which  embellifties  eyery  part  of  our  abdde  ? 
The.  particles  which  compofe  the  forface  of  bodies, 
are  fo  many  little  prifms  varioufly  inclined,  which  : ' 
break  the  light,  and  refleCt  different  colours.  Gold- 
divided  into  very  thin  plates  "appears  blue,  when  op-  *r 
pofed  to  broad  day  light.  The  greater  or  lefs  .thick- 
nefsof  the  plates  contributes  then  to  the  diyerfity  of  , 
colours.  Whence  proceeds  drat  beautiful  azure  which  * 

* tinges 
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tinges  the  canopy  of  heaven  ? The  ground  of  the  hea- 
vens is  black : this  ground  viewed  through  the  body 
of  air  which  furrounds  us,  mull  appear?  blue  to  us. 
Whence  proceeds  this  fmiling  verdure  which  adorns 
our  fields  ? The  lamellae  of  the  furface  of  plants  are 
difpofed  in  fuch  a manner,  that  they  remit  only  green , 
rays,  whilft  they  afford  a free  paffage  to  others.  If 
green  pleafes  our  fight,  it  is  becaufe  it  holds  precifely 
a medium  between  the  feven  principal  colours.  But 
who  can  remain  infenfible  of  tire  care  which  nature  has 
taken  to  depart  from  uniformity  in  this  cafe,  by  mul- 
tiplying  in  fo  great  a degree  the  ffiades  of  green  ? You 
admire  this  magnificent  rainbow,  which  delineates  at 
large  to  you  the  colours  of  the  prifm  : the  beauty  and 
vivacity  of  its  (hades  ravifli  you:  you  fufped  that  na- 
ture muft  have  been  at  a vaft  expenfe  to  compofe  this 
rich  girdle.  Some  drops  of  water,  on  which  the  light 
breaks  and  refleds  in  different  angles,  are  the  foie 
caufe  of  it. 

You  are  ftruck  with  thefplendid  gilding  of  fome  in- 
feds  : the  rich  fcale  of  fifties  attrad  your  notice : na- 
ture who  is  always  magnificent  in  defign,  and  frugal- 
in  execution,  produces  thefe  brilliant  decorations  at  a 
fmall  charge:  (he  only  applies  a brown  thin  fkin  on -a 
whitifh  fubftance : this  (kin  performs  the  office  of  var- 
nifti  to  our  gilded  (kins  ; it  modifies  the  rays  which 
iffue  from  the  fubftance  it  covers.  The  gloffy  green 
of  the  leaves  of  plants  is  owing  to  the  fame  art.  They 
owe  their  luftre  and  (hades  to  a fine  fmooth,  tranfpa- 
rent,  gloffy,  and  whitifh  membrane  which  clothes  a 
fuhftance  that  is  always  of  a rough  green,  and  of  a 
ftronger  or  fainter  dye.  It  is  this  green  modified  by 
this  membrane,  which  conftitutes  the  colour  peculiar 
- to  leaves  of  every  fpecies. 

It  i$  apparently  the  fame  with  regard  to  the  ena- 
melling of  flowers,  and  perhaps  likewife  to  the  colour- 
ing of  fruits.  This  is  a new  branch  of  optics  which 
were  it  dived  into  as  it  deferves,  might  be  attended 
with  fome  interefting  confequences.  v 

The  dired  light  of  the  fun,  or  that  of  the  diay  only, 
tinges  the  leaves,  as  it  colours  that  of  fruits.  Leaves, 
wbUft  they  are  enclofed  within  the  bud,  are  whitifh  or 
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yellowifh.  They  preferve  this  colour,  if  obliged  to 
grow  in  a tube  of  blue  paper,  where  the  air  and  heat 
may  have  free  accefs.  The  plant  then  ftars,  as  the 
gardeners  term  it,  fending  forth  an  exceffively  long 
and  (lender  ftalk,  and  the  leaves  unfold  themfelyes  but 
Very  imperfectly.  The  light  is-in  a continual  and  very 
rapid  motion  : it  a6ts  perpetually  bn  the  furface  of 
bodies,  which  it  penetrates  more  or  lefs.  By  its  fmall 
reiterated  ftrokes  on  leaves,  it  modifies  the  furface  of 
them  by  little  and  little,  and  infenfibly  difpofes  it  to 
refleCt  the  green  colour. 

Colours  then  in  objeCts  are  only  a certain  difpofition 
of  parts  totally  diftinCt  from  the  perceptions  which  they 
caufe  in  the  foul.  * It  is  the  fame  with  refpeCt  to  all 
our  perceptions  and  fenfations.  The  fenfes,  by  pre- 
fentingto  us  bodies  under  different  appearances,  Ihew 
11s  their  various  qualities  ';  and  to  thefe  qualities  diffe- 
rent ideas  in  the  foul  correfpond.  We  conclude  from 
hence,  that  the  fame  objects  do  not  affeCt  all  fenfible 
beings  in  an  equal  manlier.  It  is  even  doubtful  whe- 
ther two  individuals  of  the  fame  fpecies  have  precifely 
the  fame  perceptions  in  prefence  of  the  fhme  ob- 
jeCh  -■ 

*ji,  nr.-i.  '*ks  * 1 * * *' 

Were  we  to  contemplate  the  world  by  the  organs  of 
all  thofe  fenfible  beings  which  inhabit  it,  we  fliouid 
perhaps  fee  as  many  worlds  as  wd  fhotild  employ  glaffes; 
What -difference  would  there  appear  in  the  mulberry- 
tree,  examined  through  the  organs  of  a filk-worm, 
from  our  conception  of  it  ! What  diverfity  between 
the  flam ina  viewed  thro*  the  eyes  of  bees,  and  thofe 
which  the  botanift  obferves ! How  extenfive  would  b# 
the  knowledge  of  that  being,  who  could  be  acquainted 
with  all  thefe  different  impreffions! 

. : . i* 

6.  Fire,  which  is  difperfed  through  all  nature,  offers 
to  us  an  infinity  of  properties : let  us  confine  ourfelves 
to  give  an  account  of  the  moft  interefting.  Fire  being 
fubtle,  elaftic,  and  continually  agitated,  penetrates 
all  bodies.  It  warms,  dilates,  burns,  melts,  calcines; 
vitrifies,  volatilizes,  and  diffipates  them,  according  to 
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the  nature  cf  their  compofition  or  principles.  This 
fubtle  element  becomes  vifible  only  by  borrowing  a 
body*  It  fecretly  unites  itfelf  to  an  inflammable  and 
unknown  fubftance^  and  provided  with  this  body,  ’ 
Unites  itfelf  to  other  bodies,  and  enters  into  their  com- 
pofition. It  is  by  means  of  the  fame  union  that  it  be- 
comes fenfible  in  eledirical  experiments,  fometimes  in 
the  form  of  luminous  tufts,  fometimes  in  that  of 
crowns,  flafhes,  fparks,  and  that  it  fulminates,  burfts, 
ftrikes,  pierces,*  burns,  inflames. 

By  a gentle  agitation  fire  enlivens  all  organized  bo- 
dies, and  conducts  them  by  degrees  to  their  perfedt 
growth.  It  foments  the  branch  in  the  bud,  the  plant 
in  the  grain,  the  embryo  in  the  egg.  It  gives  fuitable, 
preparations  to  our  food.  It  fubdues  rnetals  to  our 
ufe,  over  the  formation  of  which  it  prefides.  By  that 
we  are  enabled  to  give  matter,  all  thofe  forms  which.  ‘ 
our  neceffities  or  conveniences  require.  To  that  we 
are  indebted,  in  a particular  manner,  for  that  tranfpa- 
re nr  matter,  which  being  ftretched  out  into  thin  leaves, 
or  fafhioned  like  tubes,  vafes,  globes,  lenfes,  furnilhes 
us  with  various  inftruments,  and  enriches  us  with  new 
eyes,  'which  help  us  to  difcover  the  fmalleil  'objedls,; 
and  bring  nigh  to  us  the  moil  remote. 

* , ^ S ■ . ^ rT  •;  .0  » *•;  v-  # ‘V; 

From  the  aft  ion  of  fire  on  earth,  fulphur,  oils,  and 
falts,  the,  various  fpecies  of  fermentations,  and  mix- 
tures refuit,  which  are  the  pbjedts  of  the  refearches  of 
therhymift,  and  the  foul  of  the  three  kingdoms.  Be- 
ing concentered  by  lenfes  or  mirrors  of  every  kind,  it 
acquires  a ftrength  greatly  fuperior  to  that  of  the  hot- 
ted of  our  adtual  fires,  and  in  an  inftant  reduces  green 
wood  to  allies,  calcines  ftones,  melts  and  vitrifies  me* 

- . . -I'/iUaTa Tir.  f s-  .a  i. 

Being  excited,  collected,  condenfed,  modified;  ex- 
tracted* directed,  and  applied  by  eledtricaj  machines,  ’ 
it  becomes  the  fruitful  fource  of  a thoufand  phenomena, 
which  art  diverfifies  , every  day.  Sometimes, ^ when  ^ 
extruded  from  a globe  qf.  glafs,r  it  runs  with  an  incon- 
ceivable rapidity  aloftg  an  iron  wire,  and  caufes  light; 
bodies,  [ laced  at  ^ league  diiiance  from  tire  globe,  to,, 
feel  the  in  preffioa  of  it.  Applied  by  the  fame  means 

to 
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to  paralytic  limbs,  it  reftores  life  and  motion  to  them. 
Being  prefent  in  all  parts  of  the  atmofphere,  it  collets 
itfelf  in  ftormy  clouds,  from  whence  it  is  again  ex* 
trailed  by  art;  and  a Le  Monnier,  equal  to  the  fabu- 
lous Jupiter,  holds  the  thunderbolt,  and  difpofes  of 
it  at  his  pleafure.  It  is  likewife  fire  that  communicates 
to  air  and  water,  when  reduced  into  vapours,  that  pro-*, 
digious  force  which  renders  them  capable  of  fhaking 
the  earth,  and  breaking  the  hardeft  bodies. 

Laftly,  it  is  fire,  that  by  penetrating  fluids,  pre- 
ferves  to  them  their  fluidity.  As  it  is  exa<S  itfelf,  in  . 
putting  itfelf  in  equilibrio,  it  pafles  from.thofe  bodies 
where  it  is  mod  abundant  to  thofe  where  it  is  lead  fo, 
and  carrying  with  it  the  mod  volatile  particles,  it  de- 
pofits  them  on  the  furface  of  the  latter,  where  they 
appear  in  the  form  of  vapours,  exhalations  or  mifts/' 

„ . i ,v  / ' * * 

7.  The  * air,  by  its  fluidity,  thinnefs,  weighr,  and 
fpring,  is  next  to  fire  the  mod  powerful  agent  in  nature.  ♦ 
It  is  one  of  the  great  principles  of  the  vegetation  of 
plants,  and  of  the  circulation  of  liquors  in  all  orga- 
nized bodies.  It  is  the  receptacle  of  the  particles  which 
exhale  from  different  matters  : and  had  we  eyes  fuff>L 
ciently.  piercing,  we  fliould  fee  it  in  the  abridgment  of 
all  the  bodies  that  exid  on  the  furface  of  our  globe. 
From  vapours  and  exhalations  which  it  carries  in  its 
bofom,  and  difperfes  into  all  parts,  are  produced  , aque- 
ous and  fiery  mateors,  which  are  fo  .ufeful,  but  fome-; 
times  dreadful. 

The  aif  does  not  only  receive  bodies  : it  even  enters 
into  their  compofition.  When  diveded  of  its  eladicity,* 
it  unites  itfelf  to  the  particles  which  compofe  them* 
and  augments  their  bulk.  But  being  more  unalterable 
than  gold,  it  refumes  its  former  nature,  when  thefe* 
bodies  change  or  are  diffolved.  Being  didributed  in 
its  equilibrium,  it  fwells  the  fails  of  our  fhips,  and‘ 
conveys  to  our  countries  thofe  rich  fleets  that  caiife 
plenty.  Becoming  impetuous,  it  caufes  tempefts  and 
hurricanes ; but  even  this  impetuofity  is  not  without,- 
its  ufe  : the  air  by  this  means  diveds  itfelf  of  noxious 
vapours,  and  the  waters  being  drongly  agitated,  are; 
preferved  from  a fatal  corruption* 

Laftly*  „ 
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Laflly,  the  air  is  the  vehicle  of  founds  and  odours, 
and  under  thefe  new  relations  it  is  effentially  allied  to 
two  of  our  fenfes.  The  partial  vibration  which  com- 
motion excites  in  a fonorous  body,  communicates  it- 
felf  to  all  the  globules  of  air  that  Immediately  encom- 
pafs  this  body.  Thefe  globules  caufe  the  like  vibra- 
tions in  thofe  contiguous  to  them:  and  this  continues 
in  the  fame  manner  to  greater  diftances  than  we  are 
able  to  determine.  A fine  and  elafiic  membrane, 
fpread  at  the  bottom  of  the  ear  like  the  parchment  of 
a drum,  receives  thefe  concuffions,  and  conveys  them- 
to  three  fmall  bones  placed  end  to  end,  that  commu- 
nicate them  in  their  turn  to  certain  bony  and  winding 
cavities,  lined  on  their  infide  , with  nervous  filaments, 
which  join  to  the  brain  by  a common' trunk.  The 
greater  or  lefs  degree  of  fwiftnefs  of  thefe  vibrations 
produces  feven  principal,  tones,  analogous  to  the  pri- 
mitive colours.  From  the  combined  - relation  of  va- 
rious tones,  harmony  proceeds. 

The  infinitely  fmall  particles  that  are  continually  de- 
tached from  the  furface  of  odoriferous  bodies,  float  in 
the  air,  which  tranfpoi  ts  them  every  where,  and  ap- 
plies them  to  the  nervous  membranes  that  are  diftri- 
buted  in  the  infide  of  the  nofe.  The  concuffions  which 
thefe  c.orpufcles  occafion  therein,  pafs  afterwards  to 
the  brain  by  the  lengthening  of  the  nervous  filaments. 

8.  All  climates  have  their  productions : all  parts  of 
the  earth  their  inhabitants.  From  the  frozen  regions 
of  the  bear,  to  the  burning  fands  of  the  torrid  zone, 
all  is  animated.  From  the  top  of  the  mountains  to 
the  bottom  of  the  vallies,  every  thing  vegetates  and 
refpires.  The  waters  and  the  air  are  peopled  with  an  in- 
finite number  of  inhabitants.  Plants  and  animals  are 
themfelves  little  worlds  that  nourilh  a multitude  of 
people,  -as  different  from  each  other  in  their  figure  and 
inclinations  as  the  great  people  are  which  are  Scattered 
over  the  face  of  our  globe.  What  am  I faying  ? The 
fmalleft  atom,  the  leaft  drop  of  liquor  are  inhabited. 
Wonderful  harmony,  which  by  thus  fuiting  different 
productions  to  different  places,  leaves  none  abfolutely 
defert ! 

9 . A re- 
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9.  A reciprocal  commerce  connects  all  terreftrial 
beings.  Inorganized  beings  anfwer  to  organized  as  to 
their  centre.  The  latter  are  defigned  for  each  other. 
Plants  are  allied  to  plants.  Animals  to  animals.  Ani- 
mals and  plants  are  linked  together  by  their  mutual 
fervices.  Behold  how  clofely  this  young  ivy  entwines 
itfelf  round  this  majeftic  oak.  It  draws  its  fuftenance 
from  it,  and  its  life  depends  on  that  of  his  benefador. 
Ye  great  ones  of  the  earth,  ye  reprefent  this  oak.  Re- 
fufe  not  your  fupport  to  the  indigent  5 fuffer  them,  to 
approach  you,  and  to  obtain  from  you  fufficient  to  re- 
lieve their  neceffities. 

Confider  this  caterpillar  thick* fet  with r hair:  the 
birds  dare  not  touch  it:  notwithftanding  which  it  ferves 
them  for  food:  by  what  means  ? a fly  pierces  the  liv- 
ing caterpillar.  She  lays  her  eggs  in  his  body.  The 
caterpillar  remains  alive.  The  eggs  hgtch.  The  young 
ones  grow  at  the  expenfe  of  the  caterpillar,  and  are 
afterwards  changed  into  flies,  which  ferve  for  fufle- 
nance  to  the  birds. 

? • - f * 

There  are  continual  wars  betwixt  animals;  but 
things  are  fo  wifely  combined,  that  the  deftrudion  of 
fome  of  them  occafions  the  prefervation  of  others,  and 
the  fecundity  of  the  fpecies  is  always  proportionable 
to  the  dangers  that  threaten  individuals. 
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10.  All  is  metamorphofis  in  the  phyfical  world. 
Forms  are  continually  changing.  The  quantity  of 
matter  alone  is  invariable.  The  fame  fubftance  pafles 
fucceffively  into  the  three  kingdoms.  The  fame 
compofition  becomes  by  turns  a mineral,  plant,  infed, 
reptile,  fi(h,  bird,  quadruped,  man. 

The  organized  machines  are  the  principal  agents  of 
thefe  transformations.  They  change  or  diflolve  all 
matters  that  enter  within  them,  and  that  are  expofed 
to  the  adion  of  their  fecret  fprings.  They  convert 
fome  into  their  own  fubftance;  others  they  evacuate 
under  divers  forms,  which  render  thefe  matters  pro- 
per for  entering  into  the  compofition  of  different  bo- 
dies. Thus ' animals  that  multiply  prodigioufly,  as 
fome  fpecies  of  infeds,  have  perhaps  for  their  princi- 
pal end  that  of  metamorphofing  a confiderable  quan- 
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tity*  of  matter,  for  the  ufe  of  different  compounds 
By  that  means  the  vileft  matters  give  birth  to  the 
richeft  produ&ions : and  from  the  bofom  of  putrefac- 
tion there  iffues  the  fineft  flower,  or  the  mod  exqui- 
site fruit ! 


The  Author  of  Nature  has  left  nothing  ufelefs. 
What  is  confamed  of  the  duft  of  the  ftamina  in  the 
generation  of  plants,  is  very  trifling,  if  compared 
with  the  quantity  each  flower  furnifhes.  Wi-fdom  it- 
felf  then  has  created  the  induftrious  bee,  that  makes 
ufe  of  the  fuperfluous  part  of  this  duft  with  fuch  art 
and  ceconomy,  as  could  not  be  too  much  admired  in 
the  moft  Ikilful  geometricians. 

; 1 j ..  „ ^ | > r..  ^ - . v' 

The  earth  enriches  us  every  day  with  new  gifts,  where- 
by (he  would  at  length  be  exhaufted  if  what  Ihe  fup- 
plies  us  with  were  not  reftored  to  her.  By  a law,  which 
we  db  hot  pay  a proper  attention  to,  all  organized  bo- 
dies become  unconipounded  and  infenfibiy  change  in  the 
earth.  Whilft  they  fuffer  this  kind  of  diflolution,  their 
volatile  parts  pafs  into  the  air,  which  tranfports  theiA 
every  Where.  So  that  animals  are  buried  in  the  atmof- 
phere  as  well  as  in  the  egrth  and  water ; we  rriay  evexv 
doubt  whether  that  portion  which  the  air  receives  be 
not  the  moft  confiderable  in  bulk.  All  thefe  particles 
difperfed  here  and  there,  foon  enter  into  new  organi- 
cal  wholes,  deftined  to  the  fame  revolutions  as  the 
former.  And  this  circulation,  which  has  fubfifted 
from  the  beginning  of  the  world,  will  continue  as  long 
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Of  Vegetable  (Economy . 
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1.  np  HERE  is  no  fource  of  physical  relations  that 
X is  more  abundant  than  the  ceconomy  of  or- 
ganized bodies.  Let  us  call  an  eye  on  what  it  offers 
to  us  on  the  moll  interefting  nature.  Our  plan  does 
not  lead  us  to  dive  into  a ftibjedt  that  exhaufts  the  fe- 
gacity  of  a philofopher. 


' » i • 

Original  ceconomy,  taken  in  the  molt  extenflve  fenfe, 
is  that  fyftem  of  laws  according  to  which  the  vital 
fun&ions  operate  in  organised  bodies. 

Confidered  in  a lefs  view,  organical  oeconomy  pre- 
fents  us  with  two  claiTes  of  objects.  The  firft  com- 
prehends the  ftrufture,  arrangement,  and  exercife  of 
the  different  parts  of  organized  bodies.  The  fecond 
comprizes  the  various  effedls  that  refult  from  orga- 
nization. . . . 


2.  The  plant  vegetates,  is  nourifhed,  grows,  and 
multiplies.  The  faline,  un&uous,  and  fubtle  (lime,  which 
the  water  feparates  from  the  coarfe  earth,  and  keeps 
in  a diffolved  ftate,  is  the  principal-nutriment  of  plants. 
The  different  fpecies  of  manure  only  contribute  to  the 
fertilizing  of  land,  in  proportion,  as  they  introduce 
into  it  a great  quantity  of  a fpongy  powder  or  a&ive 
fait.  If  a natural  philofopher  fucceeds  in  railing  plants, 
and  caufing  them  to  bear  flowers  and  fruits  in  other 
matters  than  earth,  for  inftance,  in  the  powder  of  rot- 
ten wood,  deal,  faw-duft,  very  fine  fand,  mofs,  cot- 
ton, paper,  fponges:  the  reafon  is,  becaufe  feveral  of 
thefe  matters  either  change  infenfibly  in  the  ground, 
or  a&ually  contain  earthy,  parts,  or  the  w^ter  which 
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motftens  them  is  ilfelf  charged  with  thefe  particles* 
which  the  organs  extra#,  prepare,  and  aflimilate. 

After  having  been  admitted  into  the  body  of  the  root 
by  the  extremity  of  the  fibres,  the  nutritious  juice  rifes 
into  the  ligneous  fibres,  from  the  trunk  or  ftalk,  and 
paffes  into  the  utricles  that  adhere  to  them.  It  is  there 
prepared  and  digefted.  It  afterwards  enters  into  the 
proper  vefiels,  under  the  form  of  a coloured  fluid,  njore 
orlefs  thick*  which  we  may  conje&ure  to  be  with  re* 
fpeft  to  the  plant,  what  the  chyle  or  blood  is  to  the  anr* 
inal.  Being  filtred  by  finer  or  more  winding  pipes,  it 
is  at  laft  conveyed  to  all  the  parts,  whereto  it  unites  it- 
felf,  and  increafes  their  bulk. 

The  extreme  finenefs  of  the  canals  for  the  fap# 
which  renders  them  in  fome  meafure  capillary  pipes, 
"the  a#ion  of  the  air  on  the  elaftic  (heaths  of  the  air- 
vents,  and  the  impreffion  of  thefe  laft  on  the  ligneous 
fibres  they  contain,  or  by  which  they  are  comprized, 
the  heat  that  rarefies  the  lap,  and  above  all  that  which, 
by  a&ing  on  the  furface  of  the  leaves,  draws  thither 
the  fuperfluous  nutritious  juice,  andoccafions  the  eva- 
poration of  it,  feem  to  be  the  principal  caufes  of  the  af- 
cent  of  this  fluid  m plants.  The  quantity  -of  nutri- 
ment, which  a plant  derives  from  the  earth  is  in  pro- 
portion to  the  number  and  (izes  of  its  leaves  ; the 
fmaller  or  fewer  in  number  the  leaves  are,  the  iefs  it 
draws.  The  nutrition  of  vegetables  is  likewife  effedted 
immediately  by  their  leaves.  They  do  not  only  ferve 
for  raifing  the  fap,  preparing  it,  and  difcharging  its 
fuperfluity  ; they  are  moreover  a kind  of  roots  that 
pump  from  the  air  the  juices  they  tranfmit  to  the  neigh- 
bouring parts. 

# The  dew,  which  rifes  from  the  ground,  is  the  prin- 
cipal foundation  of  this  aereal  nouriftunentr  The  leaves 
prefent  it  to  their  inferior  furface,  which  is  always  fur- 
niflied  with  an  infinite  number  of  fmall  pipes  that  are 
always  ready  to  abforb  it.  And  that  the  leaves  may 
receive  no  prejudice  in  the  exercife  of  this  fun&ion, 
they  are  difpofed  with  fuch  art  on  the  ftalk  and 
branches,  that  thofe  that  immediately  precede  do  not 
cover  fuch  as  fucceed  them.  Sometimes  they  are  placed 
alternately  on  two  oppofite  and  parallel  lines.  Some- 
x ' ' ' times 


times  they  are  diftributed  by  pairs,  that  crofs  each 
other  at  right  angles.  Sometimes  they  are  ranged  on 
the  angles  of  polygons  circumfcribed  on  the  branches',  • 
and  fo  difpofed  that  the  angles  of  the  inferior  polygon 
correfpond  with  the  fides  of  the  fuperior.  At  other 
times  they  afcend  the  whole  length  of  the  ftalk  and 
branches  on  one  or  more  parallel  fpiral  lines. 

Ye  feeptics,  can  you  inform  me  why  plants  are  d|f~ 
pofed  with  fo  much  art  ? You  will  perhaps  deny  that 
plants' imbibe  the  dew  by  their  inferior  furface  ! But 
what  would  you  fay,  were  on$  to  inform  you,  that 
among,  leaves  exactly  refemblmg  each  other,  and  ta- 
ken from  the  fame  tree,  fuch  as  have  been  fteeped  by 
their  inferior  furfaces  in  veflels  of  water,  have  continu*- 
ed  green  for  the  fpace  of  whole  weeks,  and  even 
months  ; whilft  thofe  that  have  been  placed,  by  way  of 
experiment,  with  their  upper  furface  in  the  water,  pe- 
ri fhed  in  a few  days  ? 

Herbs  that  are  always  immerfed  in  the  thickeft  beds 
of  dew,  and  that  grow  much  fafter  than  trees,  have  - 
their  leaves  formed  in  fuch  a manner,  that  they  pump 
in  the  moifture  nearly  alike  by  both  furfaces,  fome- 
times  more  copioufly  by  the  upper  ones. 

Obferve  laftly,  that  the  inferior  furface  of  the  leaves 
of  trees  is  commonly  lefs  fmooth  and  gloffy  and  of  a 
paler  colour  than  the  oppofite  furface.  This  remarka- 
ble difference  between  the  two  fides  of  the  leaf,  fuffici- 
ently  indicates  that  they  have  different  ufes, 

■ • vf  ‘ • '“!*!  T f* 

3.  By  a mechanifm  which  is  very  fimple,  the  root , 
forces  itfelfinto  the  earth  ; the  branches  (hoot  out  on 
each  fide : the  leaves  expofe  their  fuperior  force  to  the 
open  air,  and  their  inferior  furface  to  the  earth,  or 
the  inner  part  of  the  plant;  Sow  a feed  the  contrary 
way  ; you  will  obferve  the  radicle  and  little  ftalk  to 
bend  backwards  ; the  former  in  order  to  reach  the* 
earth,  and  the  latter  to  gain  the  air.  Keep  a young 
ftalk  inclined  ; its  extremity  will  grow  upwards.  Bend 
the  branches  of  all  forts  of  plants;  caufe  the  inferior 
furface  of  their  leaves  to  turn  towards  the  fky  ;.you 
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'will  foon  perceive  that  aff  thefe  leaves  will  turn  back 
again,  and  refume  their  former  pofition  : which  mo- 
tion will  be  executed  with  a quicknefs  proportionate  to 
the  heat  of  the  fun,  or  fupplenefs  of  the  leaves.  Sow 
different  kinds  of  feeds  in  a clofet  or  cellar : carry  thi- 
ther fome  fmall  twigs  having  their  extremity  fteeped 
in  veffels  full  of  water.  The  leaves  of  the  young 
plants  and  thofe  of  the  twigs,  wrill  incline  their  upper 
furface  to  the  windows  or  air-holes. 

• - _ *■  ' - r •*  i ' * y *'  f ♦ 

Confider  the  leaves  of  divers  fpecies  of  herbaceous 
plants ; of  the  mallow  for  inftance  ; you  will  remark 
* that  they  follow  the  courfe  of  the  fun.  In  the  morn- 
ing you  will  fee  them  prefen  t their  upper  furface  to  the 
eaft;  towards  the  middle  of  the  day  this  furface  will 
face  the  fouth  : in  the  evening  it  will  be  turned  to  the 
weft.  .At  night  or  in  rainy  weather  thefe  leaves  will 
be  horizontal,  their  inferior  furface  looking  towards 
the  earth.  * 


Trace  likewife  the  leaves  of  the  acacia  ; as  foon  as 
they  are  heated  by  the  fun,  you  will  obferve  all  their 
foliages  draw  together  by  their  upper  furface.  They 
will  then  form  a kind  of  gutter  turned  towards  the  fun. 
In  the  night,  or  in  moift  weather  you  will  fee  the  foli- 
age turned  the  contrary  way,  and  contracting  them- 
felves  by  their  inferior  furface.  They  will  then  form 
a gutter  that  will  face  the  earth. 


4.  Do  not  feek  for  circulation  in  plants  ; as  they 
are  more  Ample  than  animals,  every  thing  in  them  is 
performed  with  lefs  apparatus. 

In  the  day-time  the  action  of  the  heat  on  the  leaves, 
draws  to  them  in  abundance  the  nutritious  juice.  The 
fmall  excretory  veffels,  that  appear  in  the  forms  of 
globules,  pyramids,  filaments,  feparate  the  more 
aqueous  or  grofs  parts  of  the  juice  that  rifes  from  the 
root.  The  air  contained  in  the  trachae  of  the  ftalk  and 
branches,  by  dilating  itfelf  more  and  more,  preffes  the 
ligneous  fibres,  and  by  that  means  accelerates  the 
courfe  of  the  fap,  at  the  fame  time  that  it  caufes  it  to 
penetrate  into  the  neighbouring  parts. 

When 
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When  night  approaches, life  inferior  furface  of  the 
leaves  begins  to  perform  one  of  its  principal  functions. 
The  little  mouths  it  is  provided  with  open  themfelves, 
and  receives  the  vapours  that  float  in  the  atmofphere. 
The  air  of  the  trachasis  confined  with  in  them  ; their  dia-. 
meter  is  leflened , the  ligneous  fibres  being  lefs  prefled, 
enlarge  themfelves,  and  admit  the  juices  conveyed  to 
them  from  the  leaves.  Thefe  juices  join  themfelves  to 
the  refidue  of  that  which  had  arifen  in  the  day-time, 
and  the  whole  mafs  tends  towards  the  roots.  - 

This  feems  to  be  exactly  the  mechanifm  to  which 
the  motion  of  the  fap  may  be  reduced.  You  now  fee 
more  clearly  the  defign  of  the  diredion  of  the  leaves, 
and  of  their  admirable  reverting.  The  inferior  fur- 
face  being  intended  for  imbibing  the  dew,  flmuld  face 
the  earth,  from  whence  this  vapour  rifes  gradually  at 
fun  fet.  . But  when  I fay  that  the  principal  office  of  this 
furface,  at  leaft  in  trees  and  flirubs,  is  to  receive  the 
dew,  I would  not  infer  that  the  oppofite  furface  is  in- 
capable of  it that  may  perhaps  abforb  vapours  that 
are  more  rare. 

Experiments  that  are  well  made  feem  to  prove  that 
• the  inferior  furface  of  the  leaves  of.  trees  ferve  likewife 
for'infenfible  perfpiration.  Thofe  leaves  in  which  this 
.furface  was  endued  with  a matter  impenetrable  by  wa- 
ter, drew  in  and  tranfpired  much  lefs,  in  an  equal  time 
and  .with  the  fame  management,  than  leaves  of  the 
- fame  fize  and  likenefs,  ,whofe  inferior  furface  had  not 
been,  endued  with  fuch  a vamifli.  , It  feems  to  have  re- 
fulted  from  the  lame  experiments,  that  there  is  but  lit- 
tle perfpiration  by  the  upper  furface.  We  may  thence  ■ 
infer  that  one  of  its  principal  fundions  is,  to  ferve  for  a 
fhelter  or  defence  to  the  lower  furface  : and  that  no 
doubt,  is  the  ufe  of  the  glofly  varnilh  obfervable  on  the 
fuperior  furface.  All  which  agrees  with  the  almoft 
fpontaneous  motions  and  diredions  of  the  leaves,  and 
with  their  fymmetrical  diftribution  round  the  ftalks 
and  branches. 

5‘  The  plant  being  enclofed  in  miniature  within  the 
fruit  or  feed,  is  there  encompafled  with  a quantity  of 
flour,  which  after  being  diluted  by  the  water  that  has 
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penetrated  the  enclofurS§rferments  and  furnifhes  the 
germ  with  its  firft  nouriihment.  Being  moiftened  by 
the  delicate  milk,  in  proportion  to  its  weaknefs,  it 
grows  from  day  to  day.  In  a fliort  time  its  coverings 
become  incommodious  ; it  endeavours  to  diveft  itfelf 
of  them,  and  puflies  forth  a little  root,  which  proceeds 
to  feek  for  more  nourifhing  juices  in  the  earth.  The 
little  ftalk  appears  in  its  turn.  As  it  is  deftined  to  live 
in  the  air,  it  pierces  the  earth,  and  darts  perpendicu- 
larly into  the  aereal  fluid.  Sometimes  it  carries  along 
with  it  the  remains  of  the  teguments  that  had  enwrap- 
ped it  in  the  germ  ftate : at  other  times  it  is  accompa- 
nied by  two  leaves,  which  are  very  different  from  thofe 
of  a mature  age  ; thefe  are  the  feminal  leaves,  whofe 
principal  ufe  is  probably  to  refine  the  fap. 

Though  it  is  diverted  of  its  fwaddling-clothes,  if  we 
may  fo  term  them,  the  young  plant  is  not  at  full  liber-' 
ty.  It  is  not  in  a condition  to  be  expofed  fo  early  to 
the  impreffions  of  the  air  and  fun.  All  the  parts  re- 
main for  a fhort  time  folded  together,  nearly  as  they 
were  in  the  feed.  But  the  root,  by  extending  and  ra- : 
unifying  itfelf  more  and  more,  conveys  to  the  veffels  a 
confiderable  quantity  of  fap,  which  foon  opens  all  the 
organs. 

At  its  firft  appearance  the  plant  is  almoft  gelatinous. 
It  aflumes  by  little  and  little  a greater  degree  of  con- 
fidence by  the  incorporation  of  the  juices  which  flow 
to  it  from  all  parts.  That  part  of  the  ftalk  next  the 
root  increafes  in  bulk,  extends  itfelf,  and  hardens  firft 
of  all.  As  the  hardening  augments,  the  extenfion  di- 
miniflies.  At  length  it  entirely  ceafes  in  this  part,  and 
continues  in  that  which  immediately  follows.  Such  is. 
the  nature  of  the  progreffion  obferved  in  the  whole 
plant. 

' ; - • ' ' i'  ■ '!  - ' K 

Wood,  whofe  hardnefsis  fometimes  equal  to  that  of 
ftone,  is  formed  of  a fucceftion  of  concentric  layers, 
that  are  detached . every  year  from  the  infide  of  the 
find,  and  harden  as  they  advance  in  age. 

6.  Vegetables  multiply  by  feed,  (hoots,  and  flips. 
The  piftu  and  ftamina  are  to  plants  what  the  organs 
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. of  generation  are  to  animals.  The  former  enclofes 
the  feed  ; the  fine  powder  of  the  latter  fecundates  it 
Both  fexes  are  frequently  united  in  the  fame  fubject ; 
and  thofe  fpecies  are  real  hermaphrodites.  Others 
bear  the  piftil  on  one  branch,  and  the  ftamina  on  ano- 
ther. A third  fort  are  like  the  greater  part  of  animate, 
diftindt  males  and  females.  The  former  are  furnifii- 
ed  with  a piftil,  and  the  latter  with  ftamina.  This  is 
all  we  know  with  regard  to  the  generation  of  plants. 

When  the  ftamina  are  cut  off,  the  feed  remains  un- 
fruitful. The  fame  tiling  happens  when  any.  one  that 
has  piftils  has* not  in  its  neighbourhood  another  provid- 
ed with  ftamina.  The  piftil  is  always  fo  dlfpofed  as 
to  be  able  to  receive  the  duft  of  the  ftamina.  Its  top 
is  perforated  with  holes  proportioned  to  the  diameter 
of  the  grains  of  this  duft,  and  its  infide  is  divided  into 
feveral  canals,  whofe  diameter,  diminifties  the  nearer 
they  approach  to  the  bottom.  At  the  bafe  of  the  pif- 
til the  feed  is  depofited.  Every  grain  of  the  duft  of 
the  ftamina  is  a box,  wherein  floats,  in  a kind  of  very  ' 
thin  vapour,  an  infinite  multitude  of  other  very  mi- 
nute grains.  This  box  opens  itlelt  to  the  moifture, 
•ana  difeharges  a fmall  mift  of  globules  or  grains. 

The  flirinking  of  the  trunks  indicates  that  the  conr 
taining  globules  do  not  reach  to  the  bottom  of  the  pif. 
til : but  the  contained  globules  or  grains  are  ftt  at  li- 
berty by  the  a<5tion  of  the  moifture  which  the  trunk  im- 
bibes, which,  by  opening  the  little  box  that  enclofes 
them,  permits  them  by  this  means  to  penetrate  to  the 
ovary. 

7.  Vegetables  multiply  by  fhoots.  They  pufli  forth 
from  the  circumference  of  their  root  feveral  fuccoufs, 
which  become  plants  themfelves,  and  propagate  their 
fpecies  in  like  manner.  The  branches  and  young 
fhoots  may  likewife  be  confidered  as  ingrafted  on 
the  principal  plant  making  one  body  with  it.  The 
germs  which  are  difperfed  within  the  plant,  infold 
themfelves  there  without'any  fenfible  fecundation,  and 
reach  to  the.furface  of  the  bark.  They  appear  there  in 
the  form  of  a fmall  oblong  and  rounded  body,  com. 
pofed  of  feveral  parts,  ranged  in  a very  regular  man- 
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•tier,  and  fliaped  like  tubes,  fhells,  See.  This  little  bo- 
dy is  the  bud,  which  like  the  feed  enclofes  the  young 
plant  under  feveral  coverings,,  all  the  parts  of  which 
are  completed  with  abundance  of  art. 

The  little  ftalk  (hoots  forth  a fimilar  bud  at  its  upr 
per  extremity.  This  bud  opens,  and  produces  a fe- 
cond  ftalk,  grafted  on  the  firft,  which  it  lengthens. 

This  new  ftalk  produces  a third  ; the  third  a fourth, 

<b  on  fucceffively.  When  the  tree  has  attained  its  full 
growth,  it  is  compofed  of  a feries  of  fmall  trees,  placed 
tod  to  end.  It  is  the  fame  with  refpert  to  branches 
and  boughs,  all  having  one  and  the  fame  life,  and 
forming  only  one  organical  whole.  • 

Bulbous  plants,  inftead  of  young  fhoots,  fend  forth 
fuckers.  The  bulb,  which  is  formed  of  feveral  mem- 
branes, or  coats  placed  on  each  other,  contains,  in  like 
manner  as  the  feed  and  bud,  a plant  in  miniature. 

The  fucker  is  a final!  bulb  that  flioots  out  on  the  fides 
©f  the  principal  one,  and  which  is  defigned  to  fucceed 
©r  replace  it.  Sometimes  this  replacing  is  performed 
with  fuch  quicknefs  and  circumftances  as  are  very  fur- 
prifmg.  Whilft  the  principle  bulb  is  wafting,  thefuck- 
to  thickens  and  fpreads  itfelf,  and  in  a fhort  time  be- 
comes the  principal  bulb. 

We  may  compare  this  bulb  to  a fpecies  of  earth, 
that' exhaufts  itfelf  in  order  to  furnifh  fuitable  juices 
to  the  young  plant.  It  may  alfo  be  looked  upon  as  a 
placenta,  that  filtres  and  prepares  the  nutritious  juice. 

I The  leaves  of  fome  herbaceous  plants  form  fpherical 
maffes  that  are  pretty  compart,  and  feem  to  perform 
the  office  of  a,  bulb.  The  head  of  a cabbage  fpends 
and  waftes  itfelf  in  order  to  contribute  to  the  unfolding 
the  minute  ftalk  it  contains.  Place  one  of  thefe 
heads  on  a veffel  full  of  water,  and  it  will  exhibit  to 
you  the  fame  phenomena  as  the  bulb  of  a flower. 

S.  The  branches  that  bend  down  from  certain  trees 
to  the  earth,  take  root  there,  and  become  themfolves 
young  trees.  Human  induftry  carries  this  kind  of  mul- 
tiplication to  a much  greater  extent.  By  means  there-  ^ ->i 
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of,  a fingle  branch  or  root,  divided  into  leveral  parts, 

• becomes  fo  many  individual  plants.  What  do- 1 fay  i 
It  can  even  caufe  a tree  to  be'produced  from  the  fmall- 
eft  Aired  of  a leaf.  Such  is  the  multiplication  from 
flips. 

The  organs  efiential  to  life  being  difperled  through'* 
out  the  whole  body  of  the  fubjeCt,  the  flip  that  is  de-  . 
tached  from  it,  and  planted  in  the  earth,  is  of  it&lf  ca- 
pable of  forming  new  productions  ; it  has  every  thing 
neceflary  for  the  unfolding  of  the  radicles  and  buds. 
Thus  a fingle  leaf  takes  root,  and  vegetates  by  its  own 
ftrength. 

' ~ ~ t 

There  is  another  kind  of  multiplication  that  is  very 
v .remarkable,  which  confifts  in  planting  one, or  more 
flips,  not  in  the  earth,  but  in  the  trunk  or  branches  of 
a living  tree.  This  is  grafting  ; the  firft  idea  of  which 
- may  perhaps  have  been  owing  to  the  accidental  union 
of  two  branches  or  two  fruits.  - 

The  next  caufe  of  the  union  of  the  graft  with  its  fub- 
jeCt,  is  in  the  intercourfe  of  the  fap-veflels  with  each 
other  ; and  this  intercourfe  depends  ultimately  rn  the 
• relation  of  their  parts,  and  particularly  on  that  of  their 
confidence,  and  the  liquors  contained  in  them.  By 
the  afliftance  of  a graft  the  gardiner  caufes  the  wild 
flock  to  produce  the  fineft  fruits,  he  gives  youth  to 
trees,  and  gathers  plumbs  from  the  almond  tree,  and 
pears  from  the  alh.  Filtrating,  and  the  preparation 
of  the  juices  of  the  fubjeCt  by  the  veflels  of  the  graft, 
occafion  thefe  productions.  The  roll  which  is  always 
! • formed  at  the  infertion,  and  is  compofed  by  the  inter- 

I - weaving  of  a prodigious  number  of  fibres,  is  one  of  the 
principal  inftruments  of  thefe  preparations.  The  more 
or  lefs  perfedt  analogy  of  the  juices  proper  to  the  fub- 
jeCt  with  thofe  that  are  peculiar  to  the  graft,  favours  in 
a greater  or  lefs  degree  the  unfolding  of  the  latter. 

> The  nearer  or  more  diftant  relation  between  the  ttime 
in  which  the  fap  in  the  fubjeCt  continues,  and  that  in 
which  the  graft  has  been  accuftomed  fo  to  do,  contri- 
butes likewifc  more  or  lefs  to  the  fuccefs  of  the  opera- 
tion* 
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~.j*£  The  body  of  the  plant  is  in  a continual  ftate  of 
motion.  : It  always  tends  to  produce^  either  the  bark, 
a bud,  or  a root.  Make  an  incifion  in  a tree  ; the 
-wound  will  cicatrice.  A greenifli  roll  will  in  a fhort 
time  be  feen  at  the  top  of  the  wound,  afterwards  on 
' the  fides,  and  at  length  towards  the’  bottom.  This 
roll  is  a new  rind,  which  is  about  to  cover  the  wood 
again,  'without  uniting  to  it.  Obferve  what  partes 
with  refpeft  to  this  ; you  will  perceive  in  it  certain  dif- 
tinfl  and  glutinous  nipples,  and  fmall,  reddifh  fpots 
difperfed  here  and  there,  which  you  will  find  to  be  a 
a growing  bark.  - A matter  that  is  partly  tranfpa- 
rent,  whitifti  and  mucilaginous  will  feem  to  raife 
up  this  bark.  All  thefe  glutinous  fubftances . will 
thicken,  increafe  in  length,  and  become  ftronger,  and 
in  a little  titne  what  was  at  firft  of  a gluey  nature,  will 
he  herbaceous,  cortical  and  ligneous.  The  cicatrice 
will  at  length  entirely  clofe  itfelf,  andreftore  the  com- 
munication between  all  the  veflels. 

The  wood  does  not  only  differ  from  the  bark  by  its 
denfity,  but  it  has  likewise  organs  that  are  not  to  be 
met  with  in  the  latter.  It  feems  to  be  peculiarly  pof- 
• fefied  of  air-veflels.  When  a new  rind  feems  to  con- 
vert  itfelf  into  wood,  this  converfion  is  only  in  ap- 
pearance. Nature  does  not  create  more  air-veffels 
than  are  fuited  to  one  entire  plant.  But  a multitude 
’ 0f  fibres  that  are  deftined  to  become  wood,  pre-exift 
under  the  new  rind,  and  unfold  themfelves  with  it  and 
hy^rt,  as  we  fee  the  butterfly  unfold  itfelf  in  and  by  the 
caterpillar.  Whilft  wood  is  nothing  more  than  a mu- 
cilaginous drop,  it  is  not  on  that  account  the  lefs  wood, 
than  when,  being  transformed  into  a pillar,  it  is  made 
to  fupport  the  enormous  weight  of  an  edifice. 

r jn  the  union  of  the . graft  with  its  fubjecl,  we  like- 
wife  perceive  a glutinous  fubftance  to  fpring  from  each 
of  them,  which  fpreads,  ramifies,  and  is  formed  into 
a ball  in  both,  becoming  by  degrees  herbaceous,  cor- 
- tical,  ligneous,  and  compofes  above  the  infertion  a roll 
whieh.  entirely  covers  it.  So  that  the  whole  body  of 
the  plant  is  fumifhed  with  fmall  fibres  on  the  infide, 
which  only  wait  for  favourable  circumftances  to- dif- 
fer 
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play  themfelves.  Thefe  circumliatiCes  are  a wound, 
an  incifion,  or  a fimple  ligature.  Thefe  fibres  are  the 
elements  of  cortical  or  ligneous  beds,  which  by  fpread- 
ing  themfelves  on  all  fides,  furnilh  the  neceflary  re- 
pairs. The  wound,  incifion,  and  ligature,  occafion- 
ing  the  nutritious  juices  to  flow  towards  thefe  invisible 
fibres,  expand  them,  and  render  them  perceptible 
to  US.  • ' , ' . < ■ ■ • 


What  thefe  fibres  perform  un  the  regeneration  of  the 
bark  or  wood,  the  germs  effeCi  in  the  reproduction  of 
a branch  or  young  (hoot.  The  fibres  of  the  bark  or 
wood  do  not  unite  themfelves  into- bundles,  in  or-; 
der  to  compofe  a bud  or  branch  in  miniature.  • This 
branch  is  already  completely  formed  in  its  germ : it 
there  pofTefles  the  elements  of  all  the  beds,'  whether , 
cortical  or  ligneous,  which  it  will  hereafter  exhibit 
under  different  proportions. 
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CHAP.  VII. 


r Of  Animal  (Economy,  i 

v.  ^ • . r * 

1.  rp  HE  nerves,  which  extend  themfelyes  Into  all 
X parts  from  the  brain,  are  dtftinguifited  into  fe« 
veral  principal  diyifions,  that  are  more  Or  left  lKtfhe- 
rons,  or  more  or  left  extended.  Each  divifion  reaches 
to  the  part  for  which  it  is  deftmed,  and  wbofe  ftru&nre 
correfponds  with  , the  functions  appointed  f(Jf  H to  ex- 
ercife.  . ' ~ 

H 

Feeling,  fight,  hearing,  tafte,  and  fmell,  are  five 
kinds  of  fenfes,  which  contain  under  them  an  almoft 
infinite  number . of  fpecies.  The  fhaking  which  "thfc 
mediate  or  immediate  impreffion  of  obje&s  produces 
on  the  nerves,  give  birth  to  thofe  different  kinds  of  fen- 
fations,  which  may  all  be  reduced  to  feeling,  of  which 
they  are  properly  only  modifications.  The  organs  of 
the  fenfes  are  the  inftruments  of  thefe  modifications. 

The  number,  extent,  and  delicacy  of  the  fenfes,  con- 
ftitute  the  degree  of  animal  perfection. 

The  nerves,  which  feem  to  refemble  the  firings  of 
a mufical  inftrument,  are  not  ftretched  like  them. 

Some  animals  are  endued  with  an  exquifite  fenfation, 
that  are  themfelves  little  otherwife  than  a thick  jelly : 
how  then  can  we  admit  of  elaftic  firings  in  this  jelly  i 
While  the  foetus  is  altogether  gelatinous,  it  regulates 
at  that  time  its  members.  With  what  amazing  fwift- 
nefs  then  mull  the  impreffions  of  objects  communicate 
themfelves  to  the  foul,  and  with  what  wonderftil  ce- 
lerity mult  the  members  obey  the  will ! Thus  we  are 
led  to  fuppofe  in  the  nerves  a very  fubtle  and  elaftic 
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fluid,  whofe  motions,  being  analogous  to  thofe  of  light 
or  electrical  fluid,  produce  all  the  phenomena  of  fight.  ■ 
The  animal  fpirits  are  this  fluid,  which  the  brain  ex- 
tracts and  prepares,  and  continually  conveys  into  the 
nerves,  and  by  the  nerves  into  all  parts,  which  it  nou- 
rifhes,  moves,  and  animates. 

y * S - * - • > - ► . ' Tt  '■  ’ * ' - c* 

& An  animal  had  In  vain  received  fenfes,  by  means 
of  which  it  can  diftinguifh.  between  what  is  ufeful  or 
hurtful,  rf  it  W£re  not  able  to  give  itfelf  any  motion 
for  the  attaining  the  one,  and  avoiding  the  other. 
It  is  therefore  fumirhed  with  organs  that  procure  to  it 
this  faculty.  Thefe  organs  are  the  mufcles,  which 
by  the  dilatation  and  contra&ion,  and  by  the  lengthen- 
ing and  fhortening  of  the  fibres  that  compofe  them, 
communicate  to  all  parts  the  motions,  which  are  fuited 
to  the  wants  of  the  animah  ' 

It  is  evident  from  experiments,  that  the  nerves  coiv 
tribute  to  the  exercife  of  the  mufcles.  The  fpirits 
which  they  difperfe  therein,  infinuate  themfelves  into 
all  the  veficles,  dilate  them,  and  by  that  means  put 
the  organ  into  a&ion. 

One  property  of  the  mufcular  fibre  (whofe  effects 
are  diverfified  a thoufand  ways,  the  caufe  of  whi£b 
is  concealed  from  us)  is  that,  by  virtue  whereof  it  con- 
trails itfelf  on  the  touch  of  arty  body  either  folid-  or 
liquid.  This  is  called  irritability.  By  means  of  this* 
different  parts  of  the  animal  continue  to  move,  after 
they  have  been  feparated  from  the  entire  body ; and 
the  heart  when  detached  from  the  breaft,  performs  a 
number  of  pulfations,  which  ceafe  as  foon  as  the  blood 
in  the  cavity  is  evacuated. 

S.  Froth  that  part  which  gives  admittance  to  the 
food  to  that  from  whence  iflue  the  remains  of  the 
grofler  aliment,  there  is  one  continued  canal,  which  is 
formed,  differently  in  different  parts  of  its  extent. 
There  are  three  principal  parts  diitinguifhed  in  it,  the 
cefophagus,  the  ftomach,  and  the  inteuines.  All  thefe 
are  formed  of  various  membranes  laid  on  each  other, 
and  which  are  themfelves  compofed  of  fibres  drfferetitly 
interwoven.  The  mufcles,  wherewith  one  or  feveral 
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of  thefe  membranes  are  furnifhed,  Imprefs  divers  mo- 
tions on  the  organ,  the  principal  of  which,  called  the 
periftaltic  motion,  brutfes  the  aliment,  and  .forces  it 
from  place  to  place. 

- The  cefophagus  receives  the  grofler  nourifliment, 
and  tranfmits  it  to  the  ftomachj  that  prepares  it : it 
afterwards  pafles  into  the  inteftines,  where  it  under- 
goes-new  preparations.  From. thence  it  enters  into 
fome  very  fmall  veflels,  that  convey  it  to  thofe  of  cir- 
culation, where  it  aflumes  the  name  of  blood. 

. Whilft  the  moft  delicate  part  of  the  aliment  is  fub- 
je<Sl  to  all  thefe  preparations,  the  grolfer  part  is  eva- 
cuated by  different  ways.  Sometimes  the  animal  dif. 
charges  it  as  a fediment;  fometimes,  being  transformed 
into  a fubtle  liquor,  it  is  carried  to  the  furface  of  the 
fkin  by  an  .infinite  number  of  very  fine  veflels,  whofe 
exterior  apertures  are  fometimes  fo  fmall,  that  a grain 
of  fand  is  capable  of  covering  feveral  thoufands  of 
them. 

Other  veflels,  which,  like  them,  communicate  with 
the  furface  of  the  fkin,  pump  in  the  vapours  that;float 

in  the  air,  and  convey  them  into  the  blood. 

■ »*•-■**  •’  /*+*'+* 
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4*.  Circulation  is  that  perpetual  motion  by  which  the 
blood  is  conveyed  from  a point  internally  to  the  extre- 
mities, and  flows  back  again  from  the  extremities 
to  the  fame  point.  The  point  from  whence  the 
blood  fprings,  is  called  the  heart.  It  has  two  motions* 
one  of  contraction,  or  fyftole,  by  means  of  which  it 
forcps  out  the  blood  contained  in  its  cavity  ; the  other 
of  dilatation,  or  diaftole,  by  which  it  receives  the  blood 
again. 

Two  kinds  of  veflels  join  to  the  heart:  the  arteries* 
which  convey  the  blood  to  the  extremities : and  the 
veins,  which  carry  it  back  from  the  extremities  to  the 
heart. 

The  arteries,  have,  like  the  heart,  their  fyftole 
and  diaftole,  and  divide  and  fubdivide  themfelves,  as 
do  the  veins,  into  an . infinite  number  of  branches 
which  diminifh  in  diameter  in  proportion  to  their  dif- 
tance  from  their  origin.  The  perpetual  motion  of  cir- 
culation prevents  the  corruption  and  extravafation  of 
the  nutritious  fluid,  rectifies  it  more  and  more,. and 
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difpofes  it  infenfibly  to  renew  the  nature  of  the  ani- 
mal. 


5.  Refpiration  comprehends  two  alternate  motions ; 
one  of  infpiration,  which  gives  admittance  to  the  air 
within ; the  other,  of  expiration,  which  expels  it,  filled 
with  the  vapours  of  the  animal. 

The  lungs  are  the  principal  inftrument  of  refpita- 
tion.  They  are  principally  formed  of  a collection  o(\ 
cartilaginous  and  elaftic  veflels,  which  after  being  di- 
vided and  fubdivided  into  a prodigious  number  of 
branches,  meet  in  different  parts,  and  terminate  at  one  - 
or  more  common  trunks,  called  tracheae,  or  air-veflels, 
jvhofe  aperture  is  on  the  outfide  of  the  body.  The 
ramifications  of  the  air-veflels  are  connected  with  the 
veflels  of  circulation,  and  accompany  them  in  their 
paflage  through  the  lungs. 

6.  The  blood  is  that  rich  fund  from  whence  nature 

derives  that  diverfity  of  materials  fhe  employs  with  fio 
much  art  in  the  conftruCtion  of  her  wonderful  edifice. 
This,  as  it  goes  from  the  heart,  meets  here  and  there 
oh  its  paflage,  with  certain  organical,  and  as  it  were 
knotted  mafles,  in  which  it ' is  ■ deprived  of  part  of  its 
principles.  > 

We  cannot  yet  penetrate  the  true  mechanifm  of  fe- 
cretions : we  can  only  faintly  perceive,  that  they  may 
operate  by  a gradual  diminution  cf  the  veflels  which  pro- 
portions them  to  the  fmallnefs  of  the  particles  that  are 
to  be  feparated.  They  may  likewife  bear  fome  affinity 
to  the  configuration  of  thefe  particles,  and  favour  the  ex- 
traction of  them  by  means  of  the  flackening  which  their 
folds  and  various  circumvolutions  occafion  to  the  circu- 
lation. Thus  it  is,  that  by  caufingthe  aliment  to  pafs 
through  an  infinite  number  of  ftrainers,  nature  is  ena- 
bled to  affimilate  it  to  the  animal,  and  incorporate  it 
into  his  flefh.  This  is  then  neither  chyle  nor  blood  ; it 
is  a much  more  refined  liquor,  and  known  by  the  vague 
name  of  lymph.  * . c > 

We  cannot  fufficiently  admire  the  prodigious  appa- 
ratus of  veflels  which  perform  the  fecretions  of  diffe- 
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*ent  kinds.  The  kidneys,  the  liver,  the  pancreas,  &c, 
are  labyrinths  in  which  the  moil  coniummate  anato- 
mift  is  bewildered.  We  can  only  difcover  an  ineonceiv- 
' able  mafs  of  white  tubes,  of  an  extreme  minutenefs, 
folded  together  in  thoufands  of  different  ways,  which 
< do  not  admit  of  any  inje&ion,  through  adhering  to  the 
blood-velfels,  and  being  placed  end  to  end  by  imagi- 
nation, would  have  formed  a chain  of  feveral  leagues 
in  length.  This  is  all  that  art  has  difcovered  in  the  fe- 
cretory  organs.  But  what  a number  of  interefting 
particulars  do  thefe  minute,  hollow  cylinders  contain, 
which  have  efcaped  our  notice  and  inftruments  ! What 
varieties  Ihould  we  not  difcover  in  their  ftru&ure,  func- 
tions, and  exercife,  were  we  permitted  to  defcend  to 
the  bottom  of  this  abyfs,  which  conceals  from  us  one 
of  the  greateft  myfteries  of  nature  J All  the  animal 
liquors  are  more  or  lefs  mixed,  and  thefe  fmall  tubes 
no  doubt  fufficiently  diverfify  themfelves  to  feparate 
the  various  molecules  that  muft  neceflarily  enter  into 
the  compofition  of  every  liquor.  What  then  muft  be 
the  ftrufture  and  finenefs  of  thofe  that  filtre  this  fo  fub- 
tle  fluid,  compared  fo  aether  or  light,  whofe  operati- 
ons are  diverfified  almoft  to  infinity  ! 

% ' x-  - . 

7.  If  we  knew  how  a Angle  fibre  grows,  we  could 

tell  how  the  animal  grows  ; for  his  whole  body  is  on- 
ly an  alfemblage  of  fibres  differently  formed  and  com- 
bined. Growth  always  operates  by  nutrition.  This 
incorporates  into  the  fibre  molecules  of  an  heterogene- 
ous nature,  which  extend  in  every  part..  The  fibre  in- 
corporates into  itfelf  the  heterogeneous  molecules  ac- 
cording to  its  own  nature.  A fibre  is  not  itfelf  compofe 
ed  of  other  fibres  : thefe  of  ftill  other  fibres  : of  which 
there  would  be  no  end.  But  the  fibres  are  formed  of 
molecules  or  elements,  whofe  nature,  proportions,  and 
arrangement  refpectively  determine  the  i'pecies  of  the 
fibre,  and  adapt  it  to  fuch  or  fuch  a function.  Thus 
the  element*  of  the  fibre  ultimately  effect  aflimilation, 
which  by  uniting  with  the  nutritious  molecules,  that 
have  an  affinity  with  them,  give  them  at  the  fame  time 
an  arrangement  1 ke  that  which  they  have  in  the  fibre. 
The  extenfiou  of  the  fibre  fiippofes  that  its  elements 
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liiay  feparate  more  or  lefs  from  each  other  f but  tY* 
reparation  hath  its  bounds,  and  thefeiiounds  are  th~>r* 
of  the  growth*  In  proportion  as  the  fibre  grows,  it 
acquires  more  folldity  ; for  the  number  of  incorporat- 
ed molecules  increafe  every  day,  fince  it  only  grows  by 
the  fucceflive  incorporation  of  molecules  of  a foreign 
nature.  The  mbre  the  folidity  augments,  the  more 
the  fupplenefs  diminifties.  There  are  more  molecules* 
more  coherence,  and  more  attraction  under  the  fame 
foldage.  The  fibre  then  tends  to  a ftate  of  hardjiefs* 
and  the  laft  term  of  its  hardening  is  the  laft  term  of  its 
growth.  _ When  therefore  the  fibre  has  acquired  its 
full  growth,  it  is  a little  organized  whole,  compofed 
of  its  elementary  molecules  and  of  all  fuch  as  nutrition 
has  incorporated  with  them  during  the  time  of  their 
growth.  If  then  we  could  feparate  from  the  fibre  all 
thole  molecules  which  it  has  affimilated,  we  fhould  re- 
ftore  it  to  its  primitive  ftate.  This  may  be  applied  to 
all-organized  bodies.  They  are,  if  we  chufe  to  term 
them  fo,  net-work.  A fecret  force  impels  the  aliment 
into  the  mefties.  It  increafes  them  in  bulk,  and  fup- 
plies  them  by  little  and  little.  It  likewife  insinuates  it- 
felf  into  the  elements  of  the  folid  mafs  itfelf.  The  net- 
work ftretches,  thickens,  and  at  length  becomes  hard. 

8.  We  may  eafily  comprehend,  that  all  the  parts  of 
an  animal  have  fuch  ftrict  and  indifToluble  connexions 
between  them,  that  they  muft  neceffarily.have  always 
co-exifted  together.  The  arteries  imply  veins  ; both 
of  thefe  imply  nerves  $ the  latter  the  brain  ; this  the 
heart  ; and  all  of  them  fuppofe  a multitude  of  other 
organs. 

. In  the  germ  of  a chicly  there  is  at  firft  perceived  a vi- 
tal point,  whofe  conftant  motion  attrads  the  attention 
of  the  obferver.  The  alternate  and  quick  contraftions 
and  dilatation  of  the  living  point,  fufficiently  indicate 
that  it  is  the  heart.  But  this  heart  feems  to  be  with- 
out any  covering,  and  to  be  placed  on  ‘the  outfide  of 
the  body.  Inflead  of  appearing  in  the  form  of  [a  mi- 
nute pyramidical  mafs,  it  bears  the  refemblance  of  a 
fe  mi-circle.  The  other  vifcera  appear  fucceffively,  and 
range  themfelves  after  each  other,  found  the  living 
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fpeck.  We  cannot  as  yet  difcover  any  general  folding; 
all  is  tranfparent  or  nearly  fo  ; and  we  only  perceive 
by  little  and  little  thole  teguments  which  are  appointed 
to  cover  all  the'  parts. 

In  its  fird  beginnings  the  animal  is  almoft  entirely 
fluid.  It  afTumes  by  degrees  the  confidence  of  a jelly. 
All  the  parts  have  at  that  time  fituations,  forms,  and 
proportions  that  differ  greatly  from  thofe  they  will  af- 
terwards acquire.  Their  minutenefs,  foftnefs,  and 
tranfparency,  ferve  to  ftrengthen  the  illufion.  We 
perfuade  ourfelves  that  a bowel  is  naked,  becaufe  the 
tranfparency  of  its  coverings  prevents  our  feeing  them. 

Would  you  have  a fhort  and  eafy  demonftration  of 
this  ? When  the  lungs  of  the  chick  are  firft  perceiva- 
ble, their  fize  is  but  the  thoufandth  part  of  an  inch. 

It  would  hate  been  vifible  at  the  fourth  part  of  thefe  di- 
menfions,  were  it  not  endued  with  the  mod  perfect 
tranfparency.  The  liver  is  much  greater  at  its  fird  ap- 
, pearance  ; its  tranfparency  alore  renders  it  in  vifible. 

It  is  the  fame  with  refpeft  to  the  kidnies  ; whilit  they 
do  not  even  appear  to  exid,  they  feparate  the  urine. 
The  heart  forces  the  blood  into  the  arteries  fooner  than  • 
we  could  imagine,  and  it  can  only  be  perceived  by  the 
growth  of  the  embryo,  which  is  never  more  accele-  ■ 
rated  than  at  the  very  beginning. 

Many  other  fails  concur  with  thefe  to  eftablifh  the 
pre-exidence  of  organical  wholes.  We  are  now  fenfi- 
ble  that  many  infers  multiply,  like  plants  by  flips. 
We  cut  them  into  pieces,  and  each  piece'  regenerates, 
and  becomes  a perfect  animal.  Earth  worms  are 
ranked  in  the  number'  of  thofe  infeits  that  are  repro- 
duced from  their  disjoined  parts ; and  being  very  large, 
the  phenomena  of  their  re-generation  is  very  percepti-' 
ble.  The  piec^  t&at  is  cut  off  never  acquires  any 
growth  j ir  always  remains  as  the  fettion  left  it  ; only 
it  falls  away  in  a greater  or  leffer  degree.  '.But  after 
fome  time,  there  appears  a very  fmall  whitifh  pimple  at 
its  extremity,  which  increafes  by  degrees  in  bulk  and 
length.  There  are  foon  difcovered  rings,  which  are  at 
fir (f  very  fmall  and  very  clofe.  They  fpread  themfely  es. 
tnfenfibly  every  way.  New  lungs,' a new  hearty  a new 
ftomaeh  difclofe  themfelves,  and  with  them  a number 
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of  other  organs.  This  piece,  which  is  newly  produc-. 
ed,  is  extremely  (lender,  and  altogether  difproportion- 
ed  to  the  part  on  which  it  grew.  We  may. imagine 
that  we  fee  a worm  growing,  that  is  grafted  at  the  end 
of  this  (lamp,  endeavouring  to  lengthen  it.  This  lit- 
tle vermiform  appendage  unfolds  itfelf  (lowly.  At- 
length  it  equals  in  thicknefs  the  piece  from  which  it 
was  cut,  and  exceeds  it  in  length.  It  can  no  longer  be 
diftinguilhed  from  it  but  by  its  colour,  which  is  fome- 
what  fainter.'' 

Here  then  is  a new  organical  whole,  which  grows 
from  an  ancient  one,  and  conftitutes  the  fame  body  ; 
there  is  an  animal  flip  that  grows,  and  expands  itfelf 
on  the  flump  of  an  animal,  as  a vegetable  flip  does  on 
the  trunk  of  a tree.  Remark  that  the  flelh  of  the  piece 
cut  off  does  not  in  the  lead  contribute  to  the  formation 
of  the  part  regenerated  ; the  flump  only  nouriflies  the 
bud ; it  being  the  foil  in  which  the  latter  vegetates. 
The  part  then  that  is  reproduced  pa/Tes  through  all  the 
degrees  o£  growth,  by  which  the  entire  animal  itfelf 
had  before  parted.  It  is  a real  animal,  which  pre-ex-! 
ifted  in  a very  minute  form  in  the  great, animal  that 
ferved  it  for  a matrix. 

Vegetable  pfodudtions  exhibit  to  us  the  fame  confe- 
quences.  If  a tree*  be  topped,  that  does  not  lengthen 
the  trunk  of  it ; but  it  fends  forth  a multitude  of  buds, 
in  each  of  which  a little  tree  is  comprized  ; for  the  bud 
or  branch  that  fprings  from  it  is  a tree  that  is  grafted 
on  the  trunk  that  nourifhes  it. 

Every  feed  in  like  manner  comprizes  a plant  in  mi- 
niature. On  every  flight  infpe&ion,  we  may  very  ea- 
fily  difcover  the  ftalk,  leaves,  and  root  of  this  little 
plant.  But  the  curious  ri/e  much  higher,  and  diftin- 
guifli  in  a bulbous  root  or  growing  bud  thofe,  flowers 
that  do  not  blow  till  the  enfuing  year. 

- When  the  evolution  commences  in  ^n  organized 
whole,  its  form  differs  fo  prodigionfly  from  that  which 
it  will  afterwards  aflume,  that  we  ftiould  be  apt  to  mif-1 
take  it,  were  it  not  to  accompaijy  it  in  all  its  progrefs. 
Obferve  how  the  parts  of  a plant  are  folded  together,' 
entwined,  and  concentred  in  the  feed  or  bud.  Is  this 
that  majeftic  tree  which  will  ere  long  overfliadow  a 
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large  fpace  of  ground  ? This  the  flower  that  will  fe 
gracefully  difplay  itfelf?  This  the  fruit  that  will  af- 
fume  fuch  a regular  figure  ? You  can  now  only  per- 
ceive an  unformed  mafs  of  knotted  filaments  ; yet  this 
little  chaos  may  already  contain  in  it  a world,  where 
all  is  organized  and  fymmetrical. 

You  have  feen  frogs  in  their  fir  ft  ftate.*  They  ap- 
pear at  that  time  to  confift  only  of  a large  head  and  a 
long  tail.  Such  is  the  chick  when  it  begins  to  expand 
itfelf.  A very  {lender  tail,  ftretched  in  a ftrait  line,  is 
joined  to  a large  head  ; and  the  tail  contains  all  the  ru- 
diments of  the  compofition  ; nay,  is  the  very  compo- 
fition  itfelf ; and  the  tranfparent  fluid  in  which  it  floats, 
conftitutes  the  whole  of  thofe  foft  parts  with  which  it  is 
afterwards  covered. 

The  fame  revolutions  therefore,  which  occafion  the 
heart  of  the  chick  to  "be  transformed  from  its  femicir- 
cular  fhape  to  that  of  a pyramid,  bring  the  chick  it- 
felf to  a ftate  of  perfection.  If  we  were  permitted  to 
penetrate  to  the  foundation  of  the  mechanifm  whereby 
thefe  fucceffiv*  changes  are  effected,  what  a degree  of 
certainty  would  our  knowledge  of  animal  ceconomy  ac- 
quire ? We  fhould  contemplate  in  an  egg,  the  myfte- 
ries  of  the  two  kingdoms.  And  how  greatly  would 
our  admiration  of  that  adorable  wifdom  be  increafed, 
which  by  the  fimpleft  means  ever  attaint  the  moft  no- 
ble ends  ? 


9.  Thus  the  more  we  afcend  to  the  origin  of  orga- 
nized beings,  the  more  we  are  perfuaded  of  tlieir  hav- 
ing pre-exifted  before  their  fir  ft  appearance  ; not  fuch 
as  they  firft  appear  to  us,  but  difguifed  ; and  were  it 
poffible  for  us  to  trace  them  ftill  higher,  we  fhould  un- 
doubtedly find  them  ftill  more  difguifed,  and  fhould 
be  at  a lofs  to  conceive  how  they  could  afterwards  ac- 
quire that  form  under  which  they  prefent  themfeves  to 
cur  view.  v , r 

We  can  then  form  no  idea  of  the  primitive  ftate  of 
organized  beings  \ thlt  ftate  which  1 conceive  jto  be 
given  them  by  the  hand  of  him  who  has  ordained  all 
things  from  the  beginning. 

The  forms  of  vegetables  and  animals,  which  are  to 
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elegantly  varied,  are,  in  the  fyftem.  of  this  admirable 

pre-ordination,  only  the  laft  ref  alts  of  that  multitude 
of  fucceffive  revolutions,  they  have  been  liable  to,  and 
which  perhaps,  commenced  at  their  firft  creation- 
How  great  would  be  our  aftoniflmient,  could  we  pe-^ 

" netrate  into  thefe  depths  and  pry  into  the  abyfs  ! "We 
(Kould  there  difcover  a world  very  different  from  ours, 
whofe  ftrange  decorations  would  infinitely  embarrafs 
us.  The  (late,  in  which  we  conceive  all  organized 
bodies  to  have  been  at  firft,  is  the  germ  ftate  ; and  the 
germ  contains  in  miniature  all  the  parts  of  the  future 
animal  or  vegetable.  It  does  not  then  acquire  organs 
which  it  had  not  before  : but  thofe  organs  which  did 
not  hitherto  appear,  begin  now  to  be  vifible.  We  do 
not  know  the  utnrioft  limits  of  the  divifion  of  matter ; 
but  we  fee  that  it  has  been  divided  in  a prodigious  de- 
gree. From  the  elephant  to  the  mite,  from  the  globe 
of  the  fun  to  a globule  of  light,  what  an  inconceivable 
multitude  of  intermediate  degrees  are  there ! This 
animalcule  enjoys  the  light  ; it  penetrates  into  its  eye; 
it  there  traces  the  image-of  objedts  ; how  extremely 
minute  muft  this  image  be  ! And  how  much  more 
minute  muft  that  of  a globule  of  light  be,  when  feve- 
ral  thoufands,  and  perhaps  millions  enter  at  the  fame 
time  into  this  eye  ! But  great  and  fmall  are  nothing 
‘ in  themfelves,  and  have  no  reality  but  in  our  imagina- 
tion. It  is  poffible,  that  all  the  germs  of  the  fame 
kind  were  originally  joined  or  linked  into  each  other, 
and  that  they  are  only  unfolded  from  generation  to  ge- 
neration, according  to  that  progreffion  which  geome- 
try endeavours  to  aflign  them. 

10.  A barren  egg  has  a yolk  as  well  as  a fruitful 
egg.  And  a ray  of  light  has  lately  fprung,  which  has 
greatly  brightened  the  (hades  in  which  the  myftery  of 
generation  is  yet  involved. 

Beftow  your  whole  attention  on  this  ; you  will  then 
difcover  an  important  truth.  A membrane  clothes 
the  ijjfide  of  the  yolk  of  an  egg  : and  this  membrane* 
which  is  only  a continuation  of  ihat  which  clothes  the 
{lender  inteftine  of  the  cljick  is  common  to  the  ftcmach* 
larynx,  mouth,  fein,  and  epidermis.  Another  mem- 
' - brane 
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brane  enfolds  the  yolk  externally,  and  this  membrane 
is  only  a continuation  of  that  which  covers  the  intef- 
tine ; it  unites  with  the  mefentery  and  peritoneum. 
The  arteries  and  veins  that  gently  move  in  the  egg,  de- 
rive their  origin  from  the  mefenteric  arteries  and  veins 
of  the  embryo.  The  blood  which  circulates  in  the 
yolk  receives  the  principle  of  its  motion  from  the  heart. 

The  yolk  then  is  eflentially  a dependance  of  the  in- 
teftines  of  the  embryo,  and  together  with  that  compof- 
es  one  and  the  fame  organized  whole.  So  that  at  its 
primary  period,  it  is  in  fome  meafure  an  animal  with 
two  bodies  : the  head,  trunk,  and  extremities,  com- 
pofe  one  of  thefe  bodies  ; the  inteftines  and  yolk  the 
other.  At  the  end  of  the  incubation  the  fecond  body 
conne&s  .with  the  firft,  and  both  together  form  only 
one.  m 

But  fince  the  yolk  exifts  in  eggs  that  have  not  been 
fecundated,  it  necelfarily  follows  that  the  germ  exifted 
before  fecundation.  This  confequence  is  felf-evident : 
you  have  lately  feer\  that  the  yolk  is  an  elfential  part  of 
the  chick  : you  have  obferved  the  ftrift  communication 
between  them.  The  chick  then  has  never  exifted 
without  it.  The  membranes  and  veflels  of  the  former 
are  only  a continuation  of  the  membranes  and  veifels  of 
the  latter.  And  what  a number  of  other  things  are 
there  which  are  common  to  both,  and  which  prove 
that  they  have  never  exifted  feparatjely  ! The  chick 
was  then  entire  in  the  egg  before  fecundation.  It  does 
not  therefore  owe  its  origin  to  the  liquor  furniQied  by 
the  cock,  but  was  Iketched  in  miniature  in  the  egg  pre- 
vious to  it.  Confequently  the  germ  belongs  folely  to 
the  female.  Such  is  the  grand  conclufion  which  im- 
mediately flows  from  fafts. 

11.  The  yolk  has  its  liquors,  which  are  conveyed  to 
it  by  the  arteries  belonging  to  it.  They  circulate,  and 
without  veins  there  is  no  circulation.  But  the  arteries 
- and  veins  of  the  yolk  take  their  origin  from  the  mefen- 
teric arteries  and  veins  of  the  foetus  s the  heart  of  this 
latter  therefore  is  the  principle  of  that  circulation  whic;h 
is  performed  in  the  yolk.  At  the  time  of  fecundation 
the  foetus  does  not  weigh  the  hundredth  part  of  a grain. 

The 
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The  yolk  at  that  time  weighs  a drachm.  It  has  vefTels 
proportioned  to  its  fue.  Now  if  the  germ  exifted  en- 
tire before  fecundation,  that  which  we  ftile  generation 
is  not  the  fame  thing  with  it  ; but  is  only  the  begin- 
ning of  an  evolution,  which  will  by  degrees  bring  to 
open  day  fuch  parts  as  were  before  hid  in  impenetrable 
darknefs.  r - 

But  the  germ  cannot  be  unfolded  in.  an  egg  which 
has  not  been  fecundated,  and  incubation  would  only 
accelerate  its  eruption.  What  does  it  then  want  to 
enable  it  to  continue  to  grow  ? It  has  all  the  organs 
neceflary  for  evolution.  It  has  even  already  attained 
to  a certain  degree  of  growth,  for  eggs  grow  in  young 
pullets  ; their  ovaries  contain  them  of  all  fizes.  * The 
germ  grows  there  likewife. : Why  cannot  it  enfold  it- 
felf  more  than  it  does  ? What  fecret  force  retains  it 
within  the  limits  of  iirviftbility  ? 

. Growth  depends  on  the  impulfion  of  the  heart. ,*■  A 
greater  degree  of  growth,  depends  on  a greater  im- 
pulfion,  This  degree  of  impulfion,  confequently  is 
wanting  in  the  heart  of  the  germ  that  has  not  been  fe- 
cundated. 

This  demonftrates  a certain  refinance  in  the  parts  of 
the  germ.  As  it  grows  this  refiftance  augments  in 
proportion.  Some  refift  more  than  others  ; .the  bony 
parts*  or  fuch  as  will  hereafter  become  fo,  more  than 
the  membranous,  or  thofe  that  always  muft  remain  fo. 

The  heart  of  the  germ  then  hath  need  of  a determi- 
nate ftrength  to  furmount  this  refiftance.  Its  ftrength 
is  in  its  irritability,  or  in  the  power  it  has  of  contract- 
ing itfelf  on  the  touch  of  fome  liquid.  Wherefore  to 
augment  the  irritability  of  the  heart,  -is  to  augment  its 
impulfive  force. 

Fecundation,  without  doubt,  increafes  this  force, 
and  that  can  alone  increafe  it  ; fince  it  is  only  by  the 
intervention  of  it  that  the  germ  partes  over  the  narrow 
limits  that  it  retained  in  its  firft  ftate. 

12.  The  fecundating  liquor  then  is  a true  ftimulus, 
which  being  conveyed  to  the  heart  of  the  germ,  excites 
it  in  a powerful  manner,  and  communicates  to  it  a new 
activity.  Herein  confifts  what  we  call  conception*’ 
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Motion  being  once  impreffed  on  the  little  moving  bo-* 
dy,  is  there  preferved  folely  by  the  energy  of  its  admira- 
ble mechanifm. 

But  it  is  not  fufficient  that  the  heart  fliould  acquires 
force  fufficient  to  furmount  the  refiftance  of  folids : it 
is  like  wife  neceflary  that  the  fluid  which  it  conveys  to 
them,  and  which  Ihould  nourifh  them,  be  proportion- 
able  to  the  exceeding  fineness  of  the  veffels.  Such 
blood  as  ours  would  not  circulate  in  them.  The  blood 
of  the  embryo  is  at  firft  a whitifh  liquor  ; it  grows  yel- 
low by  degrees,  and  afterwards  red.  The  more  the 
impulsion  of  the  heart  dilates  the  veffels,  the  more 
grofs,  heterogeneous,  and  colouring  particles  they  ad- 
mit. 

The  prolific  liquor  then  is  not  a mere  ftimulus  ; but 
is  likewife  a nutritious  fluid  appropriated  to  the  ex- 
treme delicacy  of  the  germ,  it  has  already  difcharg- 
ed  the  fun&ions  of  a nutritious  fluid  in  the  fecundating 
individual ; has  caufed  its  comb,  fpurs,  &c.  to  growr 
- and  give  ftrength  to  all  his  parts. 

Being  conveyed  by  the  arteries  to  all  the  parts,  it 
unites  itfelf  to  the  nature  of  each.  From  thence  pro- 
ceeds growth,'  which  we  do  not  pay  a fufficient  attenti- 
on-to. 

It  is  not  long  before  the  chick  lofes  the  firfl  form. : 
Wings,  thighs,  legs,  and  feet,  fpring  out  from  its  long 
tail.  Every  thing  is  formed  and  difpofed  on  a new  mo- 
del. The  little  animal,  which  before  was  ftretched 
out  in  a ftrait  line,  becomes  more  and  more  curved.  It 
is  fuco  (lively  clothed  with  mufcles,  tendons,  flefh, 
and  feathers,  and  in  eighteen  or  twenty  days  is  a per- 
fect chick. 

13.  If  the  chick  pre-exifled  ift  the  hen,  it  Is  probable 
the  horfe  pve  exifted  in  the  mare.  This  would  be  more 
than  probalve,  if  it  could  be  demonftrated  that  the 
young  of  viviparous  animals  are  enclofed  in  eggs  ; and 
that  all  the  difference  between  viviparous  and  ovipa- 
rous may  be  reduced  to  this,  that  the  former  are  hatch- 
e-tin  the  belly  of  their  mother,  and  the  latter  after  their 
ifTuing  from  it. 

' • -'V—  • • /Oft 
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On  the  two  fides  of  viviparous  females  there  is  a bo- 
dy refemblmg  a bunch  of  grapes,  whofe  berries  are 
bladders  full  of  a limpid  liquor.  Thefe  are  the  ovaries.  ' 
They  communicate  with  the  matrix  by  two  canals 
which  they  call  tubes.  The  prolific  liquor  penetrates 
into  the  matrix,  and  pafles  through  the  tubes  into  the 
ovaries.  Thus  fecundation  is  performed.  Foetus’s 
have  more  than  once  been  found  in  the  ovaries  itfelf. 
Nay  more,  thefe  has  been  found  in  a veficle  of  the  ova- 
ry a complete  foetus  fketched  in  miniature. 

The  veficles  of  the  ovary  are  real  eggs,  which  after 
fecundation  defcend  through  the  tubes  into  the  matrix, 
and  are  there  in  fome  meafure  brooded  on.  In  a fliort 
time  they  fend  forth  fmall  roots,  which  convey  the 
nourifhment  to  the  embryo.  The  fupplenefs  of  their 
membranes  admits  of  their  extending,  and  mak- 
ing way  for  the ; growth  of  the  little  animal.  It  is 
tfue,  the  growing  of  eggs  is  not  familiar  to  us ; but 
the  hrftory  of  infedts  furnifhes  us  with  many  examples 
of  it.  It  even  exhibits  to  us  infedls  that  are  at  one 
time  viviparous,  and  another  oviparous.  The  young 
were  in  that  cafe  at  firft  lodged  in  eggs  j fometimes  the 
mother  lays  her  eggs ; and  at  another  brings  forth  liv* 
ing  young  ones,  which  were  hatched  from  thefe  eggs 
whilft  they  were  yet  in  the  matrix. 

It  is  therefore  the  fame  with  refpedl  to  the  veficle  of 
the  ovary,  as  the  eggs  of  the  hen  ; a germ  pre-exifts 
in  them,  but  its  tranfparency  conceals  it  from  us  j fe- 
cundation renders  it  vHible. 

14*.  But  if  an  afs  cover  a mare,  there  will  be  produc- 
ed from  this  commerce  an  animal  that  will  not  proper- 
ly be  a horfe,  but  a mule.  Nevertheless  a horfe  was 
delineated  in  miniature  in  the  egg  of  a mare : . how 
then  was  it  transformed  into  a mule  ? Whence  did  it 
acquire  thefe  long  ears  and  flender  tail  fo  different  from 
thofe  of  the  horfe  ? DifTedtion  increafes  the  difficulty 
that  informs  us  that  this  kind  of  transformation  does 
not  only  affedt  the  exterior  part  of  the  animal,  but  the 
interior  likewife.  The  voice  of  the  mule  is  very  like 
that  of  the  afs,  and  does  not  at  all  refemble  the  neigh- 
ing of  a horfe.  The  organ  of  the  afs’s  voice  is  ah  in- 
ftrument  that  is  very  much  compounded.  A drum  of 

• ^ a fingular 
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& Angular  ft  rupture,  lodged  within  the  larynx,*  is  the 
principal  part  of  this  inftrument.  This  drum  does  not 
exift  in  the  horfe,  but  is  found  in  the  mule. 

The  liquor  furnifhed  by.  the  male  confequently  pe- 
netrates the  germ,  fince  it  there  produces  fuch  great 
changes.  But  thefe  relations  of  the  prolific  liquor  to 
the  male  that  furnilhes  it  muft  nece/Tarily  depend  on 
the  organs  that  prepare  it. 

There  are  then  in  thefe  organs  veflels  that  feparate 
the  molecules  relative  to1  different  parts  of  the  great 
whole.  Thefe  molecules  are  carried  to  the  correfpond* 
ing  parts  of  the  germ,  fince  thefe  parts  are  modified 
by  the  action  of  the  prolific  liquor.  Therefore  it  in* 
corporates  itfelf  with  the  germ,  and  is  the  firft  aliment 
of  ir,  as  I faid  above. 

* The  organs  of  generation  in  the  afs  have  then  a re- 
lation to  his  ears  and  larynx ; for  they  prepare  a liquor 
which  modifies  the  ears  and  larynx  of  the  little  horfe  en- 
clofed  in  the  egg.  The  prolific  liquor  creates  nothing, 
but  it  may  change  what  already  exifts.  It  does  not 
engender  the  chick,  which  exifted  before  fecundation. 


Growth  depends  on  nutrition  ; the  latter,  on  incor- 
poration. At  the  fame  time  that  a part  grows,  it  ac-  • 
• quires  folidity.  An  excefs  of  growth  in  a part,  then, 
fuppofes  a fuper-abundance  of  nutritious  juices,  or  fuch 
as  are  more  active.  The  exceffive  growth  which  the 
ears  of  the  horfe  acquire  by  the  influence  of  the  liquor 
of  the  afs,  indicates  that  this  liquor  contains  more 
molecules,  appropriated  to  the  unfolding  of  the  ears, 
than  that  of  the  horfe,  or  that  the  molecules  of  the.firft 
are  more  active  than  thofe  of  the  feqond. 

The  extreme  foftnefs,  I fhould  rather  fay  fluidity  of 
the  germ,  renders  every  part  of  it  extremely  modifiable. 
Thofe  changes  which  you  cannot  conceive  in  an  adult, 
depend  here  On  the  flighted  caufes. 

But  if  the  fecundating  liquor  modifies  the  germ,  this 
, latter  in  its  turn,  modifies  the  a&ion  of  that  liquor.  By 
virtue  of  its  organization,  it  tends  to.  preferve , its  pri- 
mitive (late,  refifts  more  or  lefs  every  new  arrangement, 
and  never  gives  way  without,  always  retaining  fome- 
' thing  of  its  primitive  form.  . ’ 

— \ 15.  Ev$ry 
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15-  Every  organical  production,  which  has  more  or 
lefs  parts  than  the  fpecies  requires  or  conftruCted  other- 
wTife,  is  a monfter.  The  mule,  which  doth  not  engender, 
is  therefore  a monfter.  v ' 

The  objeCtof  inquiry  in  a celebrated  difpute  was, 
whether  certain  monfters  were  fuch  originally  or  by 
accident.  V 

It  is  evident,  that  the  mule  is  not  a monfter  from 
its  origin.  Monfters  do  no,t  exhibit  fo  much  conftan- 
cy  and  uniformity.  Does  an  egg  of  which  the  mule  is 
formed  offer  itfelf  in  the  ovary  of  the  mare  juft  at  the 
inftant  in  which  the  afs  fecundates  it  ? 

Two  branches,  fruits  or  leaves,  graft  themfelves 
accidentally,  and  afterwards  compofe  but  one  and  the 
fame  whole.  Art  performs  other  more  extraordinary 
engraftings,  in  all  of  which  there  is  nothing  originally 
monftrous. 

That  which  happens  between  two  fruits  that  ingraft 
themfelves,  or  are  ingrafted  by  force,  may  happen  in 
the  matrix  between  two  eggs,  or  in  an  egg  between 
two  germs.  Two  foetus’s  that  are  united  only  by  the 
fpine,  perfectly  refemble  two  fruits  that  are  grafted  by 
contact.  An  egg  fometimes  contains  tw;o  yolk^ ; con- 
fequently  it  then  contains  two  germs.  How  eafy  a 
matter  is  it  for  them  to  engraft  themfelves  together  as 
they  unfold  ? We  have  feen  a chicken  with  four  feet, 
.which  undoubtedly  proceeded  from  a like  union.  The 
gferms,  which  are  firft  fluid,  and  for  a confiderable 
time  gelatinous,  are  very  penetrable.  If  they  come  in 
contact,  they  will  mix  together  in  part.  Similar  or- 
gans, which  at  leaft  half  penetrate  each  other,  will 
iubflft  in  the  other  moiety.  We  fee  clearly  this  reci- 
procal penetration  in  a human  foetus  having  two  heads 
. on  a Angle  body.  This  monfter  was  evidently  formed  . 
of  two  moieties  of  the  fcetus  connected  together. 

If  their  gelatinous  ftate  renders  germs  very  pene* 
trable,  it  favours  with  much  greater  reafon  their  union 
by  grafting,  or  that  of  fome  parts  to  each  other,  either 
«©f  the  fame  germ  or  two  or  more  germs.  The  graft  is 
united  to  its  fubjeCt  only  by  gelatinous  or  at  leaft  by 
- herbaceous  fibres.  Such  fibres  are  proper  for  forming 
aew  productions,  and  for  connecting  and  intermingling' 
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together.  / Two  polypus's  unite  together  much  more 
eafily  than  two  rinds  ; they  are  abundantly  fofter. 

16.  Accidental  grafts  may  give  birth  to  monfters 
which  we  ihould  term  inexplicable,  by  this  principle. 
But  you  have  not  forgot,  that  all  organical  parts  have 
forms  and  fituations  in  the  germ  which  differ  prodigi- 
t>ufly  from  thofe  they,  will  have  in  the  unfolded  foetus. 
Recal  to  mind  the  chick  in  its  firft  form,  its  heart  in 
that  of  a femi-circle  and  you  will  comprehend  that 
thofe  conjunctions  which  appear  impoffible  to  you  in 
the  foetus,  may  be  eafily  effected  in  the  germ. 

' j • - 

The  analogy  of  parts  likewife  favours  their  union. 
This  analogy  refults  from  that  of  the  elements.  Two 
membranes  are  more  difpofed  to  unite  than  a mem- 
brane and  a bone  ; and  fimilar  parts  of  the  fame  organ, 
than  parts  of  different  organs. 

Laftly,  evolution  is  not  uniform  in  all  parts  of  the 
germ  : they  grow  unequally,  and  this  inequality  of 
growth  may  influence  the  effects  of  contact,  preflure, 
adhefion,  & c.  Thus  a monfter  that  is  produced  with 
fuperfluous  members,  may  derive  them  from  a germ 
that  has  perilhed,  and  of  which  only  thefe  members  re- 
mained. We  plainly  fee  how  many  caufes  may  deftroy 
fuch  or  fuch  a part,  and  produce  a monfter  by  defeft. 

But  all  monfters  by  excefs  might  not  owe  their  ori- 
gin to  the  union  of  two  germs.  Certain  parts  may 
grow  exceffively  by  the  concurrence  of  particular  cir- 
cumftances,  and  augment  the  number  of  fimilar  parts 
in  the  fame  individual.  A fubjeft  with  twenty-fix  ribs 
is  really  a monfter  by  excefs.  It  has  been  proved  that 
fupernumerary  ribs  are  entirely  owing  to  the  unnatu- 
ral developement  of  a bony  appendage  of  the  tranf- 
verfe  apophyfis  of  one  of  the  vertebrae.  The  caufes 
•which  operate  in  the  like  unfoldings,  aft  nearly  as  the 
liquor  of  the  afs  on  the  ears  and  larynx  of  the  horfe.  . 

As  fupernumerary  ribs  unfold  themfelves,  fo  two  dr 
three  ribs  unite  themfelves  into  a Angle  one,  and’thefe 
kind  of  cafes  are  not  rare  either  in  the  vegetable  or  ani- 
mal kingdom.  Such  parts  as  almoft  touch  each  other, 
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are  very  apt  to  unite  : two  drops  of  jelly,  and  of  the 
fame  jelly,  unite  veryealily. 

17.  The  principles  I have  laid  down  concerning  the 

generation  of  animals,  are  likewile  applicable  to  that  of 
plants.  What  the  prolific  liquor  is  to  the  former,  the 
duft  of  the  ftamina  is  to  the  latter.  There  is  a wonder- 
ful analogy  betwixt  thefe  two  dalles  of  organized  bo- 
dies. The  feed,  which  fo  nearly  refembles  the  egg, 
does  therefore  in  all  probability  contain  a germ,  which 
exifted  in  an  invifible  manner  before  fecundation,  which  - 
makes  it  fenfible  to  us.  It  appears  firll  of  all  like  a 
greenilh  or  yellowilh  fpeck.  It  has  been  thought  that 
a grain  of  the  ftamina  duft  has  been  perceived  in  this 
ipeck.  The  germs.,  have  on  this  account  been  placed 
m this  duft,  and  introduced  themfelves  Into  the  feeds, 
which  were  deftined  to  receive  and  nourith  them.  But 
can  we  difcover  the  germ  in  the  egg  before  fecundati- 
on ? Notwithftanding  which  it  pre-exifts  there.  It  is 
highly  probable  that  it  likewife  pre-exifts  in  the  feed, 
and  that  its  minutenefs  together  with  the  tranfparency 
of  its  parts,  conceals  it  from  our  fight.  Will  a philo- 
fopher  argue,  that  becaufe  a thing  is  invifible  to  us,  it 
does  not  therefore  exift  ? •.  <T  < 

18.  An  exa&  obferver  has  taken  a good  method  to 
clear  up  the  myftery  of  the  generation  of  plants.  He 
confidered  what  has  refulted  from  the  fecundation  of 
divers  fpecies,  by  the  duft  of  different  fpecies.  He  has 
feen  mules  that  have  been  well  defcribed  proceed  from 
it. , Thefe  mules,  when  combined  with  other  fpecies, 
have  produced  new  ones.  The  refemblances  have  al- 
ways been  in  a diredl  proportion  to  the  duft.  The 
changes  and  alterations  have  always  been  fenfible.  The 
female  has  had  fome  fuperiority.  . The  privilege  of  fe- 

- cundity  has  adhered  more  exactly  to  what  came  from 
her,  than  to  that  which  proceeded  from  the  male.  Do 
not  thefe  curious  obfervations  themfelves  indicate,  that 
in  vegetables,  as  well  as  in  animals,  the  germ  original* 

1 y belongs  to  the  female. 

* 
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CHAP.  VIII. 


Of  Animal  (Economy , considered  in  Insects . 
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1.  rnpi  HE  IketchT  have  lately  drawn  of  animal  ce- 
1 cdnomy,  affords  a flight  idea  of  what  confti- 
tutes  the  effence  of  life  in  moil  animals.  We  (hall  now  - 
treat  of  the  principal  varieties  which  the  organization 
of  different  fpecies  prefents  us  with.  Infedts,  hitherto 
little  known,  exhibit  fome  Angularities  in  this  very  re- 
fpedt,  to  which  we  lhall  confine  ourfelves  by  way  of 
preference,  in  order  to  avoid  fuch  details  as  might  car- 
ry us  too  great  a length. 

We  have  already  feen  in  fome  meafure  the  different 
parts  contained  in  the  compofition  of  thefe  little  ma- 
chines : we  will  now  contemplate  their  exercife  and  va- 
rious effects.  - , 

2.  The  mechanifm  of  refpiration  is  very  obfcure  in 
infers.  We  only  know  that  in  them  it  differs  greatly 
from  that  in  thofe  animals  which  are  moll  known  to  us. 
But  we  judge  with  greater  certainty  concerning  this 
difference  by  the  coruparifon  of  the  organs,  than  by 
that  of  their  exercife.  When  a drop  of  greafy  liquor 
is  applied  to  one  or  feveral  ftigmata  of  an  infeft,  the 
correfponding  parts  become  paralytic.  The  intercep- 
tion of  the  air  in  one  part  is  followed  by  that  of  li- 
quors or  fpirits. . When  we  Hop  up  all  the  ftigmata, 
the  infedl  dies  immediately.  If  we  afterwards  open 
them,  we  lhall  perceive  the  infide  to  revive.  The  air 
which  then  penetrates  the  open  orifices  of  the  tracheae, 
evidently  produces  this  kind  of  refurre&ion. 

ri'  - The 
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The  trachese  or  air-ve/Iels  are  divided  and  rub  divided 
in  a prodigious  degree.  May  they  not  refemhlefo  ma- 
ny fieves,  which  by  reparations  fuitably  contrived,  are 
capable  or  fnmifliing  to  each  part  an  air  of  a more  or 
lefs  fubtle  nature,  as  occafion  requires  ? There  are 
commonly  reckoned  to  be  nine  ftigmata  on  each  fide  of 
the  body but  fometimes  they  are  more  in  number,  at 
others,  fewer#  The  fame  infeft  has  fome  that  are  of 
greater  or  lefs  importance  to  it,  or  whofir  functions 
are  more  or  lefs  neceflary#  In  feveral  fpecies,  the 
principal  ftigmata  are  placed  behind in  others  at  the 
.head#  Inftead  of  ftigmata,  they  are  pretty  frequently 
.obferved  to  have  little  tubes  of  different  lengths# 

S.  The  circulation  of  the  blood  is  performed  in  in- 
lefts  with  great  regularity.  We  trace  it  by  our  fight, 
in  fome  fpecies  of  long  and  tranfparent  worms.  We 
may  fee  the  heart,  or  principal  artery,  contract  and  di- 
late itfelf  fucceffively  in  every  part  of  its  extent.  It 
leems  to  be  compofedof  a great  number  of  little  hearts, 
placed  end  to  end,  that  tranfinit  the  blood  to  each 
other. 

We  are  yet  ignorant  in  What  manner  the  blood  is 
conveyed  into  the  grand  artery.  Its  principal  ramifi- 
cations, and  the  canals  analogous  to  veins  are  equally 
IUnknown.  We  are  only  certain,  that  in  many  fpecies, 
for  the  mod  part  of  the  creeping  fort,  the  principle  of 
circulation  is  towards  the  hinder  part,  whereas  in 
-others  i|:is  towards  the  head.  It-  is  very  probable 
that  the  grand  artery  (hoots  forth,  from  both  fides  of 
it,  feveral  branches  that  are  invifihle,  by  reafpn  of 
their  extreme  finenefs  or  tranfparency,  and  that  diftri- 
bute  the  blood  to  every  part.  Other  branches  are 
without  doubt  connefied  with  them,  and  conduit  the’ 

to  the  principal  trunk  of  veins, 
■winch  is  Imagined  to  be  perceived  on  the  oppofite  fide 
-of  the  heart.  The  blood -of  infeits  is  a fubtle  liquor 
tranfparent,  commonly  without  colour,  and  though  it 
be  not  in  the  lead  inflammable,  refifts,  in  fome  fpe- 
cies, a degree  of  cold  fuperior  to  that  of  our  fevered 
winters. 
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4.  The  organs  of  generation,  in  mod  infeds,  are 
placed  at  the  extremity  of  the  belly.  That  which  cha- 
raderifes  the  male,  confifts  principally  of  one  or  two 
fpecies  of  flefliy  horns,  which  are  turned  different 
ways,  and  are  generally  drawn  within  the  body,  but 
emitted  from  thence  at  the  pleafure  of  the  infed.  The 
hind  parts  of  divers  males  is  alfo  furniflied  with 
hooks,  by  means  of  which  they  faften  on  that  of  the 
females.  In  the  interior  part  are  lodged  different  vef- 
fels,  which  are  connected  with  the  principal  organ  of 
generation,  and  fepatate  the  fecundating  liquor  from 
the  mafs  of  blood.  At  the  end  of  the  aperture  formed 
iti  the  female,  there  is  joined  a kind  or- canal,  which, 
in  many  infers,  fends  forth  feveral  branches,  called 
tubes  or  ovaries.  Thefe  are  fpecies  of  very  fine  inteC- 
tines,  in  which  the  eggs  are  ranged  in  a row,  almoft 

like  the  beads  of  a chaplet. 

The  eggs  neareft  the  aperture  are  the  largeft,  or  m 
> more  advanced  ftate,.  They  gradually  diminifh  ac- 
cording to  their  diflance.  At  length  they  become  al- 
together invrfible. 

In  the  common  paffage,  where  the  ovaries  terminate, 
there  is  inferted,  in  fome  fpecies,  a very  fhort  canal, 
which  communicates  with  an  oblong  cavity,  that  is 
confidered  as  analogous  to  the  matrix.  In  this  ca- 
vity the  liquor  of  the  male  is  depofited. 

Amongft  viviparous  animals  the  ccconomy  of  the 
'tubes  changes.  Sometimes  the  young  are  ranged  in 
bunches.  At  others  they  form  a kind  of  cord  twifted 
fpirally,  whofe  length,  width,  and  thicknefs  exa&ly 
correfpdnd  in  number  to  the  length  and  thicknefs  of  the 
voung  that  compoieit.  The  young  of  fome  vivipa- 
rous infeds,  before  they  are  brought  forth,  tear  the 
membrane  or  ovary  that  enclofes  them  ; they  are,  to 
ufe  the  expreffion  on  this  account  fubjed  to  a two-fold 

birth.  . - , - ■ . 

~ The  eggs  of  infeds  are  of  two  kinds : fome  are  mem- 
braneous, like  thofe  of  tortoiies.  and  reptiles  ::  others 
are  cruftaceous,  as  are  thefe  of  birds.  But  ^rhftxcas  M 
large  animals  the  fpecies  comprized  Under  thefe  genera 
differ  only  from  each  other  by  a flender  variety  j 
amongft  infeds  thefe  varieties  are  fo  great,  that  one 
° animal 
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animal  does  not  differ  more  from  another,  than  one  of/ 
their  eggs  does  from  another.  Some  of  them  are 
round,  elliptical,  lenticular,  cylindrical,  pyramidical, 
fiat.  Some  are  quite  fmooth,  others  grooved  or  chan- 
nelled. In  fliort,  what  is  more  extraordinary,  there 
are  feme  eggs  that  grow  after  they  are  laid.  We  ea- 
fily  judge  that  they  are  entirely  membranous.  The 
fupplenefs  of  their  membranes  admits  of  their  extenfi- 
on.  They  have  pores  that  imbibe  the  juices  of  the 
plant  where  they  are  depofited.  Thefe  are  minute 
placentice  that  tranfmit  the  nourifhment  to  theembryo. 

•5.  The  diftindtion  of  infects  into  viviparous  and  ovi- 
parous does  not  only  take  place  in  fpecies  of  different 
elaffes,  but  likewife  in  fpecies  of  the  fame  germs. 
There  are  feme  two-winged  flies  that  are  viviparous, 
and  others  that  are  oviparous. 

Add  to  this,  that  feme  fpecies  are  viviparous  at  one 
time,  and  oviparous  at  another.  The  vine-fretter  fur- 
riilhes  an  example  of  this. 

All  great  animals  that  are  known  to  us,  are  diftin- 
guifhed  into  males  and  females,  and  propagate  the 
fpecies  by  copulation.  The  fame  order  prevails 
amongft  infedts  ; but  all  the  fpecies  are  not  fubjedt  to 
it,  and,  of  thofe  that  are,  feveral  afford  us  feme  very 
remarkable  Angularities.  In  divers  fpecies,  the  male  is 
winged,  and  the  female  not.  The  glow-worm  which 
as  fentenced  to  crawl  during  its  whole  life  time,  is  fe- 
cundated by  an  infedt  having  four  wings- 

Sometimes  this  flriking  Angularity  is  joined  with 
others  that  are  ftill  more  furprifing.  Every  where 
elfe  we  obferve  a certain  proportion  betwixt  the  male 
-and  female  ; here  this  proportion  vanilhes  entirely. 
The  female  is  a coloffus,  on  which  the  male  walks  as 
on  a fpacious  fpot.  The  ardor  and  agility  of  the  male 
are  exceffive.  He  is  almolt  in  continual  motion.  The 
female  on  the  contrary,  moves  butfeldom,  and  that 
heavily.  She  fometimes  fpends  the  greateft  part  of  her 
life  in  the  moft  perfedt  inaflivity.  ln  fine,  the  male  is 
an  infedt  properly  fo  called,  his  whole  body  is  inter- 
fedfced  by  incifions  that  are  very  confpicuous  : the  fe- 
male is  a fpherical  mafs,  fixed  to  a branch,  that  one 

3 would 
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tvould  be  apt  to,  take, for  amexcrefcence  or  gall  nut  of 
this  branch..  You  willimagine  that  I.am  lpeaking  of 
gall-infefls,  whofe  name  fo  well  explains  their  deceit- 
ful appearances. ' They  are  found  in  great  numbers  on 
the  branches  of  many  trees  and  .fbrubs.  They  are 
greatly  diverfified  ; but  always  affedt  the  form  of  gall- 
nuts  more  or  lefs  round.  They  imbibe  the  juice  ot  the 
tree  by  the  affiftance  of  a.little  pump,  which  they  keep 
fixed  to  the  bark.  They  lay  fome  thoufands  of  eggs, 
•which  are  piled  up  under  the  mother’s  belly,  as  they 
iflue  from  it.  When  the  whole  .number  is  laid,  tpe 
Call-infe<3  dies,  and  its  carcafe  remains  fattened  to  the 
branch.  This  is  only  a cod  full  of  eggs,  which  one 
might  ftill  take  for  a living  gall-mfe£t,  fo  fmall  an  ap- 
pearance, of,  life  is  there  in  this  ftrange  animal.  The 
young  are  hatched , in  ^fton  time,  when  there  imme- 
diately appears  a multitude  of  .very  lmall  animated 
membranes,  either  oval  or  circular,  which  are  borne 
op-fix  legs,  and  dUperfe  themlelves  on  all  fides  with  a 
.wonderful  celerity. 

6. ' Several  of  the  fpecies  that  live  in  fociety,  prefent 
us  with  three  forts  of  individuals  ; to  wit,  males,  fe- 
males, and  neuters,  or  individuals  that  remain  always 
deprived  .of  fex.  This  we  obferve  in  foe  republics  Qf 
bees,  wafps,  and  ant?.  We  know  that  each  fwarm  ot 
bees  has  but  one  female,  which  bears  the  name  ot 
queen  ; the  males  which  are  called  drones,  pretty  of- 
ten amount  to  four  or  five  hundred  r;  the  neutres  which 
are  much  morenumerous,  ate  fometimes  forty  or  fifty 
Sand  in  number.  Thefeare  the  Woteeof  the  bt- 

tie  foarta  thdy.are.  charged  with  allrthe  labour,  l he 

aueen  and  drone  are  wholly  taken  up  in  furmfomg  the 
ftate  with  citizens.  She  is  in.  aliteral  fenfe  the  mother 
of  all  her  people.}  foe  lays  in  one  year  upwardsoffif- 
ty  fooufand  eggs.  She  -produces  three  forts  of  them, 
from  whence  are  hatched  threekinds  of  individuals  of. 
different  foape.  The  neuters  then  conttrufi  three  forts 
of  cells,  to  receive  the  eggs,  and  lodge  the  young  tp 

lie  hatched  from  them.  . • . 

£)ivers  fpecies  of  infers  are  real  hermaphrodites  ; m 

each  individual  both  fexes  are  united,  but  he  cannot 
^ . feeuawte 
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fecundate  hfmfelf ;;  and  generation  depends  in  this  cafe 
as  elfewhere,.  on  the  concurrence  of  two  individuals* 

- . ” / • 

7.  Other  infe<fts  are  hermaphrodites  of  a more  fin* 
gular  nature  each  individual  propagates  without  any 
oommerce  with  another-  We  have  the  fir  ft  example  of 
this  in  the  vine-fretter,  that  deferves  fome  attention*  ~ 
You  have  very  frequently  feen  little  flies  fattened  in 
a great  number  to  the  extremities  and  leaves  of  plants, 
and  twifting  them:  round  in  various  forms  : thefe  are 
vine  fretters,  whofe  fpecies  are  alrnoft  as  numerous  as 
thofe  of  vegetables*  and  whofe  remarkable  properties 
are  multiplied  in  proportion*  to  the  attention  we  pay 
them.  . 

They  bring  forth  > living  young  ones.*-  Their  births 
are  eafy  to  trace*,  there  needs  only  good  eyes  and  a lit- 
tle patience;  Take  up  a little  one  as  foon  as  it  is  pro- 
duced ::  enclofeit  immediately  in  the  moft  perfeft  folu 
tude,  and  in  order  to  be  the  better  affured,  carry 
your  precautions  to  a-  degree  of  fcrupulouihefs  ; be 
with  refpe<9rto  it  a more  vigilant  Argus  than  the  fabu- 
lous one.  When  the  little  reclufe  has  acquired  a cer- 
tain growth i it  will  begin-, to  have  young, , and* after 
fome  days  you  will  find  it  in  the  midii  of  a numerous 
family. 

■ Make  the  fame  experiment  omoneof  the  individuals- 
of  this  family  that  you  have  tried  on  itschief : the  new 
hermit  will  multiply  like  its  father,  and*this  fecond  ge- 
neration brought  up^n  iblitude  will  not  prove  lels  fruit- 
ful than  the  firft.,  - 

Repeat  the  experiment  from  one  generation  to  ano- 
ther ; abate  nothing  of  your  cares,  your  precautions, 
fufpicions  5 proceed*  if  your  patience  will  permit  you** 
to  the  ninth  generations,  and  they  will  all  prefent  you 
with  fecund  virgins* 

After  thefe  experiments*,  fo  decifive  and  reiterated,, 
you  are  eafily  perfuaded*  that  there  is  no  diftindUom 
of  fex  in  vine-fretter  s*  What  indeed  would  be  the  ufe 
of  fuch  a difference  amongft  a>  people  where  all  the  in-' 
dividuals  are  conftantly  fufficient  for  themfelves?  Na- 
tural hiftory  is  the  beft  logic,  becaufe  it  beft.teaches  us 
to  fufpend  our  judgment,.  Vine-frettersarfe  Feally  dif- 
\ tinguifhed 
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bv  Texes  •,  there  are  males  and  females  amongft  them, 
and  their  amours  are  the  leaft  equivocal  of  any  in  the- 
world.  - I do  not  know  whether  there  are  in  nature  afriy 
males  more  amorous  than  they.  ' 

What  the®  is  the  ufe  of  coupling  between  infers  that 
multiply  without  its  affiftance  ? of  what  ferv  ice  can  an. 
actual  diflinction  of  fex  be  to  real  androgynes  ? The 
clearing  up  of  this  point  depends,  ®n  another  great  fin- 
"u  lari ty.  During  the  fummer  feafon  they  are  vivipa- 
rous y they  all  bring  forth  living  young.  Towards 
the  middle  of  autumn  they  become  oviparous  ; they 
all  then  lay  real  eggs  whicfe  are  hatched  at  the  return 
of  the  fpring.  The  males  begin  to  appear  exa&ly  at 
the  time  the  females  begin  to  lay.  .There  is  therefore 
a fecret  relation  betwixt  the  appearance  of  the  males,, 
and  the  laying  of  the  females.  There  are  always- 
found  in  the  bodies  of  the  females,,  eggs  and  young 
ready  to  be  produced.  The  young  then  were  origi- 
nally enclofed- in  eggs.  During  the  fins  feafon,  they 
arc  hatched  in  the  bdly  of  their  mother,  and  are  brought 
into  the  world  alive.  PLmts.at  that  time  furnifh  them, 
with  a proper  nourifhment,,  which  they  fail  not  iiw 
ftantiy  to  imbibe  by  the  help  of  a very  flender  trunk. 
At  the  approach  of  cold  weather,  the  young  cannot 
i infold  themfelves  in  the  dam’s  belly,  in  order  to  their 
being  produced  alive  ; they  remain  fhut  up  in  their 
egg5>  where  they  - are  preferved  the  whole  winter. 
Were  they  to  be  hatched  at  the  beginning  of  that  fea- 
fon, they  would  foon  pcrifli  for  want  oT  food.  The- 
developement  depends  ultimately  on,  nutrition.  Vine- 
fretters  that  are  produced  alive,  are  more  unfolded  in 
the  matrix  than  thofe  which  are  brought  forth  encloled 
in  eggs.  The  former  then  have  received  a nourilh- 
ment  in  the  matrix,  which  the  others  were  not  able  to 
obtain  there.  This  nourishment  wasTufficient  to  effec- 
tuate the  entire  opening  of  the  germs.  Had  not  coup- 
ling, then,  for  its  primary  end,  the  fupplying  the  de- 
feft  of  this  nourilhment  in  fuch  germs  as  were  not  to  be 
hatched  till  after  they  had  iflued  from  the  belly  of  their 

mother  ? * 

1 have  treated  of  feme  fpectes  of  infe^ls,  the  males 

of  which  are  winged,-  and  the  females  not.  This  fin-' 
: i gularity 
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gularity  is  alfo  to  be  met  with  amongft  vine-ffetters ; 
but  they  offer  ftill  more  to  us  with  refpeCt  to  this. 
Some  of  the  males  are  winged,  and  others  remain 
their  whole  life-time  without  wings.  There  are  like 
wife  winged  females,  and  other  females  that  are  not. 
But  this  is  not  all  ; the  males,  and  particularly  thofe 
that  are  deftitute  of  Wings,'  are  fo  fmall  in  comparifon 
of  the  females,  that  they  are  feen  to  walk  upon  them 
as  a mite  upon  fruit  ; to  fo  great  a degree  has  natuie 
thought  fit  to  abound,  with  regard4  to  thefe  infers,  in 
Angularities  of  different  kinds.  ^ . . 4 

8.  Animals  that  multiply  by  flips  and  {hoots,  and 
that  may  be  grafted**  appear  to*  be- real  zoophytes,  or 
plant-animals* 

Of  thefe  fome  have  feet  or  members,' others  not.; 
We  will  fir  ft  treat  of  the  latter  fort. 

The  ili me  which  covers  the  botttom  of  ponds  and 
marfhes,  may  almoft  be  dfeemed  a reipeCtable  t^ing 
there  the  great  Being  has  not'  difdained  to  allemble 
the  traces  of  his  power  and  wifdom.  He  has  connect- 
ed the  exiftence  of  this  vile  matter  with  that  of  different 
foecies  of  worms  that  are  deftiaed  to  live  in  and  feed 

iTpon  it*-  and'fha^  will  one  tiioae4  or  otKar  ptefent  us  with 

the  intereftihg  fight  of  a new  reproduction,  which  -we 
fhall  never  think  we  can  fufficiently  admire,  and  fhall 
therefore  wonder  at  it  in  proportion  as  our  .uudejftand- 
ing  is  enlightened. 

All  thefe  worms  are  long  and  (lender.  They  are  not 
unlike  the  treble  tiring  of  a violin  : their  body  is  form- 
ed of  the  fucceflion  of  a great  number  of  little  rings, 
which  decreafe  gradually  as  they  approach  the  extre- 
mities. They  are  very  foft : their  head,  which  termi- 
nates in  a blunt  point,  is  fufceptible  of  ' various  moti- 
ons. r It  contrails,  dilates,  lengthens,  and  fhortens  it-  . 
; felf  at  the  pleafure  of  the  infeds.  The  mouth  is  fur- 
nithed  with  a mufcle  that  directs  the  functions  of  it, 
and  whofe  oxercife  is  pretty  perceivable.  The  anust 
which  is  placed  at  the  oppofite  extremity,  is  a little  ob- 
long aperture,  bordered  with  ~ an  analogous  mufcle. 
The  whole  lkin  is  fo  tranfparent,  as  to  admit  of  its  be? 
ing  infpeCted  within,  and  we  may  congratulate  our/ 
felves  on  this  circumftance,  fiace  it  affords  u & a great 
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fpetf  acle.  The  polypus  exhibits  nothing  that  has-  the 
/ appearance  of  the  vifcera.  All  its  fub (lance  feems  to 
be  compofed  of  a mafs  of  fmall  fimilar  feeds.  Olxr 
fiddle-ftrings  are  minute  beings,  quite  differently  orga- 
nized, and  theapparatns  of  the  vifcera,  which  the  mi* 
crofcope  difcovers  to  us,  feems  to  advance  theih  far 
above  the  polypus.  A long  veffel  that  goes  winding 
from  the  head  to  the  tail,  is  what  chiefly  ftrikes  the 
eye  of  the  obferver.  By  its  regular  alternate  motions, 
Re  will  foon  know  it  to  be  the  heart  or  grand  artery. 
The  liquor  that  circulates  in  thefe  winding  paflages  is 
limpid.-  It  is  perceived  from  the  pulfations  it  excites 
In  every  part  of  the  artery  comprized  betwixt  two  of 
the  rings.  One  would  be  apt  to  imagine  each  of  thefe 
portions  to  be  a real  heart,  and  that  every  artery  was 
a chain  of  little  hearts,  placed  end  to  end,  and  that 
forced  the  blood  from*  one  part  to  another*  It  is  Teen 
to  run  with  an.  uniform  motion  through  all  thefe  little 
hearts,  and  rifes  in  this  maimer,,  as  by  fo  many  blad- 
ders from  thetail  to  the  bead,  near  which  it  finally  dis- 
appears. In  different  parts  of  the  artery  are  difeover- 
ed  delicate  ramifications  of  vefiels,  which  maybe  ta- 
ken for  veins,  there  being  perceived  no  pulfation  in 
them.  Beneath  and  along'  the  artery  there  is  a canal, 
whofe  diameter  varies  at  different  points  of  its  extent. 
It  is  the  mteftinal  dudl,  which  comprehends  the  oefo- 
phagus,  ftomach,  and  inteftines.  The  aliment  is  there 
feen  to  digeft  before  the  eyes  ef  the  obferver  : he  fol- 
lows it  in  his  paffage  : fees  it  defeend  from  the  mouth 
towards  the  anus,  and  pafs  through  every  part  of  the 
canal  between  thefe  two  extremities.  But  can  machines 

- fo  compounded  as  thefe  be  taken  to  pieces  without  in- 
juring their  eeconomy  thereby  ? 

• That  fuffers  not  in  any  refpeft  on  that  account. 
Striftly  fpeaking  it  affe&s  thefe  infers  no  more  than  be- 
ing divided  in  the  midft  of  the  body.  Each  half  not 
only  continues  to  live  and  move  t but  that  which  had 
no  head  prefently  forms  another,  and  we  may  clearly 
perceive  a new  tail  fpring  forth  in  that  part  which  was 
deftitute  of  one.  In  lefs  than  three  days  the  twq  moi- 
eties become  two  complete  worms. 
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ft  is  more  extraordinary  for  fourths,  eighths,  and-fir-- 
teentb  parts  of  our  worms  to  atfume  a head  and  tail  : 
this  is  fo  fpeedily  effected,  that  in  a few  days  all  thefe 
fragments  are  fomany  perfect-infefhs,  and  after  a few. 
weeks  attain  to 'the  fame  length  as  the  entire  worm. 
New  rings  and  new  vifcera  unfold  themfelves,-the  parts . 
reproduced  differ  in-  no  refpeft  from  the  ancient  ones. 
Thus  the  machine  is  loimed  anew  by  its  ovm  drength  5 
and  the  fedion,-  which  might  be  a means  of  dedroying. 
them,  ierves  only  to  make  them  conlpicuous. 

I have  not  yet  fufficiently  treated  of  this  particular. 

The  fix  and  twentieth  part  of  worms,  to  wit,  perfect 
atoms,  are  able  to  re-integrate  themfelves  extremely 
well,,  and  in  the  fpace  of  feme  months  are  found  to  be: 
worms  - of  feveral.  ' inches  in,  length.  In  thefe  living  - 
atoms,  as  well* as  in  the  moft'confiderable  fragments,' 
the  circulation  feems  to  be  performed  with  the  fame  re-, 
gularity  as  in  the  whole  worm.  Each  atom  has  its  lit- 
tle heart,,  and  we  may  .clearly  perceive  that  this  little 
heart  is  no  other  than  a very  fmall  portion  of  the  grand 
artery  of  the  worm,  whereof  the  atom  was  before  a 
part;-  ■ 

We  may  weary  ottrfelves  in  cutting  the  head  off  the 
fame  individual : we  fhall  have  the  fame  talk  to  repeat* 
continually,  becanfe  there  always  fhoots  forthla  new 
one.  We  may  even  caufe  feveral  to  iffue  at  the  fame- 
time, each  of  which  (hall  have  their  proper  functions. 

There  is  another  fpecies  of  thefe  worms,  amongft 
which  the  property  of  becoming  again  entire  is  confin- 
ed in  very  remarkable  bounds.  It  forms  a head  or  tail  w 
in  the  middle  but  if  it  be  cut  into  three  or  four  parts, 
the  intermediate  enes  puih* forth  a tail  where  a head 
fhouldhave  beat  produced.-  This  fupernumerary  tail,1 
•which  is  in  no  nefped  deficient,  cann  ot  perform  the*  ..  . 
office  of  a head,  and  the  unhappy  irde&is  condemned 
to  perifli  with  hunger. 


9-  Look  into  this  rivulet,  whofe  bottom  is  covered  : 
with  broken  pieces  of  plants  : what  do  you  perceive  up-‘ 
on  them!  Spots  of  mouldinefs.  Do  not  miftake  : 
this  mouldinefs  is  not  what  it  appears  to  be  : and  you 
already  begin  to  fufped  fo  : you  think  that  you  great- 

M $ \y 


$ 


I 


( 274-  ) 

ly  ennoble  them  by  advancing  them  to  the  rank  of  ve- 
getables : you  conje&ure  they  are  plants  in  miniature, 
that  have  their  flowers  and  feeds,  and  plume  yourfelfi 
on  being  able  to  judge  of  thefe  mouldinefles  hi  a diffe* 
rent  manner  from  the  vulgar.'  Take  a magnifying 
glafs  : what  do  you  difcover  ? Some  very  pretty  nofe- 
gays,  all  the  flowers  of  which  are  in  bells.  Each  bell' 
is  fupported  by  a fmall  ftalk,  which  is  implanted  in  »• 
common  one ; you  now  no  longer  doubt  of  the  truth 
of  your  conjecture,  and  cannot  be  perfuaded  to  quit 
this  microfcopic  parterre.  You  have  not  however  fuf- 
ficiently  obferved  it.  Look  fledfaftly  on  the  aperture 
of  one  of  thefe  bells  : you  will  there  perceive  a very 
rapid  motion,  which  you  cannot  be  weary  of  contem- 
plating, and  which  you  compare  to  that  of  a mill. 
This  motion  excites  little  currents  in  the  water,  that 
convey  towards  the  bell  a multitude  of  corpufclcs, 
which  it  fwallows  up.  You  begin  to  doubt  whether 
thefe  bells  are  real  flowers  y and  the  motions  of  the 
./  ' ftalks  which  appear  to  be  fpontaneoos,  inereafe  your 

fufpicions.  Continue  your  obfervations  r nature  her- 
/:  felf  will  teach  you  what  you  ought  to  think  of  this  fin- - 

gular  production,  and  will  furnifh  you  with  frefh  mo- 
V fives  for  admiring,  the  fecundity  of  her  ways-..  That  is 

’$  a bell  which  detaches  itfelf  feom  the  clufter,.  and  that 

floats  along  in  order  to  fix  itfelf  to  fome  fupport.  Fol- 
low it.  A ftort  pedicle  iflues  from  its  extremity : and* 
The  bell  fattens  itfelf  by  the  end  of  this  pedicle.  It 
lengthens  and  becomes  a Httle  ftalk.-  It  is  no  longer  a 
■ nofegay  you  are  beholding,  it  is  a Angle  flower.  • Ro~ 

. double  your  attention  y you  are  juft  arrived  at  the  mo  ft 

mterefting  moment  of  infpe«ftion.;  The  flower  is  clof- 
. ‘ ed,  has  loft  its  form  of  a bell,*  and  adorned  that  of  a 
/ bud.  You  perhaps  fofpeft  that  this  bud  is  feme  fruit,, 

‘ of  a feed  that  has  fuceeeded  to  the  flower ; for  you  are* 
loth  to  give  up  your  firft  conjecture.  Do  not  lole  fight 
©f  this  bud  ; it  is  now  divided  by  degrees  according  to 
■ its  length,  and  the  ftalk  is  at  prelent  fupplied  with  two- 
buds,  iefs  than-the  firft.  Examine  what  paflevinboth 
of  them.  They  widen  themfelves  infenfibly,  and.  you 
perceive  a. motion  at  the  edge  of  the  opening,  which- 

mcreafes  in  fwiftnefs  in  proportion  as  the  bud  unfolds. 

* ..V  itfelf. 
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itfclf.  The  mill  appears  again,  and  the  two  buds  have 
aflumed  the  form  of  a bell.  Can  a fruit,  -which 
changes  into  flowers,  be  a real  fruit  ? Can  fuch  flow-1 
ers  be  real  flowers,  • that  fwallow  little  infedts  ? Sus- 
pend your  obfervations,  and  repeat  them  a few  hours 
hence.  Your  flowers  are  clofed  up  as  the  firft  was  ; 
you-  eaflly  guefs  that  they  will  feparate  themfelves  as 
before,  afterwards  open,  and  prefent  you  with  four 
bells.  That  is  already  effected,  and  you  have  a- little 
nofegay,  compofed  of  four  flowers.  If  you  continue 
your  infpedtion,  you  will  fee  them  augment  in  bulk  by 
-new  divifions  iifto  two’s,  and Toon  after  you  will  count 
ftxteen,  thirty-two,  fixty-four  flowers;--  Such  is  the 
origin  of  this  microfcopical  parterre,  which  at  firft 
drew  your  attention  :•  how  much  more  admirable  does 
it  now  appear  than  you  then  conceived  itto  be ! What 
a group  of  wonders  does  a Angle  fpot  of  mouldinefs 
afford  ! What  unforefeen,-  varied,  - and  interefting 
ifcenes,  are  tranfedted-on-  a fcrap  of*  rotten  wood  ! 
What  a theatre  does-dt  .exhibit-  to  a,  thinking  being  ! 
.But  our*  abode  is  fo'reclufe,  • that  we  have  but  a glim- 
jnering  view  of  it ; how  great  would  our  ravilhment 
Be,  if  the  whole  Ij^ade  difclofing:itfelf  at  once. to  us, . 
we  fhould-  be  enabled*  to  penetrate  into  the  interior 
ftrudture  of -this  wonderful  affemblage  of  living  atoms  ! : 
Our  blunted  eyes  -dffcover  only  the  moft  ftriking  pam 
of  them  ; they  only  apprehend  the  grofs  parts  of  the 
■decorations,.  whilft  the  machines  that  execute  them  re- 
main  concealed  in  impenetrable  darknefs  ?-i  Who  fMf 
enlighten  this  profound  ©bfcurity  ?•  Who  lhall  dive 
into  this.abyfs  where  reafon  itfelf  is  loft!"  Who  draw 
-from  thence  the  treafures  of  wifdom  and  knowledge 
concealed  within  it  Let  us  learn  to  be  content  with 
the  fmall  portion  communicated  to-  us,*  and  contem- 
plate  with  gratitude  thofe  firft  traces  of  human  under- 
ftanding  imparted  to  U9,  towards  a world  placed  at  fuch 
a great  diftance  from  us.  - 

10,  You  cannot  quit  this  fpring,  from  whence  yen 
have  derived  To  many  truths#  -that  are  To  aftonifliing. 
You  difcover  in  it  other  microfcopical  animals,  whole  - 
Term  reiembles  that  of  a funnel;  Thele  are  likewife 

polypus’s. 
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polypuses.  They  do  not  compofe  a duller  ; but  cleave 
to  fomebody  by  their  inferior  extremity  $ you  are  cti- 
rious  to  know  their  method  of  multiplying.  In  order 
to  this,  place  your  micrpfcope  on  one  of  thefe  funnels* 
Of  a fingle  funnel,  there  are  formed  two  by  a natural 
divifion  ; but  very  different  from  that  of  bell  poly- 
pules ; fo  far  has  nature  thought  fit  to  vary  her  pro- 
ceedings with  refpeit  to  thefe  animals.  Examine  what 
paffes  in  the  middle  of  the  funnel.  A tranfverfe  and 
oblique  ftripe  indicates  to  you  the  part  where  the  poly- 
pus is  about  to  divide  itfelf.  The  divifion  then  is  made 
flopingly.  The  ftripe  points  out  the  edges  of  the  new 
funnel,  and  thefe  are  only  the  lips  of  the  frefh  poly- 
pus. You  difcover  in.  them  a pretty  flow  motions 
which  helps  you  to  difcem  them.  They  approach 
each  other  mfenfibly,  the  body  collects  itfelf  by  de* 
grees  ; a little  fwelling  forms  itfelf  on  the  fide,  which 
is  a new  head.  You  already  clearly  diftinguifh  two 
polypuses  placed  above  each  other.  The  upper  poly- 
pus has  the  former  head  and  a new  tail  ; the  inferior 
one  a new  head  and  the  former  tail.  The  upper  poly- 
pus is  connefted  with  the  other  only  by  its  lower  extre- 
mity. By  a motion  it  gives  itfelf,  it  is  at  laft  detach- 
ed from  the  other  ; and  floats  away  in  order  to  fix  elfe- 
where.  The  inferior  polypus  remains  fattened  to  the 
place  where  the  funnel  was  before  the  divifion. 

. m ' , ; -I  t ~ 

11.  Net  polypus’s  likewise  derive  their  name  from 
the  exterior  form  of  their  bodies  ; they  pretty  nearly 
referable  that  of  a filhing-net.  They  aflemble  in 
groups,  and  fatten  on  all  the  bodies  they  meet  with  in 
frefli  water.  They  are  very  tranfparent.  In  the  infide 
of  the  polypus  there  is  formed  an  oblong  and  whitilh 
body.  As  foon  as  it  is  formed,  it  defcends  by  degrees, 
ihews  itfelf  on  the  outfide,  and  temains  fixed  perpendi- 
cularly on  the  polypus.  It  produces  new  ones  every 
day  ; and  the  group  they  compofe  on  the  exterior  part 
of  the  polypus,  increases  in  growth.  If  thefe  minute 
bodies  be  eggs,  they  are  of  a Angular  fpecies  ; they 
are  abfoltitely  without  any  coveringj  and  are  neither 
membraneous  or  cruftaceo„us.  We  cannot  affirm  of 
thefe  eggs,  that-young  are  hatched  from  them,  but  are 
* under 
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under  a neceffity  of  acknowledging,  that  thefe  little 
oyiform  bodies  unfold  themfelves.  This  developement 
is  accompliihed  in  a few  minutes,  and  the  polypus  be- 
comes the  fame  as  its  mother  * imagine  to  yourfelf  a 
bird  that  (hould  iffue  from  its  mother’s  belly,  entirely 
naked,  rolled  together  like  a ball,  whofe  members 
fhould  afterwards  difplay  themfelves,  and  you  will 
have  a .reprefentation  of  the  produ&ian  of  net  poly- 
pufes. 

12.  Clufter-polypufes  propagate  by  dividing  in  the 
middle ; arm-polypufes  do  not  multiply  in  this  manner. 
They  bring  forth  their  young  almoft  as  a tree  fhoots 
forth  its  branches.  A little  bud  appears  on  the  fide  of 
the  polypus.  Do  not  fuppofe  that  this  bud  contains  a 
polypus,  as  the  vegetable  bud  comprizes  a branch  : it 
is  itfelf  the  polypus  in  its  growth.  It  increafei  in  fize 
and  length,  and  at  lad  feparates  from  its  mother. 
Whilft  it  is  united  to  her,  they  both  compofe  one  bo- 
dy, as  the  branch  with  the  tree.  You  are  to  under- 
ftand  this  in  the  ftri&eft  fenfe.  The  prey  which  the 
mother  fwallows,  pafles  immediately  into  her  young, 
and  imparts  the  fame  colour  to  it.  So  that  the  tvhole 
confifts  of  one  little  bowel  in  a great  extent.  The  prey 
which  the  young  one  feizes  (for  it  fifties  for  it  as  foon 
as  it  has  arms)  pafles  in /like  manner  into  the  mother. 
They  nourifh  each  other  reciprocally. 

There  is  fcarcely  any  polypus  without  buds.  All 
of  them  therefore  are  fo  many  polypufes,  or  fo  many 
fhoots  that  grow  on  a common  trunk.  Whilft  they 
are  unfolding,  they  themfelves  fend  forth  fmaller 
fhoots,  and  thefe  fmaller  ftill.  They  all  extend  their 
arms  on  both  fides.  You  think  you  are  beholding  a 
very  buftiy  tree.  The  nourifhment  received  by  one  of' 
thefe  fhoots,  is  foon  communicated  to  all  the  reft,  and 
to  their  common  mother  ; the  chief  of  the  fociety  and 
the  members  are  one.  The  fociety  is  diflblved  by  little 
and  little,  the  members  feparate  themfelves,  are  dif-  J 
perfed,  and  each  Ihoot  becomes  in  its  turn  a little  ge- 
nealogical tree. 

Such  is  the  natural  method  by  which  the  arm-poly- 
’ pus  multiplies.  It  may’  alfo  be  multiplied  by  flips. 
C,  i . There 
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Thereusnoneed  to  mention,  that  when*  ir  is  cot  in 
pieces,  each  piece  in  a Ihort  time  becomes  a perfect  po- 
lypus. It  were  better  to  fay  at  once,  that  the  poly- 
pus, after  being  cut  into  fmall  pieces,  rifes  again  from 
its  ruins,  and  the  little  fragments  yield  as  many  poly- 
pufes.  Being  cut  either  in  length  or  width,,  this  ex- 
traordinary animal  is  reproduced  in. the  fame  manner,  . 
and-the  fources  of  life  are  equally  inexhauftible. 

13.  But  the  following  is  what  fable  itfelf  has  not  pre- 
fumed  to  invent  bring  to  their  trunk  the  heads  that 
have  been  ftruck-  off,,  they  will  reunite  to  it,  and  you  - 
will  reftore  to  the  polypus  its  head;  You  may  alio,  if 
you  think,  proper  affix  to  it  the  head  of  another  poly- 
pus. The  mutilated  parts  of  the  fame  or  different  po* 
lypufes,- when  placed  end  to  end,,  will  tmite  in  like 
manner,,  and  form  only  a Angle  polypus*  . 

What  have  Lhitherto  faid  b TTiere  is  fcarce  any  mi- 
racle that  may  not  be  performed  by,  means  of  the  po- 
lypus ; {but  miracles,  , when  multiplied  to  fo  great  a de- 
gree, hardly  appear  to  be  fuch.  A*  polypus  may  be 
introduced  by  its  hind- part  into  the. body  of  another  - 
polypus.  rI3ie  two  individuals  unite,  , their  heads  be- 
come ingrafted-  into  : each  - other:  y*  and  the:  polypus, - 
which  at  firft  was  double,'  is  converted  into  a Angle  - 
polypus,  that  eats,  .grows  and  multiplies. 

1 have  compared  the  polypus  to  the  finger  of.  a; 
glove:  this  finger. may  be  turned  infide  our:-fe  may- 
the  polypus  likewife,  and  being  fo  Aiifted,  can  AAi,^ 
fwallowy-  and  multiply-  by  Aips  and  flioots. 

' It  will  be- eafily  believed  that  the  polypus  does  not- 
like  to  remain  thus  Aiifted;  It  makes  an  effort  to  re- 
gain its  former  poAtion,  and  frequently  fuceeeds  ei— 
ther  in  part,- or  altogether.  The  polypus,  which  is- 
partly  turned  beck  again  as -at  firft  is  areal  Proteus,- 
that  affumes  all  kinds  of  forms,  which  are  all  equally/ 
ftrange.  Endeavour  to  reprelent  to  yourfelf  the  po— 
lypus  thus  turned  again.  You  remember  that  the  in- 
fect is  made  in  the  form  of  a-bowei.  . One  part  of  the  • 
bowel  then  is  turned  backwards  on  the  other  ; it  there 
faftens  and  engrafts  itfelf.  In  that  cafe  the  polypus  is  > 
as  it  were  doubled.  The  mduth  encompaffes  the  body 
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Eke  a fringed’  girdle  , the  arms  are-  the  fringe.  They 
then  point  towards  the  tail.  The  fore-part  continues 
open  y the  other  is  ufually  (hut  up.  You  expedl  no 
doubt  to  fee  a new  head  and  new  arms  to  grow  out  of 
the  fore-part  mr  which  you  have  obfervedin  all'  the  po- 
Jypufes  that  have  been  divided  tranfverfely.  But  the- 
polypus  combines  itfelf  a thoufand  different  waysi- 
and  each  combination  has  its  confequences,  which  ex- 
perience alone  can  difcover  to  you.  The  fore-part 
clofes  itfelf  ? it  becomes  a fupemumerary  tail.  The 
polypus,  which  was  at  firft  extended,  in  the  right  line, 
is  curved  more  and  more.  The  fupernumerary  tail 
lengthens  every  day.  The  two  tails  referable  the  feet 
of  a pair  of  compares.  The  compafTes  are  partly 
open.  The  ancient  mouth  is  at  the  head  of  the  com- 
paffes.  This  mouth,  which  is  fattened  to  the  body,  and 
embraces  it  like  a ring,  cannot  difeharge.  its  fhndhons. 
What  then  moft  became  of  the  unfortunate  polypus 
with  two  tails  and  without  a-  head  l How  will  it  be 
able  to  live  ? Do  you  think  that  you  have  taken  na- 
ture at  unawares  ? You  are  mi&aken.  Towards  the 
upper  part  of  the  polypus,,  near  the  ancient  lip,  there 
are  forming  not  only  a fingle  mouth,  but  feveral 
and  this  polypus,  concerning  whieh  you  inquired  a 
minute  ago  how  it  could  exift,  is  now  a fpecies  of  hy- 
dra with  feveral  heads  and  mouths,  and  devours  with 
all  thefe  mouths.. 

• 14.  What  a>  multitude  of  phyfiblogical  truths,  that 
, were  unknown  to  us  in  the  vegetable  kingdom,  ha$ 
the  ar  in -poly  pus  alone  unveiled  to  us  l flow  do  thefe 
truths  appear  as  paradoxes,  and  yet  how  evidently  are 
they  demonftrated  ? Who  can  doubt  now  that  there 
exifts  an  animal,  a very  animal,  fince  it  is  extremely 
voracious,  whofe  young  grows  like  branches,  and 
Which  being  cut  to  pieces  and  actually  minced,  regene- 
rates anew  in  all  its  parts,  and  even  in  the  fmalleft 
fragments,  that  may  be  grated  by  approximation  or 
inoculation,-  turned  infide  outwards  like  a glove,  after- 
wards cut,  turned  bac£  and  cut  again,  without  ceaf- 
ing,  to  live,  devour,  grow,  and  multiply.  • 
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It  was  not  a-  fit  feafon.  therefore  to  make  general 
rules,  to  arrange  nature,  eftabliih  diftributions,  form> 
fyftematical  orders,  and1  to  raife  an  edifice,  which  fu- 
ture ages,  better  inftruCied,  will  even  dread-to  -projeCU 
We  have  fcarce  any  knowledge  of  the  animal,-  when' 
we  would;  undertake  to  define  it.  Becaufe  our  know- 
ledge is  at  prefent  in  fome  meafure  improved,  (hall  we. 
prefume  to  think  we  thoroughly  know  it  ? Polypufes* 
have  aftoniflied  us,  becaufe  on  their  firft  appearance 
there  was  no  ideainour  brain  analogous  to  them,  and  we. 
had  taken  great  pains  to  difcard  from<k  the  very  pofii- 
bility  of.  their  exiftence.  How  many,  animals  are  there- 
that  are  even  more  ftrange  than  poly pufes,  and  that: 
would,  confound  alL  our  reafonings,  could  we  difcover. 
diem  ? It  would  be  necefiary  on  that  occafion  to  in- 
vent a new  language,  in  order  to  defcribe  onr  observa- 
tions. Polypufes  are  placed,  on  the  frontiers  oP  ano- 
ther univerfe,.  that  will  one  time  on  other  have  its  Co- 
lumbus's and  Vefputiufesi  Shall,  we  imagine  that  we  7 
have  penetrated  into  the  interior  parts  of  the  continents* 
becaufe  we  have  taken  a flight  view-  of  fome  coafts  at 
at  diftance  ?•'  We  will  form  to  ourfelves  more  exalted' 
ideas  of  nature  ; we  will  confider  her  as  one  immenfe 
whole,,  and  will*  firmly  perfuade  ourfelves  that  what, 
we  difcover  of  her  is  but  the  fmalleft  part  of  what  (he 
contains.  Having  been  heretofore  aftoniflied,  1 we  will 
forbear  being  fo  for  the  time  to  come,  , but  will  conti- 
nue our  obfervations  ; we  will  amafs  frefli  truths,  con- 
ned them  if  we  are  aide,,  and  be  in  -expectation  of’eve- 
ry  difcovery,  becaufe  we  will  continually  fay,  that  the 
known  cannot  ferve  as  a model  for  the  unknown,  and 
that  models  have  been  varied  adj  infinitum.'  Clufter-po- 
lypufes  multiply  by  dividing  themfelves  ; who  can  tell 
but  that  there  may  one  time  or  other  be  difeovered  ani- 
mals, that  inftead  of  dividing  themfelves,  may  unite 
together,  and  join  themfelves  to  one  another,  in  order- 
to  compofe  one  Angle  animal  ? Or  who  knows  whe- 
ther the  multiplication  of  fuch  an  a-.iimal  rnay  nothave 
as  an  eflenttal  condition,  the  confolidation  of  feveral 
animalcules  in  a fmgle  one  ? ^ We  fay  that  an  animal 
muft  have  a brain,  a heart,  arteries,  veins,  - nerves,  a 
ftomach,  &c.  Thefe  are  the  ideas  we  have  deduced 
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from  large  animals,  and  we  carry  them  every  where 
with  confidence.  We  aft  herein  like  a French  traveller, 
who  fhould  expeft  to  find  in  the  Terrce  Au  ft  rales  the 
modes  of  his  own  country,  and  that  would  be  greatly 
chagrined  on  being  difappointed.  The  animal  king- 
dom has  alfo  its  Terrce  Auftrales,  in  which  probably 
it  is  not  cuftomary  to  meet  with  a brain,  a heart,  a fto- 
mach,-icc.  Why  do  we  defire  that  nature  ihould  al- 
ways condefcend  to  form  one  animal  with  the  elements 
of  another  i She  might  indeed  be  conftrained  fo  to  do, 
did  not  her  fecundity  fnrpafs  that  of  our  poor  con- 
ceptions ? But  the  hand,  which  has  formed  the  po- 
lypus, has  demonftrated  to  us,  that  it  can,  when  ne- 
eeflity  requires,  aniroalize  matter  at  a much  lefs  ex- 
penfe.  It  has  defcended  by  alrnoft  infenfible  degrees- 
from  thofe  great  organized  maifes  we  call  quadrupeds, 
to  thofe  minute  organized  bodies  we  ftile  infeft  \ and 
by  gradual  and  fkilfully  contrived  fubtraftions,  it  has 
at  length  reduced  animality  to  her  fmalleft  terms. 
We  are  unacquainted  with  thefe  fmalleft  teims.  The 
polypus,  fimple  as  it  appears  to  be,  is  without  doubt  ve- 
ry much  compounded,  m ccrr:pafub»  of,  f~.;h 
as  are  placed  beneath  it  in  the  fcale.  It  is,  if  we  may 
be  allowed  the  expreffion,  too  much  an  animal,  to  be 
the  laft  term  of  animality.  We  know  that  the  brain 
is  the  principle  of  the  nerves,  that  it  filtres  the  fpirits  f 
that  the  nerves  are  the  organ  of  feeling  j that  the  heart 
is  the  primum  mobile  of  circulation  ; that  the  veins  and 
arteries  are  the  dependanctes,  all  this  we  have  feen  in 
great  animals,  we  have  again  to  our  furprife  found  it 
in  .infefts : though  under  different  forms:  we  were 
thus  accuftomed  to  regard  thefe  various  organs,  and 
fome  others,  as  effential  to  the  animal.  The  polypus, 
however,  exhibits  to  us  nothing  fimilar  j the  beft  mi- 
crofcopes  only  difeover  to  us  an  infinite  number  of 
fmall  diffeminated  feeds  in  its  whole  fubftance  ; and 
the  unforefeen  experiment  of  its  fhifting,  fufficiently 
proves  that  there  is  nothing  m ks  ftrufture  common  to 
that  of  animals  before  known  to  u».  Were  we  not  ca- 
pable of  imagining,  that  an  animal  had  been  endued 
with  the  property jgf  being  propagated  and  grafted  like 
a plant,  it  would  nave  been  much  lefs  poffible  for  us 
to  fufpeft  that  there  had  been  granted  to  it  the  power 
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to  fuip eSt  that  there  had  been  granted  to  it  the  power 
of  being  turned  infide  out  like  a« glove.  The  arm-po- 
lypus, is  neverthelefs  a perfetf  animal  ; its  voracity  is* 
exceflive  ? it  devours  all  the  little  infers  that  happen? 
to  touch  it,  and  feizes  then*  with  fuchlkill,.  as  feems 
to  give  it  an  affinity  to  hunting:  animals.  The  clutter 
polypus*  quite  differently  conftrudted,  has  not  the  fame 
v advantages,  bat  has  relative  ones  : it  can  excite  a ra— 
pid  motion  in  the  water  which  brings  towar  it  thofe 
living  corpufcles  it  feeds  upon.  There  are  undoubted^ 
Jjr  many  animals  that  are  ftill  much  more  difguifed 
than  the  clutter-polypus,  and  by  not  affording  us  any 
exterior  fign  of  animality,  leave  us  for  a long  time  un- 
certain of  their  true  nature.  When  a*  bulb  of  fuch  a* 
polypus  is  detached  from  it,  and  fixes  it  by  its  fliort 
pedicle  to  any  fupport,  fhould  we  be  apt  to  confider  it 
as  an  animal  production  t has  not  the  gall-infeCt  vbeem 
taken  for  a real  vegetable  gall-nut  by  fuch  obfervers  as 
had  not  feenit  in  its  primitive  ftate  ? Is  not  thr  pond ? 
mufcle  deficient  in  many  things  we  judge  to  be  necef- 
fary  for  the  animal  ? How  many  .fliell-fifh  ure  ftill 
^.S^radcd  l fkm  r«;cre;  there  may  probably 
exift  fo me  animate,  which  it  would  be  impoffible  for  uk 
to  acknowledge  as  fuch,  even  though  their  whole  ttruc-- 
ture,  aa  well*  internal  as  external,  fliould  be  laid  open 
$o  us  ; the  reafon  is,  that  judging,  only  according  to* 
our  prefent  notions,  we  cannot  deduce,  from  this  ftruc-^ 
lure  the  opinion  of  life* 

* " * * * » • } * i * 1*  1 . - - ■■ * -*  . b"  . _ ^ 

15.  I cannot  yet  quit  this  fubjefr-  We  are  not  able 
to  conceive  all  the  methods  by  which  the  author  of  na- 
ture has  given  life  and  lenfation  to  a prodigious  num- 
ber of  different  beings..  Let  us  judge  of  them  at  leafV 
by  a companion  ofa  fmali  number  of  animated  beings  ■ 
we  are  acquainted  with.  How  greatly  does  life  differ 
in  the  ape  and  bell*polypus  ? What  intermediate  de- 
grees are  there  betwixt thefe  two  terms‘?; : Perhapsthere 
are  dill  more  from  this  polypus  to  the  lafr  of  animals; . 
i do  not  examine  if  fouls  have  been  varied  like  bodies 
' but  I conceive  that  organized*  matter  has  been  modi- 
fied infinite  ways,  to  which  have  correfponded  as  many- 
. . • l.  ' > • different 
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different  methods  of  participating  life  and  fenfation.  I 
like  wife  conceive  that  the  fame  foul,  if  placed  fuccef- 
ftvely  in  all  the  organized  bodies  that  exift,  would  fuc- 
ce  (lively  experience  all  the  poffible  modifications  of  life 
and  fenfibility.  This  foul  would  pafs  thiough  all  the 
degrees  of  animality  ; and  if  (he  could  remember  them 
all,  and  compare  them,  (he  would  equal  the  fuperior 
intelligences  in  knowledge.  She  would  contemplate  „ - ) 

our  world  through  all  t&ofe  glades  that  have  been  gi- 
ven to  the  various  beings  that  inhabit  it. 

16.  Let  as  draw  a general  confequence  from  all  this : 
that  analogy,  which  is  one  of  the  great  lights  of  phy- 
fics,  is  not  capable  ©f  diflipating  the  (hades  of  it.  This 
light  is  frequently  extinguilhed  on  the  approach  of  cer- 
tain bodies  which  we  bring  to  the  touch  of  experiment. 

To  what  purpofe  does  analogy  ferve  in  -the  examinati- 
on of  the  bulb-polypus  ? We  cannot  even  define  thefe 
bulbs  ; and  does  the  i^me  we  give  them  exprefs  any 
thing  more  than  mere  appearances  ? How  can  analo- 
gy enlighten  us  concerning  the  nature  of  thefe  minute 
bodies,  and  the  manner  by  which  they  are  engendered 
and  ingender,  whilff  fhe  offers  nothing  to  us  either  in 
the  vegetable  or  ^animal  kingdom,  which  bears  the 
Ieaft  relation  to  thefe  productions,  fo  different  f;*m  all 
thofe  that  were  known  to  us  J I affirm  as-  much  with* 
regard  to  the  natural  divifion  of  the  bells,  and  of  the 
fluffing  of  the  arm-poly pufes.  This  is  an  entire  new 
order  of  things,  which  has  its  particular  laws,  which 
we  fliould  in  all  probability  be  able  to  difcover,  could 
we  find  fome  means  qf  penetrating  into  the  fecret  me- 
chanifra  of  thefe  little  beings.  We  fliould  then  difcem 
all  the  fidej,  by  which  they  are  conne&ed  with  other 
parts  of  the  organical  world. 

17.  When  weconfider  in  a general  view  the  compo- 
fition  of  men  and  quadrupeds,  we  (hall  prefently  dif^ 
cern  that  there  is  with  refpeff  to  all  of  them  the  fame 
foundation  of  ftruffure,  differently  modified  in  diffe- 
rent fpecies.  In  order  to  be  convinced  of  this,  we 
need  qnly  caff  our  eyes  on  thofe  anatomical  plates,  in 
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which  are  reprefented  the  fkeletons'  of  divers  animal^ 
that  have  been  difle&ed.  From  man*  , the  ape,  and' 
horfe,  to  the  fquirrel,  weafel,  and  moufe,  we  (hall  fee 
throughout  the  fame  defign,  the  fame  arrangement y 
the  fame  effential  relations,  except  in  a few  particulars*^ 
The  fpine,  whieh  is  formed  of  a feries  of  parts,  joined’ 
to  each  other  as  by  fo  many  hinges,  bears  to  its  uppers 
extremity  a fort  of  bony  boxv  of  greater  or  lefs  extent. 
Some  bony  arches,  which’ on  one  fide  are  conne&ed’ 
with  the  fpine,  and  on  the  other  with  a part  oppofitef 
to  it,  form  another  more  fpacious  box.  The  upper  an 
lower  extremities  are  joined  likewife  to  the  fpine  by  dif- 
ferent interpofed  bands,  and  maintain  thehody  in  thofe* 
various  attitudes  its*  exigencies  require.  This  oecono- 
my  is*  fo  generally  obferved,  that  it  has1  even  been  re- 
marked  that  the  vertebrae  of  the  neck  are  feven  in  num- 
ber in  all  the  fpecies*  Aimed  the  fame  order  is  to  be 
met  with  in  birds  and  fifhes.  It  varies  more  ahd  more 
in  reptiles*  (helUfifh,  and  infers.  The  latter  however 
Hare  their  bones,  feveral  parts  of  which  feem  to  imi- 
tate the*  correipondififi^  great  animals  ; bur 

TTuereas  among  the  latter  the  flelh  covers  the  bones 
on  the  contrary,  among  infe&s  the  bone  covers  the 
flefti.  In  this  numerous  clafs  of  little  animals*  nature 
has  in  an  efpecial  manner  diverfifiedr  her  modeft>the 
ltioftv  and < dhpkyed, the  wonderful  fecundity  of  her  in- 
ventions* In  the  large  parts*  of  the  animal  kingdom 
fhe  pretty  nearly  purfues  the  fame  plan-of  architecture, 
and  hardly  diverfifies  any  thing  but  the  orders.  In  one* 
we  behold' the  ftrength  and  majefty  of  the  Tufcan  ; in*  v 
others  the  elegance  and  delicacy  of  the  Corintbiaiw- 
But  when  (he  defeends  to  infers,  (he  feems  entirely 
to  change  her  plan*  and* to  retain  as  little  as  poffible 
of  her  firft  models.  She  feems*  at  length  to  abandon 
them  altogether  in  her  formation  of  an  arm  or  beli-po* 
lypus.-  She  confthi&s  plants  on  (till  different  models; 
but  thefe  models  retain  in  them  fomething  of  the  or* 
ganization  of  animals,  and  particularly  that  of  infe&s* 
The  organs  of  refpiration  are  almoft  the  fame  in  the 
plant  and<  infe<Sh  Thofe  parts  which  are  eflenrial  to 
bfe  are  difperfed  throughout  the  whole  body  of  the 
plants  as  they  are  in  mfe&sK  that  ate  reproduced  by 
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.Hips.  Thofe  plants  which,  appear  to  be  mod  elevated 
in  the  fcUle,  exhibit  to  us  a (talk,  branches,  roots,  j 

leaves,  flowers,  and  fruit.  A fwine-bread,  an  agaric, 
a liver-wort,  on  the  contrary,  are  fo  extremely  dif- 
guifed,  and  have  in  them  fo  fmall  a refemblance  to 
plants,  that  it  is  nece/Tary  to -have  the  eye  of  a ftriCt  ob- 
lerver,  in  order  to  know  and  characterize  them. 

Thefe  half  vegetable  productions,  *if  I may  be  allowed 
tiie  phrafe,  feem, : in  the  r vegetable  kingdom  to  be  what 
the  gall-infeCt,  polypus,  -and  . the  mufcles  are  in  the 
animal."*  They  do  not  appear  to  "be  more,  organized 
than  an. amianthus,  a, talc,  ..or  a cryftal. 

IS.  The  dittance-  however  is  much  greater  from  the 
.rnoft  regular  foffil,  or  that  mod  refembling  a vegeta- 
ble, to  the  plant  in  the  leaft  degree  fo,  or  that  is  the  . 
lead  organized.  The  foffil  does  not  grow,  properly 
fpeaking  : it  does  not  receve.  nourifliment,  nor  engen- 
der. It.  is  formed  of  the  fucceffive  apj>ofition  of  dif- 
ferent .molecules,  which  by  uniting  togethemmder  cer- . 

. tain  relations,  determine  its  figure!  The  plant  is  a bo- 
dy truly  organized,  which  of  itfelf  works  the  mole- 
cules, deftined  to  incorporate  themfelves  with  its  fub- 
fiance,  and  -to  extend  it  every  way,  .and.  contains  little 
bodies  refembling  it,  which  it  nourifhes,  caufes  to  ex- 
pand themfelves,  and  by  meaas  of  which  it  multiplies 
its  being.  Nature  then  feems  to  make  a great  chafm 
in  paffing  from  the  vegetable  to  the  foffil,  Ctc.  There 
are  no  ‘bands,  no  links  hitherto  known  to  us,  .which 
.unite  the  vegetable  to  the  mineral  kingdom.  'But 
fhall  we-form  our;judgment  of  the  Chain  of  beings  by 
our  prefent  degrees  of  knowledge  -?  Becaufe'we  here 
and  there  difcover  in  it  feme  interruptions,  fome  void 
fpaces,  fhall  iwe  conclude  "from  thence  that  they  are 
.real  ? Shall  we  imagine  Chat  a comet  has  fplit  the  fcale 
of  our  world,  and  deftroyed  the  harmony  of  it  ? We 
are  only  beginning  to  furvey.the  vaft  cabinets  of  na- 
ture ; and  amongft  that  innumerable  .multitude  of  va- 
rious productions  which  fhe  has  aflenibled,  how  many 
are  there  which  we  have  not  fo  much  as  feen,  and  can 
frame  no  idea  of  their  exiftence  ? Shall  we  haften  to 
.decide  concerning  the  refult  of  thefe  productions  before 
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we  have  examined  them  all,  or  formed  an  exa£t  lift  of 
them  i The  vacancy  we  fuppofe  left  between  the  ve- 
getable and  mineral,  will  in  all  probability  be  one  day 
iupplk-'d.  There  was  a fimilar  void  betwixt  the  ani- 
mal and  vegetable : the  polypus  now  fills  it  up  and  fets 
in  a confpicuous  light  the  admirable  gradation  there  is 
among  all  beings.  It  is  true  we  cannot  form  any  main 
idea  betwixt  the  plant  and  the  foflil  ; we  do  not  ima- 
. gine  there  is  any  fhadowing  between  growth  and  ap- 
pofition  : but  had  we  formed  any  conception  of  the 
properties  of  the  polypus  ? If  thofe  marine  produc- 
tions, wl;ich  have  been  called  ftony  plants,  were  real 
plants,  they  were  in  fome  meafure  one  of  the  links 
requifite  for  uniting  the  vegetable  to  the  mineral  king- 
dom. But  late  difcoveries  have  informed  us,  that 
thefe  pretended  plants  are  only  works  of  certain  po- 
lypufes,  that  have  the  art  of  conftru&ing  cafes. for 
themfelves.  Thofe  coral  flowers,  fo  much  celebrated, 
were  real  polypufes,  and  this  is  another  truth  where- 
with the  polypus  has  enriched  the  phyfical  world. 

19.  Organized  bodies  are  tiflues  which  are  more  or 
lefs  fine  pieces  of  net- work,  or  pieces  of  ftuff,  whofe 
warp  itfelf  forms  the  woof,  by  an  art  which.we  (hould 
think  we  could  never  enough  admire,  were  we  ac- 
quainted with  it.  Foffils  are  a kind  of  inlaid  work. 
We  do  not  know  where  the  organization  ends,  nor 
which  is  its  fmalleft  term.  But  by  ceafing  to  orga- 
nize, nature  does  not  ceafe  to  difpofe  or  arrange.  She 
even  feems  to  organize  when  (he  has  made  an  end  of 
doing  fo.  One  would  be  ready  to  imagine  that  fibrous 
and  leaved  ftones  were  vegetables  in  part  difguifed. 
The  conftant  regularity  of  falts  and  cryftals  ftrikes  us 
in  an  equal  degree.  We  may  be  affured,  that  the 
cryftal  is  formed  of  the  repetition  of  an  infinite  num- 
ber of  fmall,  regular  and  pyramidal  bodies,  properly 
laid  on  each  other,  which  reprefent,  in  fome  meafure, 
the  whole  exactly  in  miniature.  We  fhould,  notwith- 
ftanding,  be  very  much  miftaken,  were  we  to  confi- 
der  thefe  little  pyramids,  as  the  .germ  of  the  cryftal ; it 
is  ftri&ly  fpeaking  no  more  than  an  element  or  confti- 
tuent  particle  of  it.  It  does  not  unfold  itfelf,  it  re- 
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mains  as  it  was ; but  it  ferves  as  a fupport  to  other  fi- 
milar  pyramids  which  are  to  be  joined  to  it*  and  thus 
to  augment  the  cryftaline  mafsby  fucceffive  aggregates# 
The  cryftaline  juice  is  not  received,  wrought,  and  affi- 
milated  by  ftrainers  or  veflels  that  are  more  or  lefs 
4fine,  or  more  or  lefs  folded  together,  within  the  pyra- 
mid ; it  is  already  entirely  prepared  when  it  procures 
the  union  of  different  molecules  into  one  pyramidal 
mafs,  by  virtue  of  the  laws  of  motion  and  attra&ion. 
This  is  the  primary  chara&er  which  diftinguifhes  brute 
from  organized  bodies  : a character  which  we  ought 
never  to  lofe  fight  of,  when  we  compare  together  be- 
ings of  thefe  two  claffes. 

20  Thus  the  bodies  of  plants  and  animals  are  fpe- 
xies  of  looms,  machines  more  or  lefs  compounded, 
which  .convert  into  the  proper  fubftance  of  the  plant  or 
animal  the  various  matters  fubje&ed  to  the  adion  of 
, their  fprings  and  liquors.  Thefe  machines,  which  are 
fo  fuperior  in  ftru&ure  to  thole  of  art,  feem  ftili  more 
fo  when  compared  in  their  eflential  effe&s.  Thofe  mat- 
ters which  organical  machines  work,  they  like  wife  af- 
fimilate  and  incorporate  with  themfelves  \ they  grow 
by  this  incorporation,  augment  in  their  dimenfions 
every  way,  and  during  their  growth,  all  their  parts 
preferve  among  themfelves  the  fame  relations,  the 
fame  proportions,  the  fame  exercife ; all  continue  to 
difcharge  their  proper  functions : the  machine  remains 
irx  its  extended  ftate,  what  it  was  in  miniature.  It  is  a 
fyftem,  a wonderful  affemblage  of  an  almoft  infinite 
number  of  tubes,  differently  formed,  calibered,  and 
interwoven,  that  like  fo  many  filtres,  purge,  fafhion, 
and  refine  the  nutritious  matters.  Each  fibre,  what 
d am  faying  ? Each  fibriliia  is  itfelf  a machine  in 
miniature,  which  by  performing  analogous  preparati- 
ons, appropriates  to  itfelf  the  alimentary  juices,  and 
gives  them  the  arrangement  fuitable  to  its  form  and 
iheir  functions.  The  whole  machine  is  in  fome  mea- 
fure  only  the  repetition  of  all  thefe  leffer  machines,  whole 
united  ftrength  confpires  to  the  fame  general  end*  The 
excellence  of  organical  machines  appears  in  a confpi- 
cuous  -light  * from  other  ftiU  more  ftpking  inftances. 
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They  not  only  produce,  from  their  own  foundation, 
machines  fimilar  to  them,  but  a great  number  of  them 
reproduce  of  themfelves,  thofe  parts  they  had  been  de- 
prived of,  which  various  parts  become  afterwards  a6 
many  machines,  equally  perfefi  with  thofe  whereof 
they  before  only  made  a part. 

• , / a 

21.  To  conclude  the  lame  general  defign  com- 
prizes all  parts  of  the  terreftrial  creation.  A glohule 
of  light,  a molecule  of  earth,  a grain  of  fait,  a particle 
of  mouldinefs,  a polypus,  aJhell-fiflj,  a bird,  and  a qua- 
druped, man,  are  only  different  ftrokes-of  this  defign.; 
and  reprefent  all  poffible  modifications  of  the  matter  of 
our  globe.  My  expreffion  falls  greatly  beneath  reality  ; 
thefe  various  productions  are  not  different  firokes  of 
the  fame  defigns;  they  are  only  fo  many  various 
points  of  a Angle  ftroke,  that  by  its  infinitely  varied  cir- 
cumvolutions, traces  out  to  the  aftonifhed  eyes  of  the 
cherubim,  the  forms,  proportions,  and  concatenation 
of  all  earthly  beings.  This  tingle  ftroke  delineates  all 
worlds,  the  cherub  himfelf  is  a point  of  it : and  that 
adorable  hand  which  drew  this  ftroke,  alone  poffeftes 
the  method  of  defcribing  it. 

■ . • - * ' 
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CHAP.  IX. 

Continuation  of  Animal  (Economy  considered 

m Insects, 


1.  TN  the  leventh- chapter  you  have  feen  the.  earth- 


X worm  regenerate ; you  have  contemplated  the 
progrefs  of  this  regeneration ; you  have  remarked  a 
little  bud  that  grew  at  the  fore-part  of  the  flump, 
which  unfolding  itfelf  by- degrees,  became  a vermi- 
form appendage,  a kind  of  little  worm,  that  feemed 
to  be  ingrafted  on  the  flump. 

This  animal  bud  has  difcovered  to  yob  the  firfl 
origin  of  the  part  that  is  reproduced.  You  have  per- 
ceived that  it  was  lodged  in  a miniature  under  the 
flefliy  parts  of  the  flump,  and  that  the  latter  does  not 
contribute  .more  towards  this  production  than  the 
earth  does  to  the  plants  that  have  taken  root  in  it. 

Thus  the  earth- worn*  contains,  like  the  polypus,  a 
multitude  of  germs,  which  begin  to  unfold  themfelves 
as  foon  as  certain  accidents  convey  towards  them  the 
nutritious  juices. ' The  fources  of  reparation  are.  here 
in  proportion  to  the  accidents  that  may  threaten  the 
animal.  But  the  reprobation  of  the  earth-worm  is 
much  more  aftoniflhng  than  that  of  the  polypus.  It 
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|s  not  only  an  enormous  coloffus  in,  companion  of  the 
pfiiypus,  but  its  ftrmftnre  • is  alfo  much  more  cons- 
pounded.  It  affords  a more  numerous  apparatus  of 
vifcera,  veffels,  tracheae,  mufcles,  See,  It  has  real 
blood,  and  this  blood  circulates.  But  it  is  befides  an 
hermaphrodite:  it  unites  at  once  all  the.  organs  pecu- 
liar to  the  two  /exes.  This  infeft,  which  in  appear- 
ance js  the  moft.  contemptible,  would  alone  be  iuffi- 
cient  to  exhauft  the  fagaefty  of  the  ableft  obf'erver, 
though  applying  himfelf  folely  to  the  contemplation  of 
iU  .What  a gainer  would  phyfiology  be  from  fuch  yi* 
<juiry  ? What  a number  of  truths,  concerning  which 
we  fhould.have  no  doubt,  would  then  augment  thq 
treafures  of  our  phyfkal  knowledge  ? 

- -4T  :->*  * • l r < ^ ~ " 

• X r 

The  regeneration  of  freih  water  worms  prefents 
with  the  fame  ^phenomena  as  that  of  the  earth- 
worm, and  their  ftrufture  is  likewife  very  much  com- 
pounded. Several  fpecies  of  them  are  principally  dif- 
tiriguilhed  by  their  colour.  All..of  them  do, not  pofi 
fefs  in  the  fame  degree  ;the,prop«rty  of  multiplying  by 
, flips,  s In  general,  the  polypus  greatly  furpaffes  them 
jthem  in  this  refpeft  ; perhaps,  becaufe  its  ftrufture  is 
more  fimple  ; and  it  may  alfo  be  owing  to  its  having 
a more  ample  provifion  of  germs.  Be  that  as  it  may, 
when  we  cut  off  the  head  or  tail  from  the  worms  we 
are  treating  of,  they  do  not  themfelves  become  worms? 
but  all,  or  the  greateft  part  of  the  intermediate 
pieces,  • how . fin  all  foeyer  they  be,  -very  eafily  regene- 
rate themfelyes,  and  in  a/bort  time  produce  an  equal 
number  of  complete  worms. 

Regeneration  begins  by  a little  puffing  .up  .of  the 
anterior  extremity ; this  puffing  feems  analogous  to 
the  vegetable  roll.  The  wound  clofes  and  quickly 
eonfolidates.  A little  bud  appears  in  the  centre  ofthe 
roll.  ' This  bud  increafes  in  fize  and  length  by  de- 
grees. New  rings  and  new  vifcera  begin  to  appear. 
You  fee  from  the  reft  what  is  to  follow, 

,i  You  alfo  -very  eafily  comprehend  after  what  manner 
• each  piece  .vegetates  ofitfelf.  It  has  in  miniature  the 
fame  vifcera  as  the  whole  exhibited  at  large.  You 
have  not  forgot  that  the  parts  effential  to  life  are  here 
. ; - . * . . . . difperfed 
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iifperfed  throughouf  the  whole  bbdy,  arid  that  circd* 
lation  is  performed  in  the  fmalleft  piecesasin  the 
whole  worm.  • 

Little  buds  of  tubercles  fometimes  rife  on  the  bodies 
Of  thefe  worms,  and  give  room  to  think  that  they  are 
young  ones  growing  frorif  them,  flips  refemblitig  thofe 
of  the  polypus,  having  the  fame  origin  arid  end. 

This  fpecies  of  worm,  from  certain  pieces  of- which 
a tail  (boots  forth  in  the  part  where  a head  fliould  have 
been  produced,  affords  a very  Angular  phenomenon* 
which  the  freqriency  of  it  does  not  permit  us  to  confl- 
der  as  the  mere  effedl  of  chance.  It  alfo  proceeds  lefs 
from  chance-  thrift  the  production  of  this  fupernume-  * 
rary  tail.  It  is  too  well  organized  not  to  have  the 
fame  origin  as  that  which'ftioots  forth  at  the  pofterior 
extremity.  But  We  cannot  pretend  to  fay' what  are 
the  carifes  which  here  determine  a'  tail*  to  take  the 
place  of  a head;  We  only  know,  that  this  kind  of 
Worm  is  very  muchexpofed  to  the  lofs  of  its  hind  part; 
it  is  therefore  in  all  probability  furnifhed  with  more 
rheans  for'  repairing  this-  loft*-.  than  that  of  the  fore* 
part.  " 1 — " ■ 

3.  It  would  feem  as  if  nature  had  propofed  to  her*; 
felf  a kind  of  diverfion  in  the  formation  of  infeCts. 
She  has  lavifhly  beftowed  on  them  members  and  or* 
gans,  which  {he  has  diftributed  but  fparingly  to  other 
animals  ; to  one  fhe  gives  twro  hundred  legs  ; to  ano- 
ther twenty  thoufand  eyes  ; to  a third  feveral  hundred 
lungs,  &c.  The  production  of  new  legs,  new  rings* 
a nevr  head,-  and  a new  vifcera,  feem  in  thefe  inftances 
to  be  attended  With  no  greater  labour  or  difficulty  than 
the  production  of  new  hairs  or  new  feathers.'. 

She  often  likewife  difguifes  the  fame  infeCt,  and  pre- 
fents  it  to  Xts  fucceffively  under  fuch  oppofite  forms* 
that  they  feem  to  compofe  fo  maity  diftinCt  beings. 
This  leads  us  to  the  metamorphofis  of  infeCts* 

4*.  We  have  had  frequent  occafion  to  acknowledge, 
that  the  proceedings  of  nature  are  not  always  uniformt 
and  that  flie  can  aceomplifh  the  fame  end  by  very  dif- 
ferent ways.  Look  at  this  little  oblong,  black,  fmootht 

and 
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and  fhining  cone.  It  mod  refembles  thofe  cones  which 
many  infers  conilruft  to  metamorphofe  themfelves  in. 
However,  it  differs  from  them  in  fome  effential  parti- 
culars. View  it  through  a microfcope  ; you  will  then 
^ perceive  in  it  fome  annular  incifions,  but  not  very 
deep,  which  difeover  to  you  its  true  nature,  and  at 
the  fame  time  informs  you,  that  it  is  nothing  but  the 
fkin  of  a worm,  which  is  become  round,  and  has  con* 

* trailed  a hardnefs.  Open  it  gently  with  the  point  of  a 
needle,  you  find  nothing  in  it  but  a kind  of  pap,  in 
which  you  are  able  to  difeover  nothing.  The  infe& 
has  but  lately  loft  its  form  of  a worm ; how  has  it 
been  reduced  into  that  foft  fubftance  ? How  will  that 
become  an  infeft  ? Sufpend  your  queftions,  and  open 
a cone  that  islefs  recent  than  this.  What  do  you  difi* 
cover  in  it  ? A little  mafs  of  oblong,  whitifh  flefti,  in 
which  you  cannot  perceive,  even  through  a magnify- 
ing  glafs,  (the  leaft  figns  of  members  or  organs.  In  a 
word,  you  have  before  you  an  oblong  ball.  Do  not 
imagine  that  this  ball  is  a cafe  that  contains  a nymph : 
it  is  itfelf  a nymph  that  is  much  difgurfed.  Prefs  the 
ball  a little  : the  legs  begin  now  to  Ihew  themfelves ; 
they  come  out  of  a little  focket,  that  is  at  one  of  the 

•extremities  of  the  ball.  Augment  the  preffure  by  de* 
grees  ; you  will  force  all  the  parts  of  the  nymph  to  ap- 

• pear. * They  therefore  exift  already:  but  they  were 
lUnk  and  infolded  within  the  ball,  almoft  as  the  fingers 

- of  a glove  might  be  in  the  band  of  a glove. 

If  you  could  make  the  fame  experiment  on  the 
oviform  bodies  of  net-polypufes,  and  on  the  buds  of 
arm-polypufes,  that  you  have  lately  made  on  the  ob* 
* -long  ball,  you  would  probably  oblige  the  little  polypus 
to  produce,  itfelf,  and  by  that  means  accelerate  the 
time  of  its  birth. 

5.  Infefts  that  pafs  through  the  ftate  of  an  oblong 
ball  can  therefore  form  themfelves  a cone  of  their  own 
Ikin.  All  the  parts  of  the  nymph  feparate  themfelves 
by  little  and  little  from  this  fkin:  It  grows  round  and 

hard  about  them ; and  under  this  Angular  arch  they 
make  an  end  of  perfecting  themfelves.  They  are  at 
firft  only  of  the  confiftence  of  a pap.  This  thickens 
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by  degrees.  It  affumes  the  form  of  an  oblong  tall  % 
and  when  all  the  members  of  the  nymph  have  acquired 
a certain  confiftence,  they  iffue  one  after  another  from 
the  infide  of  the  ball,  and  arrange  themfelves  like 
thofe  of  other  nymphs. 

By  becoming  a kind  of  cone,  the  (kin  of  the  infedt 
does  not  lofe  in  all  the  fpecies,  the  form  that  was  pros- 
per to  the  worm ; fome  of  them  preferve  it  fo  well, 
that  the  metamorphofed  worm  fcarcely  differs-  at  all 
from  the  worm  that  has  not  been  yet  transformed. 

‘ , ✓ # 
6.  A hen  that  fhould  lay  an  egg  as- large  as  herfelf, 
from  which  a cock  or  a hen  would  be  hatched,  may 
offer  to  us  fuch  a prodigy,  as  we  fhould  find  fome  dif- 
ficulty in  believing.  A fly  that  is  troublefome  to 
horfes,  and  whofe  form  has  caufed  k to  be  named  the- 
fpider-fly,  affords  us  ftrch  a prodigy  ; and  it  fhould  not 
feem  the  lefs  ftrange,  becaufe  it  takes  place  only  in  an- 
infedt.  Were  there  a law  in  the  organical  kingdom,  to 
' which  we  knew  no  exception;  it  would  affuredly  be  that 
which  ordained  every  organized  body  to  grow  after  its 
birth.  Neverthelefs,  here  is  a fly  that  lays  a fpecies  of 
* egg,  horn  which  is  produced  another  fly  as  large  and 
asperfedt  as  the  mother.  This' egg  is  almoftround, 
white  at  firft,  and  afterwards  of  a black  or  ebony  co- 
lour. The  fhell  is  firm  and  polifhed — but  I muff  un- 
deceive my  reader : this  is  not  a real  egg,  but  has  only 
the  appearance  of  one;  it  is  the  .infedt  itfelf  that  has 
affumed  the  form  of  an  oblong  ball  in*  a cone  made  of 
' its  own  fkin.  The  thing  is  not  the  lefs  wonderful  on 
that  account.  All  infedts  that  metamorphofe  them- 
felves go  through  their  various  transformations,  out  of 
the  belly  of  their  mother.  They  are  indeed  to  grow 
confiderably  before  they  undergo  their  firft  transforma- 
tion, but  do  not  grow  at  all  *after  wards.  We  have  then 
an  infedt  that  transforms  itfelf  in  the  very  belly  of  its 
mother,  and  acquires  no  farther  growth  after  it  has 
' iffued  from  it. 

Thefe  cones  of  the  fpider-fly,  thefe  pretended  eggs 
-'have  been  opened' at  different  times ; and  in  them  have 
been  found  the  fame  things  that  are  difcerned  in  the 
oblong  ball-nymphs,  when  obferved  at  their  different 

' ages. 
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ages.  Moreover,  there  have  been  difcerned  ftigmat* 
in  this  fpecies  of  cone  that  might  be  taken  for  a real 
egg,  which  is  an  evident  proof  that  it  was  the  fkin  of 
a worm  that  has  transformed  itfelf  under  this  very 
flcin.  An  egg  is  without  motion : our  cone  has  forfte 
that  are  very  vifxble,  and  in  certain  circumftances  the 
Inflde  admits  of  their  being  feen,  which  attrafls  the 
attention  of  the  obferver.  He  feems  to  difcem  little 
clouds  that  fucceed  each  other  without  interruption, 
and  that  pals  with  a progreffive  and  uniform  motion, 
from  one  end  of  the  cone  to  the  oppofite  one.  In  the 
cones  that  are  laid  before  the  time,  thefe  fhadowy 
layers  have  a contrary  direction  from  that  which  they 
have  in  thecones  at  the  full  time.  You  have  feen  that 
the  circulation  varies  its  courfe  in  the  nymph  ; fince 
our  fhadowy  layers  change  their’s  likewife,  they  pretty 
clearly  indicate  to  us,  that  the  abortive  cone  is  the 
worm  itfelf,  that  has  not  yet  gone  through  its  meta- 
morphofis.  This  worm  is  in  truth  a very  Angular  be- 
ing ; it  has  neither  head,  mouth,  nor  any  member : it 
is  in  appearance  nourifhed  like  the  eggs  of  birds,  in 
the  trunks  that  enclofe  them.  A nice  difleftion  d'emon- 
ftrates  the  ovary  of  the  fly,  and  the  worm  lodged  fa 
the  middle.  • ^ : 


7.  When  animals  were  divided  into  viviparous  and 
oviparous,  it  was  thought  that  all  the  fpecies  were 
comprehended.  - The  vine  fretter  came  firft  to  clafh 
with  this  famous  divifion,  and  convinced  us  that  an 
animal  was  at  the  fame  time  viviparous  and  ovipa- 
rous. The  arm-polypus  next  appeared,  and  prefented 
us  with  an  animal,  that  multiplying  by  flips,  might 
with  good  reafon  be  called  ramiparous.  There  have 
even  been  obfervations  made  which  feem  to  prove  that 
it  is  likewife  oviparous.  Another  fpecies  of  polypus, 
that  multiplies  alfo  by  flips,  and  is  extremely  well  - 
charafterifed  by  a fort  of  plume,  lays  real  eggs. 
Thefe  eggs  may  be  preferved  in  a dry  place  for  the 
fpace  of  whole  months,  like  the  feed  of  filk-worms ; 
and  if  afterwards  fown  in  water,  there  will  be  pro- 
duced from  them  as  many  polypufes.  The  bulb-poly- 
pus may-  be  depi&ed  by  the  epithet  of  bulbiparous. 

But 
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But  how  (hall  we  defcribe  the  multiplication  of  other 
clufter-polypufes,  that  of  the  net-polypufes,  and  of  ' 
millipes  i Ladly,  the  l'pider-fly  prefents  us  with  ana?* 
ther  method  of  multiplying,  in  which  there  is  nothing 
that  is  common  with  any  of  thofe  above-mentioned, 
and  which  is  attempted  to  be  expreffed  by  the  term  of 
nymphiparous.  How  many  other  methods  of  propa- 
gating will  there  be  difcovered  every  day  for  which  it 
will  be  neceffary  to  create  new  terms ! ■ 

8.  One  animal  does  not  differ  more  from  another 
than  a worm  from  a nymph.  And  what  renders  this 
metamorphofis  ftill  more  furprifing  is,  that  it  feems  to 
be  performed  inftantaneoufly* 

» What  then  is  the  procedure  of  nature  m this  refped  ? 
She  in  other  inftances  advances  by  degrees.  An  in- 
fen  iible  developement  brings  all  organized  bodies  to  a 
hate  of  perfection;  Can  this  law,  which  is  fo  univer- 
fal,  fuffer  any  exception  ? A fact  which  I am  going 
to  relate  will  help  us  to  penetrate  this  mydery. 

Let  us  confine  ourfelves  to  caterpillars;  they  are 
fufficiently  known  to  us,  finee  the  filk-worm  is  a real 
♦ caterpillar.  The  caterpillar  from  time  to  time  changes 
his  fkin,  and  that  is  common  to  him  and  molt  other 
infeds.  Thefe  moukings  are  termed  maladies  in  the 
lilk-worm,  and  they  are  fo  in  effeft.  But  it  is  very 
material  to  obferve,  that  the  fkin  which  the  caterpillar 
calls  off  at  each  moulting  fs  fo  complete,  that  it  leems 
to  be  of  itfelf  a real  caterpillar.  There  is  found  in  it 
a head,  eyes,  a mouth,  jaws,  legs,  armed  with  hooks, 
ftigmata,  ahd  generally  all  the  external  parts  proper 
to  the  infed.  • ; 

How  is  the  caterpillar  enabled  to  dived  itfelf  of  fo 
many  organs,  and  clothe  itfelf  with  new  ones  re- 
fembling  the  fird  ? Nothing  can  be  more  fimple  than 
this  : new  organs  were  lodged  in  the  old  ones,  as  in  fo 
many  cafes  or  Iheaths.  In  changing  its  fldn,  the  cater- 
pillar had  occafion  only  to  draw  them  away,  and  drew 
them  accordingly,  becaufe  the  cafes  proved  too  drait. 

This  jointing  is  fo  real,  that  it  may  be  perceived  hy 
the  naked 'eye.  It  may  even  be  demondrated  by  a 
very  eafy  experiment.  If  on  the  approach  of  the 

A 3'  „ _ moulting, 
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moulting,  we  cut  off  the  former  legs  of  the  caterpil- 
lar, (he  will  ilfue  from  her  fpoils  without  any  legs  at 
all.  Thus  this  caterpillar,  which  we  confidered  as  a 
fimple  and  lingular  being,  was  in  fome  meafure,  a 
. multiplied  being,  or  compofed  of  feveral  fimilar  be- 
ings jointed  into  each  other,  and  that  fucceffively  un- 

- fold  themfelves.  • 

* * ‘ w • • V 

9.  Hence  arifes  a very  probable  conjecture : may 
not  the  chryfalis  be  lodged  under  the  laft  Ikin  the  ca- 

• terpillar  is  to  call  pff  ? May  not  this  Ikin  be  a malk 
that  conceals  it  from  our  light  ? 

A.celebrated  obferver  has,  by  a decifive  experiment, 
allured  himfelf  of  the  truth  of  this  conjecture.  He 

* has  removed  the  malk,  and  has  by  this  means  difco- 
vered  the  chryfglis  in  a manner  very  eafy  to  be  diftin- 

• guilhed.  He  has  feen  the  fix  legs  of  this  chryfalis  to 
grow  out  of  the  fix  former  legs  of  the  caterpillar,  and 
all  the  other  members  of  the  latter  to  be  wrapped  to- 
gether under  different  parts  of  the  former. 

The  metamorphofes  of  infeCls,  then,  enter  anew  in- 
to the  order  of  developements,  and  confirm  it.  The 
chryfalis,  or  rather  the  butterfly,  for  it  is  in  the  ftriCt* 
ell  ienfe  but  a fwaddled  butterfly  ; the  chryfalis,  I fay, 

■ pre-exifted  in  the  caterpillar.  It  does  no  more  than 
unfold  itfelf  in  it,  and  the  caterpillar  is  a kind  of  ma- 

■ chine  prepared  for  performing  afar  off  this  develope- 

- ment.  It  is  in  fome  refpeCls,  to  the  chryfalis,  what 
the  egg  is  to  the  chick. 

10.  In  truth  an  infeCl  that  mull  moult  five  times 
before  it  is  inverted  with  the  form  of  a chryfalis,  is  a 
Compound  of  five  organized  bodies,  enclofed  w'ithin 
each  Other,  and  nourilhed  by  common  vifcera,  placed 
in  the  centre. 

As  the  bud  of  a tree  is  to  the  invifibie  buds  its  en- 
clofes,  fo  is  the  exterior  part  of  the  caterpillar  newly 
batched  to  the  interior  bodies  it  conceals  in  its  bofom. 
Four  of  thefe  bodies  have  the  fame  effential  ftrufture, 
, and  this  ftru&ure  is  that  which  is  peculiar  to  the  inf<“6k 
in  the  ftate  of  a caterpillar.  The  fifth  body,  which  is 
very  different)  is  that  of  the  chryfalis.  The  refpec- 
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tlve  ftate  of  thefe  bodies  are  in  proportion  to  their  dis- 
tance from  the  centre  of  the  animal.  Thofe  that  are 
tkefartheft  off  have  more  confidence,  or  unfold  them- 
felves  fooneft. 

When  the  exterior  body  has  attained  its  full  growth, 
the  interior,  which  immediately  follows,  is  confidera- 
bly  unfolded.  It  foon  finds  itfelf  lodged  in  too  nar- 
' row  a compafs.  It  ftretches  on  all  fides  the  (heaths 
that  enoompafs  it.  The  veffels  which  convey  the  nou- 
rifhment  to  thefe  coverings  being  broken  or  ftifled  by 
this  violent  cfiftention,  ceafe  to  ad.  The  (kin  wrin- 
kles and  dries  up.  At  length  it  opens,  and  the  infed 
appears  clothed  with  a new  fkin  and  new  organs. 

A faft  of  a day  or  two  precedes  each  moulting.  It 
is  probably  occafioned  by  the  violent  ftate  in  which  all 
the  organs  then  are.  * Perhaps  it  might  be  alfo  necef- 
fary  in  order  to  promote  the  fuccefs  of  the  operation, 
arid  prevent  obftrudions.  Be  this  as  it  may,  the  in-  ~ % 
fed  is  weak  after  evsry  moulting.  All  its  organs  are 
yet  affeded  by  the  ftate  they  were  in  under  the  cover- 
ing they  are  juft  difengaged  from.  The  fcaly  parts, 
as  the  head  and  legs  are  almoft  entirely  membraneous, 
and  are  all  imbued  with  a liquor  that  infinuates  it- 
felf betwixt  the  two  fkins,  and  facilitates  their  repara- 
tion. But  this  moifture  evaporates  by  degrees:  all 
the  parts  acquire  a confidence,  and  the  infed  is  in  a - 
condition  to  ad.  The  firft  ufe  that  fome  fpecies  of  ca- 
terpillars, which  live  only  on  leaves,  make  of  their 
new  teeth,  is  to  devour  greedily  their  fpoils : fome- 
times  they  will  not  even  wait  for  doing  it,  till  their 
jaws  have  received  their  full  degree  of  ftrength.  _ Can 
thefe  fpoils  be  a proper  aliment  to  renew  and  increafe 
their  ftrength  ? Some  caterpillars  have  likewife  been  - 
feen  to  gnaw  the  (hells  of  their  eggs  after  they  have 
iffued  from  them,  and  even  that  of  the  eggs  of  fucb 
caterpillars  as  have  not  been  hatched. 

11.  When  we  have  once  conceived  that  all  the  exte- 
rior parts  of  the  fame  kind  are  jointed  into  each  . 
other,  or  laid  one  on  another,  the  produdion  of  new 
organs  has  nothing  embarraffing  in  it ; and  with  re- 
gard to  this,  there  is  uot  any  effential  difference  be- 
twixt 


twlxt  the  five  moultrrfgs  that  precede  the  transforma* 
tion.  Nothing  more  is  requifite  in  all  that,  but  a 
limple  developement. 

But  it  is  not  abfolutely  the  fame  with  refpe<ft  to 
changes  that  happen  in  the  vifcera  before,  during  and 
after  the  metamorphofis.  Here  the  light  that  ftiould 
guide  us  is  almoft  extinguiftied,  and  we  are  con* 
ftrained  to  grope  in  the  dark. 

It  does  not  appear  that  the  infeft  changes  its  vifcera 
as  it  does  its  ikin.  Thofe  which  exifted  in  the  cater- 
pillar, exift  likewife*in  the  chryfalis;  but  they  are 
modified,  and  it  is  the  nature  of  thefe  modifications, 
and  the  manner  by  which  they  are  performed,  which 
elude  our  refearches.  - 

A little  before  the  metamorphofis,  the  caterpillar 
rejects  the  membrane  that  lines  the  infide  of  the  in* 
teftinal  bag.  This  bowel  which  has  hitherto  digefted 
grofs  food,  mo  ft  hereafter  digeft  that  which  is  Ex- 
tremely delicate.  The  blood  that  circulates  in  the 
caterpillar,  from  the  hind  part  towards  the  head,  cir- 
culates a contrary  way  after  transformation.  If  this 
inverfion  be  as  real  as  obfery&tkms  indicate,  what 
idea  does  it  not  give  us  of  the  changes  the  infide  of 
the  animal  experiences  ? Thofe  which  the  circulation 
of  the  blood  in  a new-born  infant  undergoes,  are  in  a 
manner  nothing  in  comparifon  of  them. 

12.  Whilft  nature  is  labouring  to  change  the  vif- 
cera, and  to  give  them  a new  life,  (he  is  employed  at 
the  fame  time  in  the  developement  of  divers  organs, 
■which  were  ufelefs  to  the  infe£t  while  it  lived  under 
the  form  of  a caterpillar,  and  which  the  new  ftate 
whereunto  it  is  called  renders  neceflary  for  it.  The 
better  to  enfure  the  fuccefs  of  her  different  operations, 
fte  caufes  the  infeft  to  fall  into  a deep  Heep,  during 
which  (he  carries  on  her  work  at  leifure  and  by  infenu- 
ble  degrees. 

The  little  wounds  which  the  rupture  of  feveral 
veffels  has  occafioned  in  divers  parts  of  the  infide,  con- 
folidate  infenfibly.  Thofe  parts  which  had  been  put 
into  a violent  exercife,  or  whofe  forms  and  proportions 
had  been  modified  to  a certain  degree,  conform  them- 

felves 
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lelves  gradually  to  thefe  changes.  The  liquors  which 
are  obliged  to  pafs  through  new  channels,  take  that 
direction  by  little  and  little.  Laftly,  the  veffels  which 
were  proper  to  the  caterpillar,  fome  of  which  occupied 
a confiderable  place  within  it,  are  effaced  or  converted 
into  a liquid  fediment,  which  the  butterfly  rejects  after 
having  laid  afide  the  (heath  of  the  chryfalis. 

13.  When  we  confider  the  metamorphofes  of  in- 
lefts,  we  are  furprifed  at  the  Angularity  of  the  means 
which  the  Author  of  nature  has  thought  proper  to 
make  choice  of,  in  order  to  bring  the  different  fpecies 
of  animals  to  perfeftion. 

Wherefore  is  the  butterfly  not  bred  a butterfly  ? 
Why  does  it  pafs  through  the  ftate  of  a caterpillar, 
and  that  of  a chryfalis  ? Why  do  not  all  the  infects 
that  metamcrphofe  themfelves  undergo  the  fame 
changes  ? Whence  does  it  happen,  that  amongft  the 
fpecies  that  affurne  the  form  of  a nymph,  fome  fted 
the  fkin  of  a worm,  whilft  others  retain  it  ? How  does 
it  alfo  come  to  pafs  that  among  fuch  infefts  as  pafs 
through  the' ftate  of  the  worm-lkin  nymph,  fome  take 
that  form  in  the  very  belly  of  their  mother  ? 

Thefe  queftions,  like  all  thofe  which  may  be  ftarted 
concerning  effences,  derive  their  folution  from  the  ge- 
neral fyftem  which  is  unknown  to  us. 

Without  endeavouring  then  to  penetrate  into  the 
eaufe  of  the  metamorphofes,  let  us  obferve  attentively 
the  faft,  and  its  immediate  confequenees. 

•Let  us  confider  the  variety  which  thofe  metamor- 
phofes difperfe  throughout  nature.  A Angle  indivdual 
unites  within  itfelf  two  or  three  differeut  fpecies.  The 
fame  infeft  fucceffively  inhabits  two  or  three  worlds  : 
and  how  great  is  the  diverfity  of  its  operations  in 
thefe  various  abodes  ! 

Let  us  alfo  remark  to  what  degree  the  relations 
which  the  fly  or  butterfly  maintains  with  the  beings 
that  furround  them,  are  multiplied'  by  their  meta- 
morphofes. Let  us  Ax  our  attention  on  the  cone  of 
the  Alk-worm ; and  admire  what  a number  of  hands 
and  machines  this  little  ball  fets  to  work.  What  pro- 
digious riches  fhould  we  have  been  deprived  of,  had 
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the  butterfly  of  the  fllk-worm  been  originally  pro- 
duced in  that  form ! 

lnfefts  that  undergo  transformations,  have  not  yet 
afforded  us  any  fpecies  that  multiplies  by  flips  and 
ihoots.  This  will  not  furprife  us,  when  we  reflect 
on  the  great  competition  of  the  bodies  of  thefe  infedls. 
But  let  us  not  be  too  hafty  in  our  judgment,  nor  con- 
clude that  the  property  of  multiplying  by  flips  and 
fhoots  is  incompatible  with  metamorphofes.  Nature 
is  too  little  known  to  us,  to  give  us  a right  to  form 
fuch  conclufions.  Vine-fretters  and  polypufes  have 
furnifhed  us  with  good  prefervatives  againft  too  ge- 
neral conclufions. 

' ) _ V 
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CHAP.  X. 

Parallel  between  Plants  and  Animals. 

1.  TN  our  refearches  into  the  gradual  progreffion  of 
JL  beings  and  organical  ceeonomy,  vve  had  fre- 
quent occafion  to  compare  vegetables  and  animals 
with  each  other.  Let  us  here  collect  in  one  view  thofe 
various  marks  of  analogy  which  are  fcattered  hither 
and  thither:  let  us  reprefent  them  as  in  a picture, 
- wherein  by  a nearer  defcription  of  them,  they  will 
agreeably  attract  our  attention.  We  will  afterwards 
inquire  if  there  be  any  character  which  effentially  dif- 

tinguiihes  the  vegetable  from  the  animal. 

\ * - * 
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2.  A feed  is  an  organized  body,  which  under  vari- 
ous coverings,  thicker  or  thinner,  and  more  or  lefs  nu- 
merous, contains  within  it  a plant  in  miniature.  A 
whitilh  fubftance,  of  a fpongy  nature,  fills  the  capacity 
of  the  feed.  Small  veflels  which  proceed  from  the 
germ,  are  in  every  part  of  this  fubftance,  dividing  and 

fubdividing 
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fubdividing  it.  After  being  laid  in  the  earth,  mold- 
ened  and  warmed  to  a certain  degree,  the  feed  begins 
to  fhoot  up.  The  moifture,  which  has  penetrated  its 
outward  folds,  diflolves  the  fpungy  fubftance,  and 
mixes  with  it.  Of  this  mixture  is  formed  a kind  of 
milk,  which  being  carried  to  the  embryo  by  the  little 
veffels,  fumifhes  it  with  a nourifliment  adapted  to  its 
extreme  delicacy.  The  radicle  or  little  root  begins 
by  this  means  to  unfold  itfelf.  It  increafes  in  bulk  and 
extent  every  day.  In  a fhort  time  it  becomes  fenfible 
of  too  clofe  a confinement : it  makes  an  effort  to  come 
forth.  A fmall  orifice,  made  in  the  exterior  furface 
of  the  feed,  facilitates  its  egrefs.  The  root  infenfibly 
; finks  into  the  earth,  and  derives  from  thence  more 
•fubftantial  and  copious  nourifhment.  The  fmall  ftalk, 
which  till  this  time  lay  hid  under  the  coverings  of  the 
feed,  now  begins  to  fhew  itfelf.  The  teguments  unfold 
themfelves  in  order  to  admit  a free  paflage  for  it. 
Strengthened  by  an  acceffion  of  frefh  juices,  it  pierces 
through  the  earth,  and  advances  into  the  air. ' 

3.  An  egg  is  an  organized  body,  which  under 
divers  teguments,  of  various  ftrength  and  number, 
enclofes  an  animal  in  miniature.  A fluid  matter  of 
a glutinous  nature,  fills  the  infide  of  the  egg.  A 
number  of  infinitely  fmall  veflels  fpread  themfelves 
out  in  this  matter,  and  are  connected  with  the  germ 
by  different  branches.  Being  warmed  in  a fufficient 
degree,  either  by  nature,  or  art,  the  infide  of  the  egg 
begins  to  receive  life.  By  means  of  a gentle  heat,  the 
matter  furrounding  the  germ  infinuates  itfelf  into  the 
fmall  ramifications,  from  whence  it  pafles  into  the 
heart,  whofe  motion  it  augments.  Thus  the  animal 
becomes  a living  creature.  It  encreafes  in  fize  and 
ftrength  every  day,  by  receiving  frefli  fupplies  of  more 
nouriftiing  and  perfect  juices.  After  thefe  juices  are 
exhaufted,  the  animal  has  acquired  all  the  growth  it 
was  capable  of  in  the  egg.  It  finds  the  apartment 
afligned  it  to  be  too  narrow.  It  endeavours  to  fet 
itfelf  at  liberty.  Nature  has  provided  it  with  an  eafy 
method  of  affecting  this,  either  by  arming  it  with  in- 
ftruments  proper  for  piercing  or  tearing  the  coverings 
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•Which  enclofe  it,  or  by  giving  to  the  egg  fuch  a ftrue- 
ture  as  favours  its  efforts.  The  animal  is  produced, 
and  enjoys  a new  life. 

4.  The  feed  then  is  to  the  plant  what  the  egg  is  to 
the  animal.  But  the  plant  is  not  only  oviparous  but 
likewife  viviparous ; and  the  foetus  is  the  fame  with 
refpecl  to  the  animal,  as  the  bud  is  to  the  vegetable. 

Being  concealed  under  the  rind,  the  bud  there  re- 
ceives its  firft  growth.  It  is  minutely  enclofed  in 
membraneous  teguments,  analogous  to  thofe  of  the 
feed.  It  adheres  to  the  bark  by  fmall  fibres,  which 
tranfmit  a nourifhment  to  it,  adapted  to  its  ftate. 
When  it  has  arrived  to  a certain  bulk,  it  penetrates 
the  rind  in  order  to  come  forth.  At  its  firft  appear- 
ance, it  bears  the  infolding  coverings  along  with  it, 
from  which  it  is  foon  releafed.  However,  being  as 
yet  too  feeble  to  fubfift  without  the  aliment  provided 
by  the  mother,  it  continues  to  cleave  to  her  ; and  can- 
not for  a long  time  be  feparated,  without  endanger- 
ing it. 

‘ V.  x t * > V 

Being  lodged  in  the  matrix,  the  foetus  there  receives 
its  firft  growth.  It  is  there  contained  at  firft  in  minia- 
ture, in  the  membraneous  enclofures  refembling  thofe 
©f  the  egg.  It  (hoots  forth  fmall  veffels  in  the  matrix, 
which  convey  thither  the  nourifhment  necelfary  to  pro- 
mote its  growth.  When  it  has  arrived  to  a certain 
fize,  it  burfts  thefe  enclofures,  and  comes  into  the 
world.  , Sometimes  thefe  enclofures  accompany  it  at 
its  iffuing  forth.  After  it  is  produced,-  the  little  ani- 
mal is  not  always  able  to  provide  for  itfelf  without 
the  affiftance  of  the  dam.  She  muft  ftill  furnifh  it 
with  fuftenance,  which  it  cannot  difpenfe  with  the 
want  of,  for  a certain  time  without  danger. 

* 

5.  The  plant  is  nourifhed  by  the  incorporation  of 
fubftances  received  from  without : thefe  matters  are 
very  heterogeneous.  Being  pumped  by  the  pores  of 
the  roots,  or  by  thofe  of  the  leaves,  they  are  conveyed 
into  the  utriculi,  where  they  ferment  and  digeft.  They 
pafs  into  the  ligneous  fibres,  which  tranfmit  them  tP 
the  proper  vafes,  where  they  appear  under  the  form  of 
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a juice,  which  is  more  or  lefs  coloured.  The  ramifU 
cation's  of  the  proper  vafes  afterwards  didribute  them 
into  all  the  parts,  to  which  they  are  united  by  new 
filtrations. 

Tubes  made  of  a filvered  blade,  which  are  eladic, 
and  turned  fpirally  like  a fpring,  accompany  the  veffels 
which  contain  the  fap  in  their  courfe.  Being  appoint- 
ed for  the  purpofe  of  refpiration,  thefe  tubes  introduce 
a frefti  eladic  air  into  the  plant,  which  prepares  and 
fubtilizes  the  fap,  and  probably  colours  it,  befides  con- 
tributing to  its  motion:  the  fuperfluous  matter,  or  that 
part  which  is  not  fo  proper  to  be  mixed  with  the  plant, 
is  conveyed  to  the  furface  of  the  leaves,  whence  it  eva- 
porates by  an  infenfible  but  very  copious  tranfpiration. 
Globules,  veficles,  or  other  excretory  organs,  which 
are  didributed  among  the  young  fhoots  or  leaves,  pro- 
cure an  evacuation  of  the  groffer  matter,  and  fuch  as 
is  of  a ftronger  confidence. 

The  animal  is  noUriflied  by  the  incorporation  of  mat- 
ter which  proceeds  from  without.  This  matter  is  Very 
heterogeneous.  Being  received  by  the  mouth,  it  is 
conveyed  into  the  domach  and  intedines,  where  it  un- 
dergoes different  preparations : it  paffes  into  the  lafteal, 
veins,  and  their  dependencies,  or  in  other  like  veffels, 
whereby  it  is  tranfmitted  into  the  blood-veffels,  where 
it  appears  under  the  form  of  a fluid  more  or  lefs  co- 
loured, or -flowing.  The  ramifications  of  the  blood- 
veffels  afterwards  difperfe  it  into  all  parts,  with  which 
it  incorporates  itfelfby  new  preparations. 

Pipes  compofed  of  cartilaginous  rings,  or  of  a filver- 
-ed  and  eladic  blade,  turned  fpiral-wife,  communicate 
with  the  blood-veffels,  or  follow  them  in  their  courfe. 
As  they  are  appropriated  to  refpiration,  they  introduce 
into  the  animal  a frefli  and  eladic  air,  which  prepares, 
attenuates,  and  probably  colours  the  blood,  contri- 
buting likewife  to  its  motion.  The  fuperfluous  matter, 
or  fuch  part  of  it^pTs  is  improper  to  be  united  with  the 
animal,  is  carried  to  the  furface  of  the  ikin,  from 
whence  it  evaporates  by  an  infenfible,  but  very  copious 
k tranfpiration.  Glands,  or  other  emun&ory  organs, 
'placed  in  different  parts  of  the  body,  procure  the  eva- 
luation of  the  groffer  matter. 

6.  The 
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6*  The  plant  grows  by  unfolding*  6r  the  gradual 
. extenfion  of  its  parts  in  length  and  width.  This  ex* 
txmfion  is  followed  by  a certain  degree  of  hardnefs 
contracted  by  the  fibres.  It  diminimes  as  the  hard- 
nefs increafes.  It  entirely  ceafes  when  the  fibres  are 
fo  far  hardened  as  not  to  yield  to  the  force  which  tends 
to  enlarge  their  furface. 

The  plants  which  become  hardened  the  lateft,  are 
thofe  which  are  the  longeft  time  in  growing.  Herbs 
* grow  and  harden  fafter  than  trees.  Some  of  them 
ceafe  to  grow  at  the  end  of  a few  weeks,  or  even  a few 
days.  Among  the  laft,  fome  continue  to  grow  for  a 
great  number  of  years,  and  even  for  ages. 

We  obferve  analogous  difference  between  indivi- 
duals of  the  fame  fpecies.  Some  harden  fooner,  grow 
" in  a lefs  degree,  or  continue  fmaller ; others  harden 
later,  and  become  larger. 

The  bud  has  nothing  ligneous  or  woody  in  it.-— 
Being  herbaceous  in  every  part  of  its  fubftance,  it 
becomes  ligneous  by  degrees.  Its  ftalk  is  formed  of  a 
prodigious  number  of  concentric  blades  one  in  another, 
which  are  difpofed  according  to  its  length,  and  com- 
pofe  different  bundles  of  fibres,  which  are  themfelves 
formed  of  a prodigious  number  of  lefler  fibres. 

At  the  centre  of  the  ftalk  is  placed  the  pith  ; and 
the  fpaces  which  are  left  between  the  blades,  are  like- 
wife  filled  with  a pithy  fubftance. 

. From  the  thicknefs  of  the  blades  refults  its  growth 
in  width ; from  the  lengthening  of  the  blades  its 
growth  in  length  proceeds.  All  the  blades  grow  and 
harden  one  after  another.  Every  blade  grows  and 
iardens  alike  fuccefiively  throughout  its  whole  length. 
That  part  of  every  blade  which  grows  and  hardens 
firft  of  all,  is  that  which  compofes  the  bafe  of  the  ftalk. 
The  blade  which  grows  and  hardens  firft,  is  the  inner- 
moft,  or  that  which  immediately  encompafies  the  pith. 
This  bhide  is  again  covered  with  another,  which  being 
more  ductile  extends  itfelf  the  more.  A third  blade 
enclofe-this  laft,  which  as  it  hardens  ftill  later,  is  a 
longer  time  in  its  growth.  The  cafe  is  the  fame  with 
regard  to  a fourth,  fifth,  or  fixth.  All  thefe  thus  di- 
minifhing  in  thicknefs,  and  inclining  towards  the  axis 


; ( 19  ) - o 

®f  the  ftalk  as  they  approach  its  upper  extremity,  form 
fo  many  little  cones  ingrafted  into  each  other,  from 
whence  proceeds  the  conic  figure  of  die  ftalk  and 
branches.  - 

From  the  aflemblage  of  little  cones  which  become 
hardened  during  the  firft  year,  is  formed  a cone  of  a 
woody  nature,  which  determines  the  growth  of  that 
year.  This  cone  is  enclofed  in  another  herbaceous 
cone,  which  is  only  the  rind,  and  which  the  following 
year  will  produce  a fecond  ligneous  cone,  &c.  When 
the  wood  is  once  formed,  it  does  not  extend  itfelf  any 
farther.  So  that  in  cicatrices,  grafts,  and  different 
. kinds  of  tumours,  the  rind  is  the  only  part  that  is  em- 
ployed. By  ftretching,  thickening,  or  fwelling  itfelf, 
the  rind  infenfibly  forms  a roll,  and  produces  excref- 
cences  which  are  more  or  lefs  confiderable,  in  propor- 
tion to  the  eafe  with  which  it  is  diftended,  or  accord- 
ing to  the  quantity  of  juices  it  receives. 

' ■ f.  The  animal  grows  by  expanfion,  or  hy  the  gra- 
dual extenfion  of  its  parts  in  every  fenfe.  To  this  ex- 
tenfion  there  fucceeds  a hardnefs  in  the  fibres.  The 
extenfion  diminilhes  as  the  hardnefs  increafes.  It 
ceafes  when  the  hardnefs  has  arrived  to  fuch  a pitch, 
- as  not  to  admit  of  the.  fibres  giving  way  to  the  force 
which  contributes  to  enlarge  their  coats. 

Thofe  animals,  in  which  this  hardnefs  is  formed 
lateft,  are  longeft  in  their  growth.  Infers  grow  and 
harden  in  a much  lefs  time  than  great  animals.  Some 
of  them  ceafe  growing  at  the  end  of  fome  weeks,  and 
fometimes  in  a few  days.  Of  the  latter  fome  con- 
tinue growing  for  a great  number  of  years,  and  even 
fome  ages. 

One  may  obferve  analogous  differences  in  the 
growth  of  individuals  of  the  fame  fpecies : fome  of 
which  that  harden  later  than  others,  acquire  a greater 
bulk.  ^ 

The  foetus,  in  its  original  ftate,  contains  nothing 
of  a bony  nature.  As  it  is  membraneous  throughout; 
it  only  becomes  bony  by  degrees.  The  bones  are  com- 
pofed  of  a prodigious  number  of  blades,  folded  in  each 
J other : lying,  according  to  the  length  of  the  bone,  and 

forming 
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forming  various  collections  of  fibres,  which  are  them- 
felves  compofed  of  the  re-union  of  a great  number  of 
little  fibres.  1 

In  the  centre  of  the  bone  is  placed  the  marrow.  The 
fpaces  left  between  the  blades  are  filled  With  a me-f 
duiiary  fubftance.  * / 

From  the  thickening  of  the  blades  the  growth  of 
the  bone  proceeds.  From  the  lengthening  of  them, 
their  extending  in  length.  All  thefe  blades  grow  an$ 
harden  after  one  another.  Each  blade  grows  and  be* 
comes  hard  in  a like  fucceffive  manner  throughout  its 
whole  length.  That  part  of  the  , blade  which  grows 
and  hardens  firft,  compofes  the  body  of  the  bone, 
which  immediately  enclofes  the  marrow.  This  blade 
is  again  covered  with  a fecond,  which  being  more  duc- 
tile ftretches  itfelf  in  a greater  degree.  A third 
blade  again  infolds  this,  which  as  it  hardens  later  than 
the  others,  is  a longer  time  in  its  growth.  It  is  the 
fame  with  refpeft  to  a fourth,  fifth,  or  fixth.  As  they 
all  thus  dimmifh  in  thicknefs^  and  detach  tlfemfelves 
from  the  axis  of  the  bone,  the  nearer  they  approach  to 
its  extremities,  they  form  fo  many  little  columns,  in^ 
folded  within  each  other,  which  increafe  in  diameter  at 
their  extremities.  From  hence  we  deduce  the  figure' 
peculiar  to  long  bones; 

The  growth  of  the  bone  dttrmg  the  firft  year',  is  at-- 
tributed  to  the  number  of  blades  which' become  hard- 
ened in  that  year.  This  bone  is  covered  over  again 
with  a great  number  of  membraneous  blades,*  that 
bear  the  name  of  periofteunfr,  which  as  they  gradually 
extend  and  harden,  conduce  to  the  increafe  of  thef 
bone  in  every  part  of  it.  The  bone  when  it  is  once 
formed,  extends  itfelf  no  farther. 

Thus  in  fraftures,  anchylofesr  and  the  different 
fpecies  of  excrefcences,  whether  natural  or  accidental, 
the  periofteum  is  the  only  part  of  the  bone  that  labours. 
By  ftretching,  thickening,  and  fwelling  itfelf,  the  pe- 
riofteum reftores  the  bone  infenfibly,  produces  a cal- 
lofity,  ana  forms  greater  or  lefs  tumours,  in  propor- 
tion to  the  facility  wherewith  it  extends  itfelf,  or  "as  it 
is  more  or  lefs  fupplied  with  juices,  or  with  fucb  as 
aremore  or  lefs  vifeous. 

8.  The 
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, A.  The  duft  or  fine  .powder  of  the  ftamina,  is  the 
principle  which  fertilizes  the  feed.  The  piftil  is  the- 
place  wfiere  this  fecundation  is  performed. 

Being  contained  in  certain  veficles,  the; fecundating 
duft  is  difcovered  in  them  by  a microfcope,  under  the 
appearance  of  a.  groupe  of  minute, .regular  bqdies,  for 
the  moft  part  of  aipherical  or  elliptic  form,1 jwhich  being 
moiftened,  open  themfelves,  and  emit  a thin  vapour, 
in  which  there  floats  a great  number  of  exceeding  {mail 
, feeds,  which  feem  to  move  on  all  fides.  The  duft 
itfelf,  when  put  into  a drop  of  water,  moves  feyeral 
ways  with  great  rapidity.. 

The  piftil  Ja  compofed  of  three  principal  parts ; the 
bafer  the  cups,  and  the  top.  ; The  bafe  contains  one  or 
more,  cavities,  where  the  grain  is  lodged-  The  cups 
are  long  tunnels,  whofe  bafe  or  aperture  is  turned  to- 
wards the  top.  This  is  generally  furniftied  with  feve- 
ral  nipples,  each  of  which  is  perforated,  having  their 
diameter  correfponding  with  that  of  a fmall  'grain  of 
the  duft. 

Being  in  the  lower  part  of  the  cup,  the  minute  grains 
are  prefiedvin  them  more  and  more  by  the  ftraitnefs  of 
thefe  .pipes.  They  are  therein  moiftened  with  a juice 
that  lines  their  fides.  They  open  themfelves  and  eje<ft 
the  feminai  vapour,  which  penetrates  to  the  feed,  and 
promotes  fecundation. 

• '’i  , » 

Several  fpecies  .of  plants  have  two  forts  of  indivi- 
duals, viz.  J.  Such  individuals  as  only  bear  ftamina, 
and  thefe  are  males ; and  two  individuals  that  have 
only  the  piftil,  which  are  females.  v 

In  a great  number  of  fpecies,  every  individual  i?  an 
hermaphrodite,  which  unites  both  fexes,  the  ftamina!and 

the  piftil.  Sometimes  this  union  happens  in  the  fame 

flower  ; then  the  ftamipa  furround  the  piftil.  At  other 
times  it  is  only  effected  on  the  fame  branch  j fo  that 
the  ftamina  are  plaeed  on  one  part,  and  the  piftil  on 
another, 

9.'The  .feminai  liquor  is  the  principle  of  fecunda- 
tion in  the  egg.  The  matrix  or  ovaries  are  the  places 
where  it  is  performed. 
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Being  enlofed  m the  feminal  veffels,  the  fecundating 
liquor  appears  in  them,  through  a microfcope,  like  a 
mafs  of  fmall  regular  bodies,  of  different  lengths, 
which  feera  to  fcparate  themfelves  into  a great  num- 
ber of  extremely  minute  grains,  moving  different  ways. 
Sometimes  thefe  corpufcles  refemble  cafes  with  fprings, 
which  when  moiftened,  open  themfelves,  and  dart 
forth  a limpid  matter  abounding  with  a great  number 
of  very  fmall  grains. 

The  matrix  confifts  of  three  principal  parts,  or  de-  L 

pendencies ; the  fundus  or  bottom,  the  fallopian  tubes 
and  the  ovaries.  The  fundus  contains  one  or  more 
cavities,  in  which  the  embryos  receive  nourifhment 
and  expand  themfelves  : it  has  an  orifice  in  the  fore-  . 
part.  The  fallopian  tubes  are  a kind  of  long  funnels, 
whole  aperture  is  directed  towards  the  ovaries,  where 
it  ends.  The  ovaries  are  a mafs  of  veficles  that  are 
real  eggs, 

^ c* n 

When  the  moft  fubtle  pant  of  the  feminal  liquor  has 
arrived  through  the  fallopian  tubes  to  the  ovaries,  it 
there  fecundates  one  or  more  eggs.N  Thefe  afterwards  • 
defcend  by  thefe  tubes  into  the  matrix,  where  they  are 
fixed  and  unfold  themfelves.  In  oviparous  females 
the  eggs  are  contained  in  a kind  of  bowel,  wherein 
they  receive  their  growth  i the  feminal  liquor  makes 
them  fruitful.  ' 

Moft  animals  confift  of  two  forts  of  individuals ; 
male  and  female.  But  there  are  other  fpecies,  of 
which  every  individual  is  an  hermaphrodite,  which 
unites  the  two,  although  it  cannot  fecundate  itfelf.  in 
fome  fpecies,  where  a diftintfion  of  fexes  is  obferved, 
there  is  no  coupling,  properly  fo  called ; the  male  only 
communicates  his  liquor  to  the  eggs  which  the  female 
has  depofited.  Finally,  fome  fpecies  are  propagated 
without  any  apparent  or  external  fecundation. 

10.  A plant  does  not  only  multiply  by  feeds,  and 
buds  ; it  is  likewife  propagated  by  fuckers  and  fprigs. 

It  may  alfo  be  multiplied  by  flips  and  ingraftings. 

^ . A tree  fends  forth  fmall  buds  from  various  parts  of 
its  furface,  Thefe  buds  increafe  in  bulk  ; they  open 
and  difclofe  the  fhoot,  which  extends  itfelf  every  day. 

While 
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While  it  is  expanding  itfelf,  ether  Hill  fmaller  fprigs 

fhoot  from  it.  Thefe  in  their  turn  are  fucceeded  by 
letter  ones  ; all  of  which  are  fo  many  trees  in  minia- 
ture; and  the  nourifhent  received  by  one  of  thefe 
fprigs  is  communicated  to  the  whole  plant.  , 

When  it  has  attained  to  a certain  fize,  and  is  fepa- 
rated  from  the  trunk  either  by  nature  or  otherwife, 
thefe  fhootsfuftain  themfelves,  and  become  fo  many 
dittinft  trees.  Being  cut  into  pieces  according  to  their 
' width,  or  even  their  length,  thefe  fhoots  will  grow 
again  of  themfelves,  and  will  become  as  many  trees  as 
they  were  made  flips  of.  The  leaves  themfelves  whet* 
feparated  from  their  fhoots,  may  afford  fo  many  com- 
plete plants.  Being  fattened  cliofely  to  each  other,  or 
inferted  in  one  another,  feveral  of  thefe  fhoots,  whether 
taken  from  the  fame  or  from  different  individuals, 
will  unite  together  in  fo  intimate  a manner,  that  they 
will  receive  reciprocal  nourifhment,  and  form  one  in- 
dividual whole. 

The  animal  is  not  only  propagated  by  eggs  and 
living  young,  but  likewife  by  fhoots.  It  may  alfo  be 
multiplied  by  flips  and  ingraftings.  A polypus  fends 
forth  little  buds  from  different  parts  of  his  body.— 
Thefe  buds  grow  big  and  lengthen  infenfibly.  Every 
one  of  them  is  a young  fhoot.  While  it  is  unfolding 
itfelf,  there  fpringsfrom  it  other  fmaller  fhoots.  Thefe 
in  their  turn  produce  fmaller  ftill.  All  thefe  fhoots 
are  fo  many  little  polypufes,  and  the  nourifhment  one 
of  thefe  polypufes  receives,  is  communicated  to  their 
whole  number.  When  they  have  arrived  to  a certain 
fize,  they  feparate.  themfelves  from  the  trunk,  and  be- 
come fo  many  individuals. 

Being  cut  into  little  bits,  either  tranfverfely  or 
length-wife,  the  polypufes  grow  up  again  from  the 
ruins,  and  become  as  many  complete  ones  as  they 
were  pieces.  .They  very  fkin,  or  even  the  leaft  frag- 
ment of  them,  is  capable  of  affording' one  or  feveral 
polypufes. 

11.  The  generation  of  vegetables  is  not  conftantly 
regular.  The  laws  by  which  they  operate  are  fome- 
tijnes  infringed.  From  them  arife  various  fpeciesof 

monfters. 
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monfters.  Sometimes  they  are  compounded  leaves,  - 
whofe  fmaller  ones  are  mpre  or  lefs  numerous,  or  more 
irregularly  Ihaped,  or  diftributed  with  lefs  fymmetry 
than  ufual.  Sometimes  there  are  flowers  which  have 
neither  {lamina  nor  piftils,  and  whole  petals  being 
greatly  multiplied,  feem  to  have  abforbed  thefe  eflen- 
tial  parts.  Sometimes  two  fruits  cleave  together  by  a 
natural  graft,  or  are  enclofed  ip  each  other.  Some-  ‘ 
times  there  are  flowers  or  fruits  whofe  form  differs 
widely  from  that  which  is  peculiar  to  the  fpecies.—- 
Laftly,  There  are  productions  which  do  not  properly 
belong  to  any  particular  fpecies,  becaufe  they  derive 
their  original  from  feeds  that  have  been  fecundated  by 
duft  of  a different  fpecies,  4 

The  generation  of  animals  is  not  eonftantly  regu«  / 
lar : the  laws  by  which  it  is  governed  are  fometimes 
difturbed ; whence  are  produced  the  different  fpecies 
of  monfters.  Sometimes  there  arc  hands  and  feet, 
whofe  fingers  or  toes  are  fewer  or  more  in  number,  or 
formed  in  an  irregular  manner,  or  otberwife  difpofed 
than  ufiial.  Sometimes  there  are  fcetufes,  in  which 
the  parts  of  generation  are  obliterated-  Sometimes 
there  are  two  eggs  or  two  fcetufes  that  cleave  to  each 
other  by  a natural  cohefion,  or  that  are  contained  in 
one  another.  Sometimes  there  are  eggs  or  fcetufes 
whofe  form  is  greately  different  from  that  which  is 
-peculiar  to  the  fpecies.  Laftly,  there  are  productions 
that  partake  of  two  fpecies,  becaufe  they  are  produced 
from  fuch  females  as  are  fecundated  by  males  of  dif* 

' ferent  fpecies.  . w 

...  * - / I. 

12.  The  laws  refpefling  the  nutrition  and  growth  of  ) 

vegetables  are  liable  to  greater  disorders,  than  thoie  - 
of  generation.  From  hence  are  derived  the  different 
kinds  of  maladies  the  plant  is  fubjeCt  to.  Some  of 
thefe  maladies  only  attack  the  leaves,  and  produce  on  _ 

them  fpbts  of  different  colours,  wrinkles,  puftules, 
fcabs.  Others  attack  the  principal  vifcera,  and  oc- 
cafion  choakings,  obftruClions,  ftagnations,  tumours, 
cancers,  effufion.  Others  take  their  feat  in  the  flower 
or  fruit.  Others  affeft  the  ligneous  bodies,  which  they 
caufe  to  fhoulder  away,  whilft  the  barks  remain  whole. 

Others 
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Others  come  from  little  plants  or  divers  inlefts,  which  * 
being  i on  the  outfide  or  infide  of  vegetables,  con- 
vert their  nourifliment  to  their  own  advantage,  or  - 
"change  the  organization  of  it.  Others  derive  theiar  ' 
origin  from  a change  of  climate,  aliment,  or  culture. 

The  laws  of  the  nutrition  and  the  growth  of  ani- 
mals are  more  frequently  difturbed  than  thofe  of  gene- 
ration. From  hence  proceed  the  various  fpecies  of 
diforders  to  which  an  animal  is  expofed.  Among 
thefe  maladies,  there  are  fome  which  attack  only  the 
ikin,  and  produce  fpots  of  various  colours,  wrinkles, 
puflules,  pimples.  Others  attack  the  principal  bowels, 
and  occafion  oppreffions,  obftruftions,  ftagnations,  tu- 
mours, abfceffes,  overflowings.  Others  are  feated  in 
the  organs  of  generation.  Others  feize  the  bones,  and 
beget  rottennefs  in  them,  wbilft  the  periofteum  conti- 
nues found.  Others  have  their  fource  from  different 
infefts,  which  being  lodged  either  without  or  within 
the  animals,  divert  the  nourifliment  of  them  to  their 
own  benefit,  or  alter  the  conftitution  of  them.  Others  * 
are  caufed  by  the  change  -of  climate,  nourishment,  or 
breeding. 

13.  Finally,  the  plant  after  having  efcaped  a va- 
riety of  maladies  which  threatened  its  life,  cannot 
elude  the  effefts  of  old  age,  that  creeps  into  it,  nor  the 
ftroke  of  death,  the  inevitable  confequence  of  it.  Be-  r 
mg  hardened  by  time,  the  veffels  lofe  their  exercife,  and  . 
are  fluffed  up.  The  liquors  contained  in  them  no 
longer  move  with  the  fame  facility,  nor  continue  to  be 
filtrated  and  pumped  out  with  the  fame  precifion.— . 
They  ftagnate  and  corrupt  5 and  this  corruption  being 
foon  communicated  to  the  veffels  that  enclefe  them, 
the  vital  functions  ceafe,  the  plant  dies  and  crumbles 
into  duft. 

daftly,  the  animal,  after  having  been  prelerved  front 
' thofe  difeafes  which  confpired  againft  him,  cannot e£ 
cape  old  age,  nor  death  that  follows  in  his  train. 

When  the  veffels  are  grown  hard  through  time  they , 
lofe  their  aftion,  and  are  flopped  up.  The  liquors  do 
Vot.  IV.  . B 
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«at  circulate  ip  them  with  the  fame  degree  of  quick*  - 
uefc,  and  they  are  filtered  and  pumped  up  but  in  a 
very  imperfect  manper.  They  ftand  ftill  and  are  al- 
tered, and  this  alteration  foon  communicating  itfelf  to 
the  veflelg  that  contain  them,  circulation  ceafes,  the 
animal  dies,  and  is  reduced  to  duff, 

. • ■ 

X4s  We  have  carried  the  parallel  between  plants  and  ■ 
animals  from  their  birth  to  their  death.  The  parts  of 
■which  they  confiit  very  evidently  eftablilh  the  great 
analogy  there  is  betwixt  thefe  two  duties  of  organized,  t 

bodies.  . ' 

. But  there  are  other  fources  of  comparifons  we  have  * 
either  avoided  to  dwell  upon,  that  we  might  not  render 
our  defcription  confufed,  or  have  only  flightly  touched  - 
upon  ; under  certain  points  of  view.  Such  are  thofe  ; 
prefented  to  us.  by  place,  number,  fecundity,  form, 
ftru&ure,  circulation  of  liquors,  loco-motive,  faculty,  , 
feeling,  and  nutrition. 

We  will  take  a tranfient  furvey  of  thefe  fources,  and  - 
without  endeavouring  to  exhaufl.  them,  content  our*  • 
felves  with  barely  pointing  out  their  moft  remarkable  . 
jmd  chara&eriftical  contents. 

Vegetables  and  animals  refide  in  the  fame  dwelling* 
place.  Being  appointed  to  people  and  adorn  our  globe, - 
they  are  difperfed  over  its ; whole  futface,  and  are  . 
placed  near  each  other,  in  order  to  enable,  them  t© 
afford  a reciprocal  affiftance.  Like  two  great  trees  • 
growing  in  the  fame  foil,  the  animal  and  vegetable 
kingdoms  entwine  their  branches  together  and  extend 
their  boughs  and  roots  to  the  extremity  of  the  world.  ; 

The  outfide  and  infide  of  the  earth,,  mountains  and 
rallies,  barrem  and  fertile  places,  countries  undifcover* 
ed  and  hid  in  dark  obfcurity,  the  regions,  of  the  north 
and  fouth,  rivulets,  rivers,  ponds,  lakes  and  leas,  cave 
their  vegetables  and  animals. 

. i < 'i  ■ ■ - 5 *'  ' ' • 

Many  fpecies  of  plants,  and  animals  feem  to  thrive  • 
alike  in  different  climates.  Other  fpecies  are  amphibi*. 
•us,  and  live  as  well  out  of  the  water  as  in  it.  The 
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balrafli  and  frog  fiourifli  in  meadows,  ani  at  the  bot- 
tom of  pondsf!  Others  are  parafites,  and  are  nouriflt-* 
ed  by  the  juices  they  extra#  from  different  fpecies* 
Such  are  the  miifeltoe  and  the  loufe. 

Laftly,  Some  parafite  fpecies  fupply  their  neceffities,; 
in  their  turn,  froni  other  parafites.  The  miffeltoe  has 
his  liverworts,  and  certain  lice  have  their  lice. 

- 

0*  ^ w*  - % 

15.  There  are  upwards  of  twenty  thoufand  fpeciesr 
of  plants  known  to*  us,  and  new  difcoveries  of  them, 
are  made  every  day.  A microfcopical  botany  has  ex- 
tended  the  dominions  of  the  ancient.  Moffes,  mulh- 
rooms,  liverworts,  whofe  families  are  innumerable,  now 
take  place  amongfl  vegetables,  -and  prefent  the  curi- 
ous with  flowers  and  feeds  which  before  they  were  un- 
acquainted with.  The  microfcope  difcovers  plants  to* 
our  view,  where  we  never  fufpeded  them.  Free-ftone 
is  often  covered  with  fpots  of  different  colours,  com- 
monly brown  or  blackifli.  Glafs,  notwithftanding  its 
fine  £olifh,  is  not  exempt  from  fuch  fpots.  We  ob- 
obferve  hoarinefs  on  almoft  all  bodies*  . Thefe  fpots 
and  this  hoarinefs  are  found  to  be  gardens,  meadows^ 
and  forefts  in  miniature,  whofe  plants  that  are  infinite- 
ly fmall,  afford  us  neverthelefs  fome  profped  of  their 
flowers  and  feeds.  , 

But  although  vegetables  are  very  numerous  in  their 
fpecies,  yet  they  are  much  lefs  fo  than  animals.  Every 
fpecies  of  plant  has  not  only  its  particular  fpecies  of 
animals,  but  there  are  many  fpecies  of  plants  which' 
nourith  feveral  fpecies  of  animals.  The  oat  alone  finds 
nourifliment  for  above  200  fpecies  of  them.  Some  at- 
tack-the  roots  of  this  tree*  which  they  dig  into,  and 
produce  therein  various  tuberofities.  Others  fix  them- 
felves  in  the  trunk,  where  they  make  crooked  furrows. 
Some  infinuate  themfelves  into  i the  bark  and  wood  ; 
whilft  others  penetrate  the  interior  parts;  whence  they 
extra#  the  juice.  Some  feed  only  on  the  leaves. 
Others  fold  or  roll  them  up:  with  a great  deal  of  art. 
Some  form  them  into  nuts.  Others  find  both  lodging 
and  nourifliment  in  the  fruit.  Nay,  gather  but  a flower 
by  chance  either  a daify,  poppy,  or  role,  and  you  will 
obferve  on  it  a multitude  of  infers, 
u B2  Ii 
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In  fiiort,  where  can  we  turn  our  eyp  s without  be-^ 
llrolding  animals?  Nature  has  ftrewed  them  every 
where  with  a bountiful  hand.  They  were  her  moft  • 
excellent  productions  ; (he  has  been  liberal  of  them. 
She  has  enclofed  animals  within  animals  ; (he  has  or- 
dained one  animal  to  be  a world  for  others,  which  ftvould 
find  therein  nouriftwnent  in  proportion  to  their  wants. 
The  air,  vegetable  and  animal  liquors,  corrupt  matter, 
dirt,  dung,  dry  wood,  {hells,  and  even  ftones,  are  all 
animated,  all  fwarm  with  inhabitants.  What  do  I 
fiy  ? The  fea  itfelf  fometimes  appears  to  be  one  entire 
collection  of  animals.  The  light,  which  gZitteringly 
reflects  on  it  in  the  night-time  during  hot  weather,  is 
produced  by  an  infinite  number  of  very  minute  glow- 
worms of  a yellowifti  brown  colour,  and  foft  fubftance, 
-not  unlike  caterpillars,  every  part  of  which,  after  be- 
ing divided,  and  even  putrified,  fhines  with  the  fame 
brightnefs  as  when  the  worm  was  whole  and  living. 
A fpecies  of  fea-flies  are  alfo  luminous,  and  communi- 
cate their  luftre  to  the  waters.  There  iffues  from 
within  them  a globular  matter,  which  is  Jikewife  phot 

. * f ; 1 

Herbs  are  more  numerous  in  their  fpecies  and  indi- 
viduals than  fhrubs  and  trees.  InfeCts  are  more  nu- 
merous, in  refpeCl  to  their  fpecies  and  individuals,  than 
> birds  and  quadrupeds.  There  are  more  ranunculufes 
than  rofe-bulhes,  and  more  blades  lof  grafs  than  oaks. 
There  are  more  butterflies  than  fowls,  and  more  vine* 
fretters  than  dogs.i 

»•  A • 4 | - * y * 

16.  The  magnificence  of  the  creation  {bines  in  no 
part  of  it  with  greater  luftre,  than  in  the  prodigious 
fecundity  of  a great  number  of  plants  and  animals.— 
(One  Angle  individual  may  give  birth  to  thoufands,  or 
even  millions  of  individuals  like  itfelf.  Being  formed 
agreeable  to  thofe  proportions  which  are  only  known 
to  that  Adorable  Wifdom  that  has  eftablifhed  them, 
this  great  people  was  at  firft  enclofed  within  the  nar- 
row compafs  of  a rind  or  ovary.  In  this  dark  abode 
they  receive  their  firft  life,  begin  to  grow,  and  are  di;U 
pofed  to  appear  on  the  vaft  theatre  ©f  die  vifible  world^ 
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If  we  conlider  things  in  a general  view,  vegetahW 
Will  be  found  to  be  more  fruitful  than  aninfals.  We* 
fhall  be  farther  convinced  of  this,  by  comparing  trees 
With  quadrupeds* 

Trees  produce  annually,  fometimes  for  many  ages, 
and  their  productions  are  always  very  numerous.-**" 
large  quadrupeds,  as  the  elephant,  the  mare,  the 
hind,  the  cow,  &c.  have  feldom  more  than  one  at  a 
time,  rarely  two,  and  the  number  they  breed  is  always 
very  moderate.  Lefler  quadrupeds,  fuch  as  the  dog, 
the  hare,  the  cat,  the  rat,  increafe  in  a much  greater 
degree;  but  their  fecundity  is  but  ineonfiderable,  when 
compared  to  that  of  the  ligneous  plants.  The  elm 
produces  yearly  upwards  of  three  hundred  thoufand 
feeds  ; and  this  allonilhing  multiplication  may  continue 
. above  a.  century*  m 

jJP  ** 
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Fifties  and  infers  nearly  referable  vegetables  in  fe- 
cundity. A tench  lays  about  ten  thoufand  eggs : a 
carp,  twenty  thoufand : and  a cod  a million.  An  in- 
fed  which  produces  the  itch,  lays  four  or  five  thoufand 
- eggs ; a female  bee,  forty-five  or  fifty  thoufand. 

To  this  amazing  fecundity  is  oppofed  that  of  the 
wild  poppy,  mmftard,  fern.  And  we  mull  not  forget,’ 
that  moll  vegetables  are  propagated  different  ways  ; 
whereas  animals  are  for  the  moll  part  propagated  only 
by  one. 

A tree  may  be  ma’de  to  form  as  many  trees  al  it  has 
branches,  boughs,  and  even  leaves.  Plants  which  are 
.principally  defigned  to  fupply  the  necelfities  of  ani- 
mals, cannot  be  endued  with  too  great  a degree  of  fe* 
cundity.  * 

f - f • v .*  ' * r 

* -r  . v ^ 4.  . - 

17.  There  is  hardly  any  fight  more  intereflting,  thaa 
that  which  the  infinitely  varied  forms  of  plants  and 
animals  afford.  If  one  compares  the  lefs  perfect  fpecies 
with  the  more  perfect,  or  the  fpecies  of  the  fame  clafs 
with  each  other,  he  is  equally  llruck  with  the  diferfity  of 
anodels,  by  which  nature  has  performed  her  works  in 
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tfce  vegetable  and  animal  kingdoms.  He  pafles  with 
aftonifhment  from  the  fwinebread  to  the  fenfitive  plant* 
from  the  roufhroom  to  the  carnation,  from  the  night- 
fhade  to  the  oak,  from  the  ivy  to  the  fir-tree.  He  con- 
fiders  with  furprife  the  prodigious  multitude  of  mufli- 
rooms  and  liverworts,  and  can  never  enough  admire 
the  fecundity  of  nature  in  the  produfiion  of  thefe 
plants.  - 

As  he  goes  on  to  plants  that  are  more  elevated  in  the 
fcale,  he  ftops  with  pleafore  to  examine  thofe  plants 
that  have  ftalks,  from  the  grafs  which  grows  between 
the  (tones  -to  that  precious  plant,  whofe  ear  fumilhas 
*\is  with  the  moft  wholefome  food.  He  confidefs  the 
various  plants  that  creep,  from  the  tender  bind- weed  to 
%ae  vine  branch  which  crown  our  hills.  He  likewife 
takes  a furvey  of  thofe  trees  which, bear  fruit  with 
ftones,  from  the  wild  plumb-tree  to  the  peach,  whofe 
fruit  does  not  excite  our  admiration  more  by  the  foft- 
nefs  of  its  velvet  covering  and  beautiful  colour,  than 
by  the  abundance  and  exquiftte  tafte  of  the  liquor  it 
yields. 

If  from  the  vegetable,  he  tranfports  himfelf  into  the 
animal  ^kingdom,  the  profpeft  becomes  ftill  more  in- 
'terefting.  He  fees  oppofed  to  each  other  in  the  fame 
portrait,  the  polypus  and  fea-dog,  the  day-fly  and 
flying-fifli,  the  dancing  bird  and  eagle,  the  grafshoppet" 
and  Aying-Cquirrel,  the  ant  and  ftag,  the  cricket  and 
rhinoceros,  the  wood-loufe  and  crocodile,  the  fcorpipn 
and  tli#  ape. 

Another  picture  prefents  him  with  a view  of  the 
prodigious  number  of  butterflies  and  flies ; in  confider- 
Ing  which,  he  is  aftoniftied  at  Nature's  complaifance  in 
thus  diverfifying  thefe  little  animals,  fo  different  from 
the  great  ones  by  their  forms,  and  which  have  been 
treated  as  defe&ive  or  imperfefl  beings. 

Transferring  next  his  furvey  to  thofe  fpeeies  of 
animals  immediately  higher,  he  contemplates  fhell-fifli, 
from  that  whofe  precious  liquor  dyes  the  garments  of 
kings,  to  the&ilor  that  rows  with  fo  much,  grace  and 
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felt  on  the  uicon'ftant  wave.  He  oWerVes  the  different 
fpecies  of  fifli,  from  the  dangerous  cramp-fiflfto  the  , 
powerful  nerval,  and  from  the  pretty  golden-fifti  $>f 
China  to  the  dolphin,  that  cleaves  the  billow  with  the 
fwiftnefs  of  a dart. 

He  likewise  takes  a review  of  thofe  birds  that  live  urr 
fcetbs  or  feeds,  from  the  linnet,  that  delights  us  with 
his  melody,  to  the  peacock  that  pompoufly  difplays  in 
our  court-yards  the  gold  and  azure  with  which  he  is 
enriched.  He  alfo  obferves  the  birds  of  prey,  from 
the  fierce  merlin  to  the  eagle,  whofe  fttength  and  cou- 
rage-have raifed  him  to  the  fovereignty  over  the  birds. 
He  next  reviews  the  quadrupeds^  from  the  light  and 
timerous  hare  to  the  elephant,  whofe  enormous  corpu- 
lency attra<5ts  every  eye,  and  from  the  wily  fox  to  that 
noble  and  generous  quadruped  which  feems  formed 
.to  have  dominion  over  the  animal  creation. 


Plants,  though  prodigioufly  various  in  their  forms*- 
are  lefs  fo  than  animals.  There  are  fewer  gfada- 
tions  from  the  truffle  to  the  fenfitive  plant,  or  from  the 
night  {hade  to  the  oak,  than  there  are  from  the  dyfter 
to  the  oflrich,  or  from  the  fea-nettle  to  tire  oran-outahg. 
Plants,  being  eflentially  more  fimple  than  animals* ■ 
-have  not  given  birth  to  fo  many  combinations..: 

The  forms  of  animals  afford-  us  a Angularity 
which  is  extremely  remarkable,  and  fufficient  to  di£ 
tinguifti  them  from  vegetables ; I mean,  thofe  admira- 
ble metamorphofes  which  the  fame  infers  exhibit  to  us* 
which  are  fometimes  fo  oppofite,  that  it  does  not  ap- 
pear to  be  the  fame  animal. 

> - 
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. But  may  we  not  compare  the  bud  in  which  A plant 
,Qr  flower  is  infolded,  to  the  covering,  of  achryfalrs 
which  conceals  the  butterfly  from  our  fight  ? And  as 
the  plant  cannot  produce  feeds  till  the  flower  has  iflued 
.from  the  bud,  fo  neither  can  the  butterfly  prbpigate 
till  it  has  call  off  the  fheath  of  the  ohryfalis.  •r.-ft  ‘ 
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19.  It  is  not  fo  eafy  to  compare  plants  and  animals  ih 
their  interior  forms  or  ftrufture,  as  it  is  in  their  exte- 
rior. We  may  judgd  of  the  one  by  a "Angle  glance  of 
the  eye  : we  muft  beftow  a particular  attention,  to 
judge  of  the  other.  We  penetrate  with  greater  dif- 
ficulty, into  the  infide  of  a plant,  than  into  that  of  an 
animal.  The  microfcope,  fcalpel,  and  inje&ions,  which 
are  fo  ferviceable  to  us  in  the  anatomy  of  animals, 
affift  us  very  imperfe&ly  in  that  of  plants.  It  is  like- 
wife  true,  that  this  part  of  organical  economy  has  been 
lefs  ftudied.  ■ . 

But  how  imperfect  foever  the  anatomy  of  plants  may 
be,  we  are  able  to  iifcover  fome  of  their  principal  vef- 
fels.v  Thefe  may  be  ranged  tinder  two  general 
clafles  ; the  longitudinal  that  extend  the  whole  length 
of  the  plant ; and  the  tranfverfe  veflels,  or  fuch  as  are 
placed  acrofs  it.  The  fappy  veflels  and  trachcean  be- 
long to  the  firft  clafs ; the  utriculi  or  infertions  to  the 
fecond.  The  veflels  containing  the  fap  feem  defigned 
. to  convey  the  juice.  The  utriculi,  or  little  bags,  ap- 
pear intended  for  digefting  it.  • 

Some  plants  feem  to  be  entirely  composed  of  utri- 
culi : fuch  are  certain  fpecies  of  roots  and  fea-plants, 
whofe  texture  is  aim  oft  together  veficular.  It  is  the 
fame  with  thofe  animals  which  feem  to  confift  of 

ftomach  only,  as  the  polypus  and  tape-worm. 

\ 
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One  of  the  principal  characters  by  which  we  may 
diftinguifh  infers  from  large  animals,  is,  that  the  for- 
mer have  no  bone  within  them.  What  they  have  of  a 
' bony  or  fcaly  nature  is  placed  on  their  outfide  for  a 
‘ fupport  or  defence  to  the  more  delicate  parts  under- 
neath, or  to  fuftain  the  body  with  greater  advantage. 
Thus  we  fee  that  in  almoft  all  infers,  properly  fo 
called,  - the  head,  corflet,  legs,  rings,  &c.  are  either 
•••wholly,  or  for,  the  moll  part  doubly  covered  with 
fcales.  ■ 

, '•  f ' . • * 

Herbs  differ  from  trees  as  inlets  from  large  ani- 
mals. They  have  no  ligneous  body  in  their  centre. 
What  they  have  of  a ligneous  nature,  appears  on  the 
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.outfide,  and  ffervfes  to  protedt  the  weaker  parts  of  the 
plant.  Thus  we  find  plants  with  tubes  are  ftrength- 
ened  by  knots  placed  at  regular  diftances  ; fo  that  the 
lower  mo  ft:  knots  which  are  defigned  for  the  bafe,  are 
ftronger  and  nearer  each  other  than  the  upper  ones* 
It  is  on  the  fame  account  that  the  roots  of  many  her- 
baceous plants,  as  well  as  the  calixes  of  flowers,  an4 
the  capfules  or  coverings  of  the  feeds,  are  made  almoft 
ligneous.  f . 
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Herbs  grow  arid  -become  hard  fooner  than  trees* 
Infedts  than  great  animals.  Herbs  and  infedts,  being 
of  a fofter  confidence  than  trees  and  large  animals,  ex* 
tend  themielves  with  greater  eafe,  and  fooner  arrive  at 
the  period  of  their  extenfion.  Befides,  the  concentric 
beds  of  the  baric  of  trees,  and  thofe  of  the  periofteum 
of  animals,  being  fax  more  numerous  than  the  relative 
beds  of  herbs  and  infedts*  muft  needs  require  a longer 
time  for  their  growth.- 

We  may  diftinguifli  two  kinds  of  parts  in  organized 
bodies ; to  wit,  fimilar  and  diffimilar.  The  former 
are  compofed  of  fibres  of  the  fame  kind  ; the  latter,  of 
fibres  of  various  forts.  The  nerves,  arteries,  veins* 
lymphatic  veffels,  are  the  fimilar  parts  of  our  bodies  ; 
the  brain,  heart,  lungs,  ftomach,  the  diffimilar.  Plants 
are  almoft  entirely  compofed  of  fimilar  parts.  The 
veffels  containing  the  fap,  the  trachcea,  and  utriculi, 
are  of  this  kind.  Thefe  different  veffels  are  pretty  uni- 
formly difperfed  throughout  the  whole  body  of  the 
plant : they  enter  into  the  compofition  of  all  its  parts. 
^Fhey  are  to  be  met  with  in  the  root,  ftalk,  branches, 
leaves,  flowers  and  fruits.  The  leaft  fragment,  the 
fmalleft  leaf,  is  a representation  of  the  whole,,  an 
abridgement  of  the  plant. 

There  are  likewife  animals  which  are  nearly  cony, 
pofed  of  fimilar  parts.  Of  this  number  are  many 
Species  of  long  worms, jmd  feme  aquatic  millipedes, 
nettles,  and  fea-ftars^  ^olypules,  moths,  earth-worms. 
All  thefe  animals  are  foimed  in  fuch  a manner,  that 
each  part  of  them,  even  the  fmalleft,  correfpon'ds  in 
miniature  to  the  whole  in  all  parts. 
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In  the  long  worms  I juft  mentioned,  we  obferve 
"Very  diftinftly  a ftomach,  a heart,  and  fome  very 
fmall  vefiels  which  feem  dependent  on  the  latter.  There 
is  likewife  no  room  to  doubt  that  there  is  beneath  the 
ftomach,  a medullary  firing,  like  that  obferved  in 
other  fpecies  of  worms  and  caterpillars.  Their  vifcera 
are  not  diftributed  into  certain  regions  of  the  body  ; 
they  are  univerfally  difperfed  throughout  its  whole 
length  ; fo  that  we  may  truly  affirm  that  thefe  infe&s 
are  all  brain,  all  ftomach,  all  heart.  But  this  brain, 
ftomach,  and  heart,  appear  extremely  fimple  : the 
firft  is  fcarce  any  thing  more  than  a nervous  piece  of  - 
net- work,  the  l'econd  a membraneous  bag,  and  the  third 
a grand  artery* 

■ v •.  • * « * *.)  ' 

Polypufes,  which  are  more  fimple  in  their  ftnufture, 
are  only  a kind  of  bowel,  Town  with  an  infinite  num- 
ber of  fmall  feeds,  which  are  tinged  with  the  colour  of 
the  aliment.  • ■ "?  ; 

Tape-worms  partake  of  the  ftru&ure  of  polypufes, 
but  feem  to  be  more  compounded.  They  are  formed 
of  a chain  of  flat,' membraneous,  and  whitiffi  rings, 
jointed  together  like  the  divifions  of  a reed.  Each 
ring  has  on  its  upper  part,  or  on  one  of  its  fides,  a 
more  or  lefs  fenfible  eminence,  in  the  centre  of  which 
is  a fmall  round  aperture.  The  middle  of  the  ring  is 
full  of  veifels  of  a purple  or  whitiffi  colour,  which 
perform  a labour  that  attracts  the  attention  of  the  ob- 
ferver.  The  reft  of  the  ring  is  filled  with  an  infinite 
number  of  fmall  white  feeds.  Such  is  eifehtially  the 
firufture  of  the  tape  worm  in  its  whole  extent  j there  i§ 
no  perfect  variety  of  refemblance  between  all  the  rings, 
the  aflemblage  of  which  compofes  a kind  of  ribband 
or  lace,  which  extends  fometimes  feveral  hundred  feet 
in  length.  - - 

Earth-worms  are,  of  all  the  mfefts  I have  men* 
tinned,  thofe  whofe  infide  fee(m*  to  be  the-  moft  com- 
pounded, chiefly  becaufe  in  them  the  two  fexes  are 
united  : but  the  moft  effential  organs  cf  life  are  dif- 
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,triblitsd  in.  thrift  likewife  through  th*  whole, 

the  animal*  * . . •>"  yfittu* 

- ' j * 

Organized  bodies,  Vhofe  flrodlure  is  fo  fimple ifil 
uniform,  that  each  part  of  themhaS  m a fffiali  qo$i- 
pafs  an  organization  refemblinjg  th&t  of  the  whole  ii^ja 
greater  extent,  enjoy  divers  prerogatives  that  have  been 
denied  to  organized  bodies  of  a more : complicated 
ftrudture*  The  firft  of  thefe  ate  not  deftroyed*  wh$a 
divided  afunder.  Their  different  portions  continue  to 
live,  and  the  wounds  which  have  been  given  to  thept 
cafily  confolidate.  Thefe,  parts  vegetate,;  receiv^iiiQU- 
rifliment,  produce  new  organs,  and  multiply*  Such 
wonders  as  thefe  the  vegetables  and^infedt^  we  h^Xe 
lately  treated  of  exhibit  every  day:  wonders  which 
We  have  not  fufficiently  admired, in  the  former,  and 
which  perhaps  we  too  much  admire  in  the  latter. 

Large  animals  do  not  furnifh  us  with  the  fame  phe- 
nomena. The  confolidation  of  their  wounds,  and  dje 
re-union  of  their  fractures^  although  oftentimes  atv 
tended  with  circumftances  which  render  them  very  re-- 
markable^  ftrike  us  but  (lightly  when  compared ; with 
what  we  obferve  analagousin  polypufes,  ^nd  other  in- 
fers that  multiply  by  flips.  The  motions  we  perceive 
in  certain  parts  of  great  animals,  when  feparated  frana 
the  body,  or  after  the.  death  of  the  animal,  affect  us 
only  with  a (lender  degree  of  furpiife,  when  .we  confiw 
der  the  motions  of  different  parts  of  worms,  or  tbofe 
of  fame  millepedes.  ; , 

■ . - * . -.5  * 

. But. may  there  not  be  fome  mifconception  m daeife 
different  judgments  ? We  judge  of  the  effect  pfOf 
4uced,.as  conGdered*  in  itielf,  and  feparate  from  th# 
circumftances  accompanying  it ; whereas  we  ib©nl4 
judge  of  it  with  relatiolt  to  the  greater  or  lefs  degree 
pf  compofition  whereof  the  body,  in  whkl>  this  eifedt 
is  produced,  confifts.  .There  is  as  much,*  and  indee4 
tnore  to  be  admired; in  the  confolidation  of.  certain 
wounds, ^.or  in  the  re-union  of  certain  fractures  of  oun* 
body,  than  there  is  in  thexonfaiidation  of  the  woundst 
*>f  pply^pufe^, „ or Jn.the%  re-iuniou  .©£  parts- . 

* ' , been  , 
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Wen  feparated  from  them.  A "very  fimple  machine  h 
eafily  repaired ; a machine  that  is  extremely  com* 
pounded,  cannorbe  repaired  with  the  fame  facility. 
When  we  reflect  on  the  prodigious  number  of  fimilar 
and  diffimilar  parts  contained  in  the  compofition  of  the 
bodies  of  great  animals,  and  particularly  in  that  of 
r the  human  body  ; when  we  attend  to  the  drift  con- 
ijieftion  of  all  thefe  parts,  and  to  the  degrees  of  com- 
pofition in  each  of  them,  we  cannot  fufficiently  won- 
der that  the  various  accidents  which  happen  to  , thefe 
bodies  are  not  attended  with  greater  confequencts  t 

• we  fhall  at  the  fame  time  perceive  the  reafon  why  they 
are  not  enabled  to  propagate  like  bodies  whofe  orga. 

* nization  is  more  fimple.  / 


But  independently  of  the  greater  or  lefs  degree  of 
the  compofition  of  parts  neceflary  to  life,  as  foon  as 
thefe  parts  are  found  placed  in  different  regions  of  a 
"body,  and  are  not  difperfed  throughout  its  whole 
length,  fuch  a body  cannot  be  multiplied’  by  flips. 
•The  A uthor  of  Nature,  by  denying,  in  his  wifdom, 
this  property  to  large  animals,  by  confining  the  fources 
'of  life  in  them  within  a narrow  circle,  has  fecured 
them  from  harm  by  many  advantages.  Compare  the 
refult  of  the  motions  or  aftions  of  a fea  worm  with 
that  of  the  motions  or  aftions  of  an  ape,  and  you  will 
foon  perceive  which  of  thefe  animals  has  been  moll 
favoured.  - _ , - 


Finally,  organized  bodies,  to  which  a power  has 
been  granted  of  multiplying  by  a method  which  feems 
to  tend  to  their  deftruftion,  are  fuch  as  are  expofed  to 
the:  greateft  dangers,  and  whofe  life  is  neceflarily 
threatened  every  moment  wrtha  thoufand  various  acci- 
dents. i ^ 


19.  Amongft  the  motions  we  obferve  in  the  animal 
machines,  that  of  the  circulation  holds  the  firft  rank, 
either  by  its  importance,  or  its  nature,  duration,  and 
the  number  of  organs  by  means  whereof  it  is  per- 
formed. There  is  in  this  motion  an  air  of  grandeur 
that  feizes  forcibly  on  the  mind,  and  which,  by  making 
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itfenfible  of  the  narrow  limits  of  human  undemand- 
ing, penetrates  it  with  the  moft  profound  refpedt,  and 
•fills  it  with  the  higheft  admiration  of  the  Infinite  Mind 
•which  illuftrioufly  fitines  in  the  Divine  Author  of  it. 

• \ ■*. 

» In  the  centre  of  the  bread,  between  two  fpongy 
mailes  known  by  the  name  of  lungs,  is  depofited  a 
N fiefhy  pyramid,  whofe  bafe  bears  two  fmall  funnels 
like  ear-rings,  which  communicate  with  two  cavities 
contained  in  the  infide  of  the  pyramid,  and  which  di- 
v wide  it  according  to  its  length  into  two  chambers  or 
ventricles,  the  right  ventricle  and  the  left.  This  py- 
ramid is  the  heart,  the  main  fpring  of  the  machine. 
It  has  two  principal  orders  of  mufcular  fibres  ; fome 
of  which  pafs  obliquely  from  the  bale  to  the  point, 
others  cut  the  latter  tranfverfely.  From  the  exercife 
of  thefe  fibres  two  oppofite  motions  refult ; one  of  di- 
latation, the  other  of  contraction.  The  heart  feems  to 
execute  thefe  motions  by  turning  on  itfelf  like  a fcrew. 
Its  point  moves  towards  or  from  the  bafe,  by  rifing  or 
falling  obliquely. 

Two  great  veflels,  viz.  an  artery  and  a vein,  com- 
municate, with  each  ventricle.  The  artery*,  which 
communicates  with  the  Tight  ventricle,  conveys  the 
blood  to  the  lungs.  The  vein  f,  which  communicates 
with  the  fame  ventricle,  forms  the  principal  trunk  of 
the  veins,  and  carries  back  the  blood  from  all  parts  to 
the  heart.  The  artery  which  goes  into  the  left  ven- 
tricle, is  the  chief  trunk  of  the  arteries,  and  that,  which 
conveys  the  blood  to  all  parts,  The  vein  §,  which 
ends  at  the  fame  ventricle,  tranfmits  to  it  the  blood 
that  has  been  conveyed  from  the  lungs. 

• The  principal  trunks  of  veins  and  arteries,  are  di- 
**■  . Tided  into  feveral  branches  at  a fmall  diftance  from  the 

heart.  Some  tend  towards  the  upper  extremities, 
others  towards  the  inferior. 

The  arteries  and  veins  decreafe  in  diameter,  and  are 
rammed  more  orlefs  according  to  their  diftance  from 
their  origin.  There  is  no  part  to  which  thefe  do  not 
(difiribute  one  or  more  ramifications. 

•V  — * - + . ' , , f 

* The  pulmonary  artery"  f The  vena  cava. ' f The  erand  ar- 
tery, or  the  aorta.  § The  pulmonary  vein.  \ - 

When 
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When  they  have  arrived  at  the  mod  remote  part!?, 
the  arteries  have  an  intercourfe  with  the  veins. 

The  arteries  are  compoi'ed  of  feveral  membranes, 
placed  on  each  others  The  veins  have  fimilar  mem- 
branes, but  more  (lender,  and  weaker.  The  veins 
were  not  defigned  to  exercife  the  fame  power  as  the  ar- 
teries. Thefe  latter  muft  neceffarily,  like  the  heart, 
and  for  the  fame  end,  dilate  and  contrail  themfelves: 
they  have  therefore  been  provided  with  a very  elaftic 
membrane.  The  exercife  of  the  veins  (hould  not  be 
violent.  . „ _ I 

At  the  root  of  the  arteries,  and  in  the  inner  part  of 
the  veins,  are  placed  little  (Juices  or  valves,  which  by 
finking  and  riling  again  open  and  (hut  the  canal.  Thefe 
valves  are  deposited  in  the  veins,  in  a contrary  fenfe 
from  that  for  which  they  are  in  the  arteries.  We  (haU 
1 1 ' ' prefently  account  for  the  caufe  of  this  difference. 

_ _ . . • .*  . • v * » , i 

f* - * • . . 

20.  After  having  been  mafticated  and  diflolved  ia 
the  mouth  and  ftomach, . the  aliment  defcends  into  the 
inteftines,  where  it  receives  a new  preparation  by  the 
mixture  of  two  liquors,  one  of  which  is  furnilhed  by  , . 
the  liver,  and  is  called  the  bile ; and  the  other  by  a, 
fpecies  of  gland  * fituated  under  the  ftomach. 

The  aliment  is  thus  converted  into  a kind  of  greyifli  " 
pulp,  which  has  received  the  name  of  chyle.  Being 
Shifted  from  place  to  place  by  the  vermicular  or.pcrif- 
taltic  motion  of -the  inteftines,  and  ftrongiy  preiTed 
againft  their Tides  .at  the  inftant  of  their  contraction, 
the  chyle  penetrates  into  extreme  fmall  veiieis  f',  which  , 

©pen  themfelves  in  the  internal  membrane  of  the  intes- 
tinal canal.  Thefe  veffels  tranfmit  the  chyle  to  very 
fmall  glands  which  are  covered  with  a kind  of  mem- 
brane % fituated  in  the  midft  of , the  inteftines,  and  , 
round  which  they  are  in  a manner  rolled.  After  being 
filtrated  in  thefe  glands,  the  chyle  is  received  by  other 
veffels  §,  which  convey  it  into  a concavity  ||  placed 
along  the  fpine,  and  which  pours  it  into  a vein  fituated 

• v ' ' v Mb'  * r ’ V '*?# 

* The  pancreas  and  pancreatic  juice.  f The  primary  lacteal 
veins.  I The  mesentery  and  mesenteric  glands.  § The  secon- 
dary lacteal  veins.  ||  The  thoracic  duct.  ‘ i 
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Zuider  the  left  clavicle.  There  it  enters  into  the  blood, 
■and  lofes  the  name  of  chyle.  From  this  vein  the  new 
' blood  pafles  into  the  upper  branch  of  the  principal 
■trunk  of  veins,  which  carries  it  towards  the  heart.  It 
pafles  into  the  right  lobe,  which  opens  at  its  approach, 
and  by  clofing  immediately,  forces  it  into  the  right 
ventricle,  which  is  dilated  in  order  to  receive  it.  The 
heart  kiftantly  contradh  itfelf ; the  Valves  with  which 
the  ventricle  is  furnifhed,  railing  themfelves  to  eppofo 
the  reflux  of  the  blood  into  the  lobe,  it  is  compelled  to 
pafs  the  artery,  which  is  appointed  to  carry  it  to  the 
lungs.  The  valves,  which  are  placed  at  the  entrance 
of  this  artery,  fink  down  ; the  artery  dilates,  and  the 
blood  advances  into  the  cavity.  The  valves  rife  again, 
and  prevent  its  return  towards  the  heart.  The  artery 
contracting  itfelf,  the  bleed  is  impelled  farther,  and, 
by  thefe' alternate  dilatations  and  contractions  of  the 
veflel,  it  is  conveyed  to  the  lungs,  where  it  run* 
through  every  part  of  them.  The  ramifications  of  the 
trachce  *,  which  are  difperfed  in  the  vifeera,  carry  thi- 
ther a frefh  and  elaftic  air,  which,  by  ailing  on  the 
lungs,  dilates,  winds  them  about,  extends  and  opens 
them,  and  by  that  means  facilitates  the  courfe  of  the 
blood  into  the  fmalleft  ramifications  of  the  artery. 
Befides,  being  impregnated  with  this  air,  the  blood 
becomes  thereby  attenuated,  is  cooled,  and  receives  a 
fmore  lively  colour.  After  its  arrival  at  the  extremi- 
ties of  the  artery,  it  pafles  into  that  of  the  pulmonary- 
vein,  which  conduits  it  to  the  left  ventricle  of  the 
heart.  This  latter,  by  contracting  itfelf,  puihes  it  into 
the  aorta  f , which  by  continually  dividing  and  fiib- 
dividjng  itfelf,  diftributes  this  balfamic  liquor  to  all 
the  parts,  in  order  to  promote  their  growth,  ot  ftip« 
port,  and  occafion  different  fecretions. 

21.  Such  is  the  admirable  mechanifm  of  the  circu- 
lation pf  the  blood  in  men,  and  in  thofe  animals  which 
we  are  beft  acquainted  with.  But  how  greatly  does 
this  imperfed  fketch  fall  (hort  of  the  reality ! How 
incapable  are  thefe  outlines  of  expreffing  the  beauties 
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* The  bronchia*  f The  principal  trunk  of  arteries.  _ 
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•f  this  noble  fubjeft  ! And  who  can  account  for  the 
■manner  by  which  the  ftrength  of  life  is  repaired  and  re- 
cruited ? Who  can  conceive  the  caufe  of  that  perpei 
tual  motion  of  the  heart,  which  continues  without  in- 
termiffion  for  the  fpace  of  feventy,  eighty,  or  a hun- 
dred years,  which  has  lafted  for  ages  in  the  firft  race 
of  men,  and  which  remains  aimoft  as  long  in  fome 
fpecies  of  animals  ? Have  we  difcovered  the  exad 
part  where  the  artery  is  changed  into  a vein  ? Have 
we  difclofed  the  myftery  of  the  fecretion  of  thofe  fpi- 
rits,  whofe  prodigious  fubtility  and  a&ivity  give  them 
a near  refemblance  to  light  ? 'Can  we  even  deter- 
mine in  what  manner  the  groffeft  fecretions  are  per- 
formed? Do  we  underftand  the  true  mechanifm  of  - 
mufcular  motion  ? Have  we  been  able  to  find  out  the 
fource  of  that  great  ftrength  which  often  fo  far  exceeds 
that  of  the  heart  ? All  thefe  dependencies  on  circula- 
tion are  yet  unrevealed  to  us.  The  gloom  of  night 
ftill  wraps  thefe  regions  in  dark  obfcurity,  and  you  are 
earneftly  defirous  of  chafing  it  away  from  before  that ' 
fun  which  alone  can  difpel  thefe  fhades.  Will  the 
dawn  of  that  day  ere  long  gild  the  horizon  of  the 
learned  world  ? ■ Or  is  the  time  of  its  breaking  forth 
upon  us  yet  afar  off  ? 


, But  if  we  are  not  able  to  difcover  the  whole,  we 
may  at  leaft  fee  enough  of  it  to  excite  our  admiration  ; 
and  the  {ketch  which  I have  juft  drawn  of  the  circu- 
lation, is  fufficient  to  enable  us  to  conceive  the  higheft 
ideas  of  the  Sovereign  Mind,  which  has  appointed  the 
manner,  duration,  • and  end  of  it. 


\ Far  lefs  magnificent  in  its  plans,  lefs  fkilful  in  die 
«execution  of  them,  hydraulics  offer  to  us  but  faint 
images  of  this  miracle,  in  thofe  machines  by  means  of 
which  water  is  raifed  above  the  mountains,  in  order  to 
its  being  diftributed  into  every  quarter  of  a great  city, 
, and  made  to  circulate  and  iffue  forth,  under  a hun- 
dred various  forms,  into  thofe  gardens  which  art  and 
nature  vie  with  . each  other  in  adorning  and  embel- 
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^The  works  of  the  Creator  muft  be  compared  with 
the  works  of  the  Creator.  Ever  like  Himfelf,  He 
. has  imprefled  on  all  his  productions  a character  of  no- 
blenefs  and  excellence,  which  demonftrates  the  gran- 
deur of  their  origin,  'From  that  immenfe  mafs  of 
water  which  encompafles  the  great  continents,  there 
inceflantly  arifes  an  ocean  of  vapours,  which,  being 
rarefied  by  the  combined  aCtion  of  the  fun  and  alir, 
fpread  themfelves  in  the  upper  region  of  the  atmo- 
fphere,  where  the^  remain  fufpended  in  equilibrid, 

. being  intermixed  with  the  fluid  in  which  they  float, 
and  gravitate  with  it.  Collected  afterwards  into 
clouds  more  or  lefs  denfe,  and  borne  on  the  wings  of 
the  winds,  they  fly  acrofs  the  celeftial  plains,  which 
they  adorn  with  their  rich  colours,  and  continually  va- 
riegated forms.  Fixed  at  length  on  the  mountain  tops, 
they  pour  upon  them  abundant  rains,  which  being 
collected  in  the  vaft  refervoirs,  embdfomed  within 
them,  furnifh,  by  a happy  circulation,  a fupply  to 
fountains,  rivers,  lakes  and  feas.  Like  veins  and  ar- 
. teries,  the  rivers  flow  meandering,  and  branching  on 
the  furface  of  the  earth,  they  run  through  immeofa 
countries  ; water,  fertilize,  and  unite  them  by  a reci- 
procal commerce,  and  tnajeftically  rolling  their  waves 
, toward  the  fea,  plunge  themfelves  into  it,  in  order  to 
be  again  exhaled  in  vappurs,  and  re-enter  afrefli  into 
the  channels  of  this  magnificent  circulation. 

h-  • % ' • ‘r  , # ~ ’ 

22.  Does  the  lap  circulate  in  plants  as  the  blood  cir- ' 

dilates  in  animals  ? Is  this  new  mark  of  analogy  be- 
tween thefe  two  clafles  of  organized  bodies  as  real  as 
, it  has  appeared  to  be  ? Small  bladders  full  of  air 
which  have  been  thought  to  be  difcovered  within  the 
leaves,  have  convinced  us  that  they  were  the  lungs  of 
the  plant. 

v But  there  have  not  been  difcovered  in  plants  veftels 
analogous  to  veins  and  arteries.  No  organ  has  been 
,feen  in  them  capable  of  performing  the  functions  of  the 
heart.  A tree  which  is  planted  a contrary  way,  \tfith 
*he  roots  at  top  and  the  branches  in  the  ground,  lives, 
grows,  bears  fruit ; from  its  roots,  branches  Ihoot 
|orth,  from  its  branches,  roots.  The  fame  is  ©bferved 
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with  refpeft  to  flips  and  layers.  A young  branch,  tJF, 
young  fruit,  after  being  grafted  on  a fabjeft  foreign  to 
-itfelf,  incorporates  with  it,  and -derives  from  thence 
the  fame  degree  of  growth  it  would  have  received" 
from  the  plant  Whence  it  was  detached.  > Experiments 
demonftrate,  that  the  motion  of  theYap  depends  en- 
tirely on  the  alternatives  of  heat  and  cold,  and  the  vi-r 
'-ciffitudes  of  day  and  night.  It  is  evident  that  the  fop*, 
rifes  in  the  day  from  the  roots  to  the  leaves,  and  falls 
in  the  night  from  the  leaves  to  tile  roots.  In  a word,- 
the  courfe  of  the  fap  nearly  refembles  that  of  the  li- 
quor contained  in  the  tube  of  a thermometer*  All  is* 
reduced  to  a fimple  counterpoife. 

-j i *.  . ..  / ■ ' . r 

23.  The  nourifliment  of  the  more  perfect  animals" 
.requires  to  be  more  wrought  than  that  of  plants* 
Hence  the  neceflity  of  the  circulation  of  the  blood,- 
The  preparations  of  the  fap  do  not  require  fuch  ar 
punftual,  regular,  and  conftant  motion  ; bare  pollings 
Tuffice.  Large  animals  eat  but  at  particular  times  : 
prefling  fenfation  which  induces  them  to  take  nourifti* 

. tnent,  does  not  continually  aft  upon  them.  The  dif-' 
ferent  preparations  their  aliment  fhould  undergo** 
would  be  difturbed  or  interrupted,  were  a frefhfupply 
to  be  received  within  them  before  the  former  was  fuf*' 
ficiently  digefted. 

Plants,  on  the  contrary,  are  in  a ftate  of  perpetual 
fuftion  •,  they  draw  in  nourifliment  continually,  and  in 
a very  great  quantity,  in  the  day-time  by  their  roots^ 
in  the  night  by  their  leaves*  There  is  a plant  which 
receives  and  tranfpires*  in  the  fpace  of  twenty-fbuf 
hours,  twenty  times  more  than  a man. 

But  if  plants  differ  fo  much  from  large-animals  by 
circulation,  on  the  other  hand  fome  fpecies  of  animals 
feem  nearly  to  refemble  plants  by  their  want  of  this* 
circulation.  Nfot  the  leaft  appearance  of  this  motion 
is  to  be  perceived  in  the  polypus,  the  tape-worm,  the 
pond-mufcle,  and  divers  other  ftiell-fifh. 

■ 24.  One  of  the  ancients  defined  a plant  to  be  a 

irooted  animal.  He  would  undoubtedly  have  defined 

• * f*  an 
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fcn  animal  to  hare  been  a wandering  plant.  The  loco- 
motive faculty  is  one  of  thofe  chara&ers  which  prefent 
themfelves  firft,  when  we  compare  the  vegetable 
* kingdom  with  the  animal.  We  fee  plants  that  are  con- 
ftantly  fixed  on  the  earth.  Being  incapable  of  feeking 
- their  nourifhment,  it  is  ordained  that  this  nourifhment 
fhall  feek  them.  The  greateft  part  of  animals  on  the 
contrary,  are  fubje<fted  to  the  care  of  providing  their 
©wn  fubfiftence.*  Nature  has  not  always  depofited 
near  them  fuch  nourifhment  as  was  neceifary  for  their 
fupport.  She  has  thought  proper  to  oblige  them  to 
procure  it  for  themfelves,  often  with  much  labour* 
And  the  different  methods  by  which  fhe  has  mftru&ed 
each  fpecies  to  obtain  this  end,  much  diverfify  the 
feene  of  our  world. 

Whifft  the  ploughman  opens  the  earth,  to  entruft 
*with  it  the  feeds  neceffary  to  fupport  him,  the  mole 
and  the  mole  cricket  are  clearing  for  themfelves  diffe- 
rent routes,  in  the  fame,  to  fearch  for  the  food  allotted 
*o  them.  The  huntfman  purfues  his  prey  with  an  ob- 
-ftinate  refolution : triumphing  in  his  fwiftnefs  and 
ftrength.  At  other  times  preferring  craft  he  becomes 
mailer  of  it  by  laying  fnares  for  it.  The  tyger  rufhes 
on  the  fawn  fporting  in  the  meadow.  The  cat  watches 
motionlefs  and  filent,  till  the  young  moufe  iffues  forth 
from  its  retreat,  that  fhe, may  dart  upon  it  in  a mo- 
ment. Some  fpecies  of  animals,  refemblmg  mankind 
-by  their  prudence*  lay  up  provifions  againft  a time  of 
fcarcity  ; build  themfelves  magazines,  in  which  are 
obferved  fuch  juft  proportions,  $s  to  give  us  caufe  to 
doubt  whether  it  was  the  workmanftip  of  a brute, 
were  we  not  convinced  that  this  brute  itfelf  is  the  work 
•of  Sovereign  Reafon.  j - 

25.  How  great  is  the  drftance  in  this  refpeft  froift 
the  beaver  and  bee,  to  the  gall  or  cochineal  infeft,  the 
-oyfter,  the  fea-nettle,  and  feveral  other  kinds  of  infefts 
and  fhell-fifh  ? The  gall  infe<ft  *,  being-  confounded, 
by  his  immobility  and  form,  writh  the  tree  on  which  he 
lives,  contents  himfelf  with  extra&ing  its  juice.  Car- 

* See  vol.  in.  chap,  viii;  * V * 
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ried  by  the  watc  to  the  fea-ftiore,  the  Oyfter  tfemaiflX 
fixed  there,  and  all  its  motions  confift  in  opening  and- 
clofing  its  (hell.  The  fea-nettle,  and  all  the  different 
polypufes  with  pipes,  being  continually  fixed  Jto  the 
fame  place,  open  and  fhut  like  a flower ; extend  and 
eontraft  themfelves  like  a fenfitive  plant ; flretch  out 
arms,  by  means  of  which  they  fehze  infefts.  This  is* 
their  principal  character,  and  the  kaft  equivocal  cha- 
rafter  of  their  animality. 

Thus  it  appears  that  the  loco-motive  faculty  is  not 
.more  proper  for  diftingnifhtng  the  vegetable  from  the 
animal,  than  thofe  other  charafters  which  we  have  be- 
fore treated  of.  In  the  mean  time,  what  can  be  more 
diftinft  in  appearance  than  a plant  is  from  an  animaH 
Or  what  more  eafy  to  charafterife  in  the  fight  of  the 
major  part  of  mankind  ? But  wdien  once  we  are  con- 
vinced that  every  thing  in  nature  is  fhadewed  over,  we' 
are  not  furprifed  at  the  difficulties  wre  meet  with  in  our 
attempts  to  diftinguifh  beings*  We  expeft  te  fee  the" 
fpecies  enter  again  into  each  other;  and  confine  our* 
felves  to  the  fmalleft  latitude,  or  to  that  which  is  at- 
tended with  the  leaft  uncertainty.  In  this  principle 
we  will  conclude  the  parallel : let  us  fee  whether  feel-* 
ing,  and  the  manner  by  which  animals  and  vegetables' 
are  nourifhedv  will  furniftius  with  any  thing  more  cha* 
xafterifticalr  . 

26.  If  there  be  any  faculty  whieh  feems  peculiar  t®" 
the  animal,  it  is  certainly  that  of  feeling.  Being 
united  to  an  organized  fub ft ance  by  ties  which  perhaps^ 
are  known  to  God  only,  this  fo«*l  compofes  with  this^ 
fubftance  a mixed  being,  a being  which  partakes  of 
the  nature  of  bodies,  and  of  that  of  fpirits.  As  a 
portion  of  matter,  it  is  a*  machine  which  is  admirable* 
in  its  ftrufture,  and  on  which  corporeal  objefts  aft  me- 
chanically. As  a fpiritual  fubftance,  it  is  affected  at 
the  prefence  of  fpiritual  objefts  in  a manner  which  does 
irot  feem  to  have  any  relation  with  that  by  which  ma- 
terial fubftanees  aft  on  each-other.  From  the  exprefc 
fionof  external  objefts  on  the  machine,  there  refultsa 
certain  motion  in  the  machine.  ~ From  this, motion 

• there-  ’ 
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there  follows  a certain  fenfation  in  the  foul,  which  is 
fucceeded  by  the  re-adtion  of  the  fpiritual  fubftance  orr 
the  corporeal ; a re-adtion  which  manifefts  feeling  from 
without,  and  which  is  the  expreffion  or  fign  of  it. 

• • * • i 'r'  ' ' ' •'  * ■ <r  S t ; 

"The  various  fenfations  in  the  animal  may  be  reduced 
•to  thefe  two  general  clafles,  pleafure  and  pain,  fepa- 
ratedfrom  each  other  by  degrees  which  are  frequently 
infenfible,  and  iffuing  from  the  lame  origin.  The  ex-  . 
predion  of  pleafure  and  pain  is  not  alike  in  all  animals  j 
becaufe  the  organs,  by  means  whereof  the  foul  ma« 
nifefts  her  fentiments,  are  not  the  fame  in  all. 

• ~ ^ » 

There  are  fpecies  in  which  feeling  is  manifefted  by 

a greater  number  of  figns ; more  varied,  more  ex- 
preffive.  What  expreffion  for  inftance,  is  there -in  the 
air,  the  motions,  and  the  various  attitudes  of  an  ape, , 
a horfe,  a dog,  a cat  ? There  is  not  much  lefs  ex- 
preffion  in  birds  than  in  quadrupeds.  Fifties  do  not 
•exprefs  themfelves  with  the  fame  clearnefs  and  energy  ; 
they  form  a dumb  people,  amongft  whom  the  language 
by  figns  is  little  pradtifed  i but  the  extreme  vivacity  of 
their  motions  feems  in  part  £b  compenfate  for  their  fte- 
rility  of  expreffion.  Reptiles,  ftiell-fifh,  and  infedts, 
which  are  ftiil  at  a greater  diftance  from  us  than  fifties, 
exprefs  to  us  their  feelings  in  a more  obfcftre  manner  ; 
but  which,  notwithftanding,  we  can  conceive  to  a cer- 
tain degree,  and  often  acknowledge  to  be  very  ex- 
preflive.  " > 

On  the  contrary,  we  do  not  difoover  in  the  plant  any 
fign  of  feeling.  All  in  that  feems  to  be  purely  mecha- 
nical. Its  life  appears  to  he  lefs  a life  than  a fimple 
duration.  We  cultivate  a plant,  or  we  deftroy  it, 
without  experiencing  any  thing  fimilar  to  what  we 
meet  with  when  we  cherifh'an  animal,  or  put  it  to 
death.  We  fee  the  plant  fhoot  forth,  grow,  ffourifh 
and  bud*,  as  we  perceive  the  hand  of  a clock  to  have 
palled  over  the  points  of  the  dial. 

Thefe  confederations  lead  us  to  confider  feeling  as  a 
.tharadter  proper  for  diftinguifhing  the  vegetable  from 
• the  animal. 
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27.  Since  then  the  faculty  of  feelingfurnifhes  us  but’ 
with  a doubtful  charadler  for  diftinguifhing  the  vegeta- 
ble from  the  animal,  which  is  that  we  fhould  have  re- 
courfe  to  with  this  view?  I think  we  have  exhauftecT 
them  all : we  have  at  leaft  treated  of  them  all  in  a 
curfory  manner.  But  we  have  not  examined  them  all 
under  their  various  afpedls.  There  is  one  of  them,: 
which  being  conlidered  in  a certain  point  of  view,  may 
perhaps  procure  us  what  we  havain  vain  fearched  for 
in  the  others.  * • 

• We  may  now  confider  the  pofition  of  thofe  organs' 
by  which  plants  and  animals  receive  their  nourifhment. 

Thefe  organs  in  plants  are  the  roots  and  leaves.  Both 
of  them  are  furnifhed  with  pores,  by  means  of  which 
they  pump  in  the  nutritious  juice.  Thefe  pores  ter-* 
ruinate  at  fmall  ve/Tels,  which  tranfmit  the  juice  into 
the  inner  part : or,  rather,  thefe  pores  are  only  the  ex- 
tremity of  thefe  velfels. 

f 

Animals  have  organs  which  are  entirely  analogous 
to  roots  and  leaves ; I mean  ladteal  veins,  or  veflels' 
which  anfwer  the  fame  purpofe.  Thefe  veins  open 
themfelves  in  the  inteflines,  and  pump  the  chyle  inter 
them,  which  they  convey  into,  the  channels  of  circu~ 
lation.  An  animal  is  then  an  organized  body,  which 
is  nourilhed  by  roots  placed  within  him.  A plant  is  arr 
organized  body  which  receives  its  nourifhment  byj 
means  of  roots  placed  on  its  ontfide. 

Yet  an  animal  which  is  nourilhed  by  pores  diftributecf 
©n  its  outfide,  renders  this  character  ambiguous.  The 
tape-worm  feems  fuch  an  animaL  It  forms  in  the  in- 
teftines  a.  great  number  of  plaits  r and  fometimes  eiw 
Wely  fills  the  capacity  of  this  canal.  Each  of  the 
rings  that  compofe  it,  and  whole  length  is  rarely  .more 
than  one  or  two  lines,  is  pierced  with  a fmall  round 
aperture,  by  which  one  may  fee  the  chyle  iffue>  which 
the  worm  is  full  of,  and  which  conftitutes  its  principal 
nourifhment.  If  this  aperture  is  a kind  of  fucker,  by 
the  help,  of  which  the  infeft  . pumps  the  chyle  that  fur# 

round* 
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rounds  it,,  this  method  of  nourifhing  itfelf  varies  but 
little  from  that  of  plants. 

But  without  feeking  very  far  for  examples  of  ani- 
mals that  are  nourifhed  like  plants,  this  is  the  cafe  of 
all  animals,  whether  oviparous  or  viviparous,  whilft 
they  are  enclofed  in  the  egg,  or  in  the  belly  of  their 
mother.  The  umbilical  veffels  may  be  confidered  in 
the  egg  or  in  the  matrix,  as  roots  which  imbibe  the 
nourifliment.  It  is  the  fame  with  refped  to  infefts 
that  multiply  by  fhoots.  - Whilft  the  young  one  (till 
adheres  to  its  mother,  it  is  noiirilhed  in  a manner  little 
different  from  that  which  is  peculiar  to  branches*. 
Animal  grafts  nearly  refemble  vegetable  in  this  par- 
ticular. , 

Daftly,- the  fkin  of  the  human  body  imbibes,  like 
the,  leaves  of  plants,  the  vapours  with  which  the  air 
abounds : and  although  men  draw  in  much  lefs  nou--. 
rifhment  by  this  means  than  vegetables,  it.  is  neverthe- 
lefs  true  that  their  fkin  and  leaves  have,  in  regard  to, 
. this  circumftance  a great  affinity  to  each  other.  Per- 
haps we  may  be  able  fame  time  or  other  to  difcover 
animals  which  are  nourifhed  by  their  fkin  only,  as  cer- 
tain plants  are  by  their  leaves. 

'*  1 ' ' 3 ‘ ' \ ■*'  r ' 

28.  Dp  we  then  in.  vain  feek  for  a peculiar  character 
•whereby  we  may  diftinguifh  the  vegetable  from  the 
animal  ?;  I perceive  a new  property,  which  will  per- 
haps furnifh  us  with  what  we  feek  for. 

. 

• A mufcular  fibre  contracts  of  itfelf  on  the  touch  of 
all  bodies,  whether  folid  or  liquid.  This  property  is 
known  by  the  name  of  irritability.  It  has  nothing  in  it 
common  to  fenfibility.  The  parts  which  are  moft  fen- 
jible  are  not  irritable,  and  the  parts  which  are  moft  ir», 
ritable,  ar.e  not  fenfible.  Neither  ought  we  to  confound" 
irritability  with  elafticity.  A dry  fibre  is  very  elaftic,,, 
and  not  at  all  irritable.  Animals  purely  gelatinous  are. 
not  elaftic,  and  are  notwithftanding  very  irritable.  In 
ffiort,  the  fibres  of  old  men,  though  much  more  elaf- 
tic than  thofe  of  infants,  are  much  lefs  irritable. 
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We  have  feen  that  the  heart  is  a real  mufcle.  If  we 

N - - , 

extra#  it  from  the  breaft,  it  Will  continue  to  move  till 
it  has  loft  its  natural  heat.  The  heart  of  a viper  or 
tortoife  beats  ftrongly  for  the  fpace  of  twenty  or  thirty 
hours  after  the  death  of  the  animal.  Water  or  air, 
when  introduced  into  the  ventricle,  are  fufRcicnt  to 
reftore  to  the  heart  the  motion  it  has  loft. 

..  t . ?•"  ■ 

The  periftaltic  motion  of  the  inteftines  is  likewife 
owing  to  their  irritability.  But  the  following  is  what 
we  Ihould  not  have  gulfed  at.  If  they  are  plucked 
haftily  from  the  lower  belly,  and  cut  into  pieces,  all 
thefe  pieces  will  crawl  like  worms,  and  centra#  them- 
felves  on  the  flighted  touch. 

So  that  not  only  every  mufcle,  but  alfo  every  frag- 
ment of  a mufcle,  and  even  every  mufcular  fibre, 
contra#  themfelves  more  or  lefs  on  being  touched  by 
any  body  whatsoever,  efpecially  if  that  body  be  of  a 
ftimulating  nature.  And  as  the  fibre  contra#s  fo  it 
likewife^  recovers  of  itfelf,  and  this  alternate  exercife 
lafts  for  a time  proportionable  to  the  degree  of  irritav 
bility.  - 

It  is  evident,  from  all  the  experiments  that  the  vital 
parts  are  the  mod  irritable.  The  heart  is  the  mod  ir- 
ritable of  all,  and  next  to  that,  the  inteftines  and 
diaphragm. 

The  nature  of  irritability  is  unknown  ; we  only 
judge  of  it  by  its  effefts.  It  probably  refides  in  the 
elaftic  fluid  which  is  interfperfed  between  Jthe  lamellae 
of  the  fibre.  The  nerves  are  not  irritable  j but  if  a 
nerve  be  pricked,  the  mufcle  at  which  it  terminates 
will  contra#  itfelf.  The  rierves  may  then  give  mo- 
tion to  the  mufcles  ; but  they  do  not  communicate  an 
irritability  to  them  which  they  are  not  pofleffed  of 
themfelves ; they  only  put  it  into  a#ion,  and  thus 
they  are  the  minifters  of  the  afife#ions  of  the  foul. 

Irritability  then  feems  to  be  what  conftitutes  the 
vital  power  in  the  animal ; and  this  property  has  not 
been  perceived  in  the  vegetable.  Is  it  not  then  .the 
diftinguiihing  chara#er  we  feek  fori 
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CHAP,  XL 

Of  the  Industry  of  Animals. 

l»  f~  T ITHERTO  we  have  fcarcely  confidered  ani- 

11  mals  in  any  other  'light  than  with  refped  to 
the  organization,  and  the  immediate  and  general  con- 
fequences  of  it.  We  will  now  contemplate  their  in- 
duiiry,  which  is  ftill  more  interefting  to  us, 

-V  $ 

V " . 

Some  animals  Teem  reducible  to  feeling  only.  Others 
have  all  our  fenfes,  and  rife  almofl  to  underftanding, 
•'  he  di (lance  from  the  polypus  to  the  ape  appears 
enormous. 

Imagination  and  memory  are  obfervable  in  divers 
fpecies : imagination  in  their  dreams  j memory,  in 
the  recolledion  of  fuch  things  as  have  affeded  them. 
Places,  perfons,  animate  and  inanimate  objeds  are 
traced  out  in  their  brain,  and  they  ad  agreeably  to 
theie  reprefentations. 

i he  degree  of  knowledge  in  each  fpecies  anfwers 
to  the  place  it  occupies  in  the  general  plan.  The 
fphere  of  this  knowledge  extends  to  all  cafes  which 
the  animal  may  naturally  meet.  And  if  the  animal 
happens  to  be  drawn  from  his  natural  circle,  and  ne- 
verthelefs  is  not  entirely  removed  out  of  it,  we  may 
conclude  that  this  new  fituation  has  a relation  to  one 
. of  the  cafes  to  which  the  fphere  of  his  knowledge  ex- 
tends," ' 

The  way  whereby  animals  vary  their  proceedings  as 
-neceffity  requires,  furnifhes  one  of  the  (trongeft  argu- 
ments againil  the  opinion- which  transforms  them  into 
mere  machines.  The  philofopher  who  attributes  to 
them  a foul,  founds  his  judgment  on  the  analogy  of 
their  organs  with;  ours,  and  of  their  adions  with  fe- 
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,-sreral  of  ours.  Thofe  who  make  the -foul 
forget  that  even  feeling  is  incompatible  with  the  pro- 
perties of  matter.  . . , ; 

4 The  greater  the  number  of  cafes  is  to  which  the 
"knowledge  of  an  animal  extends,  the  .higher  ..is  this 

animal  elevated  in  the  fcale. 

^ ' ' ' 1 ’ j.  ' 

The  prefervation  of  life,  the  propagation  of  the 
fpecies,  and  the  care  of  their  young,  are  the  three 
principal  branches  of  the. knowledge  of  animals ; but 
all  are  not  alike  to  be  admired  in  thefe  refpe<3s. 

The  oyfter  knows  only  how  to  open  and  clofe  its 

. , {hell.  . ... 

The  fpider  fpreads  a net  for  his  prey.;  waits  like  a 

huntfman,  till  fome  infedt  falls  into  the  fnare  : hardly 
has  he  touched  it,  before  he  darts  upon  it.  Is  he  , 
armed,  or  too  nimble  ? He  fallens  the  lines  to  him 
with  wonderful  {kill,  and  thus  dilables  it  either  from 
^flying  or  defending  itfelf. 

Divers  fpecies  of  animals  live  from  day  to  day, 
without  taking  any  thought  for  the  lugceeding  day. 
Others  leemed  endued  with  a kind  of  lorefight,  con- 
ftrudt  magazines  with  abundance  of  at  t,  which  they 
*jfill  with  various  kinds  of  provifions  ; fuch  as  the  bee 
and  the  beaver, 

, • 4 ' 

Among  animals  tfiat  live  by  prey.,  fome,  .like  the 
eagle  and  the  lion,  attack  with  op^n  force.  Others, 
as  the  hawk  and  the  fox,  join  craft  to  ftrength.  Some 
fave  their  lives  by  flight others  by  hiding  themielves 
under  the  earth  or  water  ; while  others  (till  have  re«* 
eourfe  to  divers  ftratagems  to  facilitate  their  flight, 
and  evade  the  purfuit  of  their  enemy. 

Thofe  philofophers,  who  take  a great  deal  of  pains 
to  define  inftinft,  are  not  aware,  .that  in  order  to  do  it, 
they  fhould  fpend  fome  time  in  the  head  of  an  animal, 
without  becoming  the  animal  itfelf.  To  fay  in  gene- 
ral, that  inftinft  is  the  refult  of  the  impreffion  of  cer-  v 
tain  objefts  on  the  machine,  of  the  machine  on  the 
foul,  and  of  the  foul  on  the  machine  ; is  to  fubftitute 
terms  that  are  a little  lefs  obfcure,  inftead  of  a very  ob-  , 
• term ; but  the  idea  does  not-iffue  from  the  thick 

' • • ■'  ^ • darknefc* 
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darknefs  that  covers  it.  We  Well  know  what  is  not  in« 
ftinCt,  but  are  utterly  ignorant  what  it  is.  It  is  not  un« 
derftanding,  or  reafon.  The  brute  has  neither  our  no- 
tions,  nor  our  mean  ideas;  becaufe  it  has  not  our  figns. 

2.  At  the  fame  time  that  Nature  has  taught  divers 
animals  the  method  of  attacking  and  purfuing  their 
prey,  fhe  has  inftruCted  them  in  that  of  felf-defence  or 
efcaping.  If  we  were  converfant  in  the  books  of  na-  ' 
ture,  we  Ihouli  there  fee,  without  doubt,  that  the 
profit  always  makes  amends  for  the  lofs.  A regifter  of 
the  births  and  deaths  of  fome  fpecies  puts  this  truth 
beyond  all  controverfy. 

Thofe  fpecies  which  multiply  mod,  have  the  greateft. 
number  of  enemies.  Caterpillars  and  vine-fretters  are 
attacked  as  much  within  as  without,  by  I know  not 
how  many  infers,  that  are  always  bent  on  dedroying 
the  individuals,  without  being  able  to  effect  the  de- 
ftruCUon  of  the  fpecies.  Many  fpecies  feek  their  living 
or  retreat  in  the  inner  part  of  the  earth,  or  in  that  of 
plants  and  animals.  Others  build  themfelves  nefts  or 
(hells  with  amazing  art,  where  they  pafs  their  time  in 
weaknefs  and  inactivity. 

4 

Some  that  are  more  (kilful,  can,  like  us,  make  them- 
felves clothes,  and  even  procure  matter  for  their  nou- 
rifhment.  They  ftrip  our  cloths  and  furs  of  their  hairs,  ■ 
and  make  a kind  of  ftuff  of  it,  wherewith  they  clothe 
themfelves.  The  form  of  their  drefs  is  very  Ample, 
but  very  commodious.  It  is  a fort  of  muff  or  cafe, 
which  they  can  lengthen  or  widen  as  they  find  occa- 
fion.  They  lengthen  it  by  adding  to  each  end  new 
layers  of  filk  and  hair,  and  widen  it  as  we  do  a glove, 
by  cutting  it  in  the  middle  according  to  the  length  of 
it,  and  by  engrafting  a piece.  You  may  imagine  that 
I : am  fpeaking  of  houfe-moths  ; field-moths,  which 
clothe  themfelves  with  leaves,  furpafs  them  in  induilry. 

Several  kinds  of  fifljes  and  birds  change,  at  a dated 
time,  their  dwelling-places.  We  have  feen  numerous 
(hoals  of  herrings  and  cod-fifii,  and  flocks  of  geeie, 
quails,  and  crows,  refembling  thick  clouds,  that  l'ome- 
times  darken  the  air.  By  l'uch  periodical  emigrations 
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the  fpecies  are  preferved,  and  in  their  long  .pilgrimages 
Nature  is  their  pilot  and  provider. 

3.  .The  grafshopper,  lizarfl,  tortoife,  and  crocodile 
furnifti  examples  of  animals  that  fcarce  take  any  care 
©f  their  eggs,  and  are  aimoft  wholly  unmindful  of 
the  young  that  are  hatched  from  them.  They  lay 
them  in  the  earth  or  fand,  and , leave  the  fun  to  com- 
municate the  warmth  neceffary  for  them.  Shell- filh 
pradlife  the  fame  method  : fome  fpawn  in  the  .water ; 

.others  between  ftones,  or.  in  the  fand*  « ) 

' The  inftindt  of  the  different  fpecies  confifts  in. depo- 
siting them  in  places  where  the  young  may  find  pro- 
per nourifliment  at  their  birth.  The  mothers  commit 
jio  miftake  with  refpedt  to  that.  The  butterfly.of  the 
cabbage-caterpillar  never  lays  her  eggs  on  meat,  nor 
the  flefh-fly  oh  the  cabbage. 

« jg 

The  gnat,  that  flutters  in  the  air,  was  at  firft  an  in- 
habitant of  the  water.  For  this  reafon  her  eggs  are  al- 
ways depofited  in  the  water.  The  mafs  formed  by  • 
them  refembles  a little  veflel  which  the  infedt  fets  afloat. 

Each  egg  is  in  the  form  of  a keel.  All  the  keels  are, 
vertical,  and  are  difpofed  back  to  back.  The  gnat 
lays  but  one  egg  at  a time.  We  cannot  devife  how 
ihe  can  caufe  thefirft  egg  or  heel  to  remain  in  the 
water.  Her  method  is  neverthelefs  very  fimple,  but 
much  more  ingenious:  She  ftretches  out  her  long  legs  . 

behind  her,  crofles  them,  and  by  thus  forming  an  an- 
gle of  them,  receives  the  firft  egg,  and  holds  it  at  plea- 
sure. A Second  egg  is  Soon  placed  next  the  firft  ; then 
then  a third,  a fourth,  &c.  The  bafe  of  the  pyramid 
thus  widens  by  little  and  little,  and  at  length  is  capa- 
ble of  fuftaining  itfelf. 

Some  fpecies  glue  their  eggs  with  great  fymmetry 
and  propriety  round  the  branches  or  fmall  {hoots'  of 
trees,  like  rings  or  circles.  One  would  be  apt  to  fay, 
that  ft>me  {kilful  hand  had  .been  diverting  itfelf,  in  fit- 
ting pearl  bracelets  on  the  fprigs.  A caterpillar, 
which,  from  the  diftribution  of  its  colours,  is  called 
livery,  transforms  itfelf  into  a butterfly,  that  difpofes 
",  ' her 
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lier  eggs  in  this  manner,  and  forms  thefe  pretty  brace.* 
lets  of  them. 

Other  butterflies  do  fttll  more  : they  flfrip  themfelve3  - 
of  their  hair,  and  make  with  it  a kind  of  neft  for  their 
eggs,  where  they  lie  fdft  and  warm.  Such  in  parti- 
cular is  the  induftrious  workmanfliip  of  the  butterfly, 
proceeding  from  that  called  the  common  daterpiilar/ 
becaufe  it  is  in  fad  moft  common  in  thefe  countries, 

4.  Certain  fpecies  are  fo  attached  to  their  eggs,  that 
they  carry  them  about  with  them  every  where.  The! 
wolf  fpider  enclofes  her’s  in  a little  filk  purfe,  which  fh& 
bears  on  her  hind-part.  Does  any  one  deitroy  it,  or 
take  it  from  her  ? Her  natural  vivacity  and  agility 
abandon  her  : ihe  feems  to  falHrfto  a kind  of  languor* 
Has  fhe  the  happinefs  ter  recover  the  precious  truft  ? 
She  inftantly  feizes  it,  carries  it  away,  and  betakes* 
herfelf  to  flight.  As  foon  as  the  little  fpiders  are‘ 
hatched,  they  colled  and  arrange  themfelves  fkilfully 
on  the  back  of  their  dam,  who  continues  for  fome  time 
to  beftow  her  attention  on  them,  and  to  tranfport  thenv 
with  her  wherever  ihe  goes. 

Another  fpider  lodges  her  eggs  in  a little  filk  purfe, 
which  file  wraps  up  in  a leaf.  She  fixes  herfelf  on  this' 
purfe,  and  fits  on  her  eggs  with  amazing  affiduity, 
Another,  to  conclude*  enclofes  her’s  in  two  or  three 
little  filk  balls,  which  Ihe  fufpends  by  threads  ; but 
has  the  precaution  to  hang  before,  at  a fmall  diftance, 
a little  bunch  of  dry  leaves,  to  conceal  them  from  the 
infpedion  of  the  curious.  , •• 

5 Divers  fpecies  of  folitary  flies  are  not  lefs  to  be’ 
admired,  as  well  for  their  foreiight  in  amafling  provi- 
fions  for  their  little  ones,  as  for  the  art  difplayed  by. 
them  in  the  nefts  they  prepare  for  their  reception.  The 
mafon  bee,  fo  called  becaufe  like  us,  fhe  underftands 
the  art  of  building,  performs  fuch  works  in  mafonry,* 
as  one  would  imagine  muft  greatly  furpafs  the  ftrength 
of  a fly.  With  fand,  collected  grain  by  grcfin,  and 
glued  together  with  a kind  of  cement  much  preferable  • 
to  ours,  fhe  ereds  a houfe  for  her  family  : a very  Am- 
ple one  indeed,  but  extremely  folid  and  commodious. 


Xt  is  divided  within  into  feveral  chambers  or  cabins,  on 
the  back  of  each  other,  without  any  communication 
between  them.  One  general  foldage,  a wall  of  en- 
clofure  comprehends  them  all,  and  leaves  no  opening 
without.  This  wall  muft  he  broke  before  the  apart- 
ments can  be  feen,  and  it  is  found  to  be  as  hard  as 
a Hone.  Thefe  nefts  are  very  common  on  the  fronts 
- of  houfes  : they  there  refemble  little  oval  hillocks,  of 
*a  different  grey  from  that  of  the  ftone.  The  fly  that 
is  the  architect  of  thefe  buildings  depofits  an  egg  in 
each  chamber,  and  (burs  up  in  it  at  the  fame  time  a 
flock  of  wax  or'  pafte,  which  is  the  nourifliment  ap- 
propriated to  her  young. 

• Another  fly,  which  may  be  called  the  carpenter  bee  *, 
becaufe  flie  works  in  wood,  likewife  builds  apartments 
for  her  family,  but  in  a different  taile  from  that  of  the 
mafon.  Sometimes  flie  diftributes  them  into  ftages ; 
fometimes  difpofes  them  in  a row.  Ceilings  or  parti- 
tions, artfully  made,  feparate  all  thefe  ftages  or  cham- 
bers, and  there  is  an  egg  depofited  in  each  of  them, 
with  the  quantity  of  pafte  neceffary  for  the  young. 

\ 

6.  Thefe  various  kinds  of  work  require  in  general 
lefs  {kill  and  genius  than  labour  and  patience.  There 
is  a very  different  degree  of  art  and  fagacity  difplayed 
in  the  neft  conftru&ed  by  another  fly  with  Angle  pieces 
of  leaves  only.  This  neft  is  a real  prodigy  of  indus- 
try. When  it  is  taken  to  pieces,  and  narrowly  exa- 
mined in  all  its  parts,  one  cannot  conceive  how  a fly 
fliould  be  able  to  cut  them  out,  turn,  and  put  them 
together  with  fo  much  propriety  and  exa&nefs.  When 
viewed  on  the  outfide,  this  neft  very  much  refembles 
a tooth-pick  cafe.  The  infide  is  divided  into  feveral 
little  cells,  in  the  form  of  a thimble,  fet  in  one  another 
as  thimbles  are  in  a tradefman’s  {hop.  Every  thimble 
confifts  of  feveral  pieces,  which  are  Separately  cntfrom 
one  leaf,  and  whofe  form,  circumference,  andpropor- 
tlons  tally  with  the  place  each  is  intended  to  occupy 
The  fame  method  is  ufed  with  refpeft  to  the  pieces 
that  form  the  cafe  or  common  cover.  In  a word, 

A’ 
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there  is  fo  much  eSa&nefs^  fymmetry,  uniformity,  anJ 
(kill  in  this  little  matter-piece,  that  we  fhould  not  be* 
lieve  it  to  be  the  work  of  a fly,  did  we  not  know  at 
what  fchool  Ihe  learnt  the  a<tt  of  conftru&ing  it.  We 
may  naturally  conjecture  that  each  thimble  is  a lodging 
for  a little  one ; but  we  could  not  have  imagined  that 
the  pafte  which  the  mother  provides  for  it  is  almott  li* 
quid,  and  that  the  little  cell,  which  is  entirely  com* 
pofed  of  fmall  pieces  of  leaves,  is  notwithftanding  a 
Yeffel  fo  well  clofed  up,  that  this  pafte  never  fpills, 
even  When  the  velTel  is  ftooped. 

7.  Many  brutes  a<ft  in  concert  with  each  other.  A 
drove  of  oxen  is  grazing  in  a meadow : a wolf  ap* 
pears  s they  immediately  form  into  a battalion,  and 
prefent  their  horns  to  the  enemy.  This  warlike  difpo* 
fition  difconcerts  him,  and  obliges  him  to  retire, 

4 

* \ ' 

In  winter,  hinds  and  young  ftags  affemblein  herds, 
in  the  more  numerous  companies  as  the  feafon  happens 
to  prove  fevere.  They  warm"  each  other  with  their 
breath.  In  the  fpring  they  feparate,  the  hinds  con- 
cealing themfelves  in  order  to  bring  forth*  The  young 
harts  remain  together,  love  to  walk  in  company,  ana 
are  only  parted  by  neceffity. 

Sheep  that  are  expofed  to  the  fultry  heat  of  the 
dog-days  in  an  open  plain,  keep  near  each  other,  fo 
that  their  heads  touch  ; they  hold  them  inclined  to- 
wards the  earth,  and  i'nuff  up  the  frelh  air  which* 
comes  from  beneath  them. 

\ , . * y 
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Wild  ducks,  that  are  accuftomed  to  change  their 
climate,  range  themfelves  in  their  flight  in  the  form  of 
a wedge,  or  an  inverted  V,  that  they  may  cleave  the 
air  with  the  greater  eafe.  The  duck  at  the  extreme- 
point  leads  the  flight,  and  cleaves  the  air  firft  of  all. 
After  a certain  time  he  is  relieved  by  another,  the  fe* 
cond  in  his  turn  by  a third,  & c.  In  this  manner  each 
bears  a (hare  in  the  laborious  part  of  this  office.  *-.» 

I * * * 

8.  Animals  to  whom  the  company  of  their  own*, 

kind  is  ufeful,  have  been  rendered  fit  for  this  com* ' 
. merce. 
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merce.  And  if  the  Author  of  Nature  had  man  in 
■view  with  refpect  to  this  particular,  as  we  may  without 
pride  fuppofe,  the  means  will  be  found"  to  correfpond 
perfectly  well  with  the  end.  In  effect,  how  many  em- 
barraffments  and  inconveniencies  would  have  accom- 
panied the  diyers  fervices  we  deduce  from  domeftic 
animals,  if  individuals  of  the  fame  fpecies  had  not 
power  to  cohabit  together ! 

..  : . • *•*’'  ijf  ■ • .• ; -V  ' • - *• 

The  fpirit  of  fociety  is  not  altogether  limited  to  in- 
dividuals of  the  fame  fpecies,  but  extends  likewife  in 
a certain  degree  to  thofe  of  different  fpecies,  and  from 
thence  man  alfo  derives  fome  advantage.  The  cuftom 
of  feeing  each  other,  of  eating  their  meals  in  common# 
of  repofing  under  the  fame  roof,  confirms  the  natural 
dilpofition  of  domeftic  animals  to  live  in  fociety.  The 
connections  which  refult  from  it  become  fo  much  the 
ftronger,  as  they  begin  earlier  or  nearer  to  their  birth. 
Thus  animals  that  are  not  appointed  to  live  together, 
may  notwithftanding  form  a fort  of  fociety : the  natu- 
ral inclination  each  of  them  has  to  live  with  thofe  of  a 
like  kind,  is  fufceptible  of  modification  or  extenfion. 

Every  individual  knows  his  like  ; thofe  of  the  fame 
fociety  likewife  know  them.  It  is  obfervable,  that  if 
ftrange  fowls  are  brought  into  a poultry-yard,  thofe  of 
the  place  will  perfecute  them,  till  cohabitation  has  made 
them  members  of  the  fociety. 

' ■ * ■ ’ **  . V . * ' , ~\ 

The  outfide  of  the  body  exhibits  divers  characters, 
by  means  of  which  individuals  of  the  fame  fociety 
may  know  each  other,  and  diftinguifh  ftrange  indivi- 
duals. But  among  thefe  phyfical  characters,  there 
may  be  fome  mixed  ones,  or  fuch  as  belong  as  much 
to  the  foul  as  the  body,  which  the  animals  of  the  clafs 
we  are  treating  of,  are  capable  of  feizing  ; fuch  are  the 
air,  pofture,  gait.  The  individuals  of  that  fpecies 
which  are  not  yet  become  familiar  in  their  new  habi- 
tation, feem  fearful  or  embarrafled  ; this  tear  or  em- 
barraflment  detects  them,  and  excites  or  encourages 
others  to  attack  them.  - 

That  kind  of  fociety  in  which  domeftic  animals  live, 

E’ves  room  for  a remarkable  obfervation  ; the  young 
mb  diftinguilhes  her  mother  from  amongft  3 or  400 

- ' fheep, 
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fheep,  although  there  does  not  appear  to  be  any  fend* 
ble  difference  betwixt  them. 

9.  Nothing  is  more  wonderful  than  thofe  legions  of 
flying  creatures,  that  at  a ftipulated  time  pafs  from  one 
to  other  very  remote  countries.  What  indindt  affem- 
bles  them  ? What  compafs  diredls  them  ? What  chart- 
points  out  their  way  ? We  prefently  conceive  that  the 
change  of  the  feafon,  and  the  want  of  fuitable  nou- 
rifhment,  advertife  thefe  different  fpecies  of  birds  to 
fhift  their  abode.  But  whence  did  they  learn  that  they 
fhould  meet  with  in  other,  regions  a climate  and  ali- 
ment proper  for  them  ? In  order  to  be  able  to  anfwer 
thefe  queftions,  and  all  fuch  as  may  be  afked  on  this 
intereding  fubjedt,  we  fhould  carefully  examine  every 
circumdance  that  attends  the  marches  of  thefe  birds* 
The  degree  of  cold  or  heat  that  accelerates  or  retards 
them,  deferves  to  be  particularly  attended  to;  for 
there  is  no  room  to  doubt  that  they  are  mod  of  all  in- 
fluenced by  this.  There  is  perhaps  a fecret  relation 
between  the  temperature  which  fuits  with  certain  fpe- 
cies, and  that  which  is  necelfary  for  the  produdtion  of 
the  food  that  nourifhes  them. 

But  we  have  not  carried  our  inquiries  deep  enough 
into  thefe  different  fpecies  of  birds  and  fifhes  of  paA 
fage. 

10.  Among  the  focieties  of  brutes  improperly  fo 

called,  fome  depend  on  chance,  or  on  the  agency  of 
xriesir  if  not  altogether,  at  leail  in  part.  It  is  not  fo 
with  refpedt  to  focieties  properly  fo  called.  They  do 
not  owe  their  origin  to  any  human  adl,  but  folely  to 
nature.  The  members  that  compofe  them  are  not  only 
united  by  common  neceflities,  and  that  for  a fhort 
time  ; but  they  are.fo  by  a much  ftronger  tie,  which 
fubfifts  to  the  death  of  the  animal,  or  at  lead  during 
a confiderable  part  of  its  life;  I mean,  the  natural* 
prefervation  of  the  individual,  or  that  of  its  family. 
Both  die  one  and  the  other  are  neceffarily  attached  to 
the  date  of  fociety.  It  is  for  this  great  end  that  thefe 
different  fpecies  of  focial  animals  have  been  inftrudted 
to  labour  in  common  on  works  fo  worthy  of  admi- 
ration. "V  C 3 > Societies 


I 


******** 


<4 


I 


/ 

I 


(SB  ) 

Societies  properly  fo  called  may  be  divided  into 
two  claffes : the  firft  comprehends  thofe  whofe  princi- 
pal end  is  limited  to  the  prefervation  of  individuals  ; 
the  fecond,  thofe  whofe  fcope  is,  the  prefervation  of 
individuals,  and  education  of  their  young. 

Several  fpecies  of  caterpillars  and  fome  fpecies  of 
worms  belong  to  the  former  of  thefe  two  dalles  ; ants, 
wafps,  bees,  beavers,  to  the  fecond. 

The  firft  clafs  will  have  under  it  two  principal  forts  ; 
one  of  which  will  comprehend  temporary  focieties ; 
the  other,  focieties  for  life. 

» x . • 

11.  A butterfly  depofits  her  eggs,  about  the  middle 

of  fummer,  on  the  leaf  of  a plumb-tree ; the  number 
of  thefe  eggs  is  three  or  four  hundred.  After  fome 
days,  there  iflues  from  each  of  them  a very  fmall  ca- 
terpillar. They  are  fo  far  from  difperfing  themfelves 
on  the  adjoining  leaves,  that  they  all  continue  together 
on  that  whereon  they  firft  received  their  being : the 
fame  fpirit  of  fociety  unites  them.  They  apply  them- 
felves immediately  in  concert  in  the  fpinning  of  a web, 
which  at  firft  is  very  thin,  but  they  afterwards  make  it 
ftronger,  by  gradually  adding  new  threads  to  it.  This 
web  is  a real  tent  fpread  upon  the  leaf,  under  which 
the  young  caterpillars  fhelter  themfelves.  As  they  in- 
creafe  in  bulk,  they  extend  their  lodging  by  freth  layers 
of  leaves  and  filk.  The  fpaces  contained  between 
thefe  layers  are  apartments,  all  of  which  communicate 
by  doors  made  on  purpofe.  In  this  neft  they  pafs  the 
winter,  placed  near  each  other,  without  motion,  till 
the  returning  fpring  enlivens  them,  and  invites  them 
to  brouze  on  the  fprouting  leaves.  Laftly,  towards 
the  month  of  May,  the  fociety  is  diflolved  ; every  ca- 
terpillar feparates  from  his  companion,  and  fpends  the 
remainder  of  his  life  in  folitude.  Being,  then  become 
ftronger,  a ftate  of  fociety  is  no  longer  neceflary  for 
them.  1 

- + v f ^ 

12.  The  caterpillars,  that  live  on  \the  oak,  and  whole 
focieties  are  much  more  numerous  than  thofe  of  the 
common,  are  very  lingular  in  their  proceedings. 
They  fet  out  from  their  neft  at  fun-fet,  and  march  in 

proceffion. 
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proceffion,  tinder  the  conduct  of  a chief,  whofe  motions 
they  follow.  -The  ranks  are  at  firft  compofed  only  of 
I one  caterpillar,  afterwards  of  two,  three,  four*  and 

fometimes  more.  The  chief  has  nothing  in  him  that 
may  diftinguilh  him  from  the  reft,  but  by  being  tha 
firft,  and  that  he  is'  not  conftantly,  becaufe  every  other 
caterpillar  may  in  his  turn  occupy  the  fame  place. 
After  having  taken  their  repaft  on  the  leaves  around 
them,  they  return  to  their  neft  in  the  fame  order ; and 
this  continues  during  the  whole  life  of  the  caterpillar.' 
When  they  have  arrived  to  their  full  growth,  each 
forms  for  himfelf  a cone,  where  it  is  transformed  into 
a chryfalis,  and  afterwards  aflumes  the  form  of  a but- 
terfly. Thefe  metamorphofes  caufe  a new  kind  of  life 
to  fucceed  to  the  ftate  of  fociety,  which  is  very  diffe- 
rent from  the  primitive  one. 

This  is  an  example  of  focieties  for  life,  whole  prin- 
cipal end  is  the  prefervation  of  individuals. 

13.  There  are  fc  veral  kinds  of  caterpillars  that  ar£ 
true  republicans,  and  wliofe  difcipline,  manners,  and* 
genius,  diverfify  them  as  much  as  thofe  of  different 
people.  Some  of  them,  like  favages,  make  themfelves 
hammocks,  in  which  they  take  their  meals,  and  even 
' ' pafs  their  whole  lives.  Others  live  like  the  Arabs  and 

Tartars,  in  tents,  .which  they  erefl  in  the  meadows; 
and  when  they  have  confumed  all  the  herbs  that  grew 
• about  them,  they  go  away  and  pitch  their  camp  elfe- 
where. 

The  nefls  which  the  republican  caterpillars  make  for 
themfelves  are  perfect  retreats ; they  are  fcreened  in 
them  from  the  inj  uries  of  the  air,  and  are  all  clofely 
v ftut  up  in  times  of  inaftion  or  idlenefs.  But  they  go 

out  at  certain  hours  to  feek  their  nourifliment.  They; 
feed  on  the  leaves  which  furround  them*  which  they 
confume  one  after  another.  They  often  go  to  a great 
diftancefrom  their  dwelling,  and  by  different  turnings. 
However,  they  can  always  find  it  again,  when  they* 
have  occafion.  Nature  has  provided  them  with  a me*' 
thod  for  regaining  their  lodging,  which  anfwers  ex- 
actly to  that  ufed  by  Thefeus  for  fetching  Ariadne  out 
of  the  labyrinth.  We  pave  our  ways ; our  caterpillars 
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line  theirs  with  tapeftry.  They  never  walk  but  on  filk 
carpets.  All  the  paths  that  lead  to  their  neft  are  co- 
vered with  filk  threads.  Thefe  threads  form  tracks  of 
a gloffy  white,  which  are  at  lead  two  or  three  lines  in 
width.  By  purfuing  thefe  tracks  in  a row,  they  never 
lofe  their  way,  how  intricate  foever  the  turnings  and 
windings  of  their  paffage  may  be.  By  putting  a fin- 
ger on  the  track,  we  fhould  intcrfedl  the  path,  and 
throw  the  caterpillars  into  the  greateft  perplexity. 
They  flop  on  a fudden  at  this  place,  and  exprefs  all 
the  figns  of  fear  and  diflruft.  Their  march  is  fuf- 
pended,  fill  fome  caterpillar,  more  bold  than  the  reft, 
croffes  over  the  fpoiled  path.  The  thread  fhe  fpreads 
in  crofting  ferves  as  a bridge  for  the  next  to  pafs  over. 
This  in  palling  fpreads  another  thread  ; a third  ano- 
ther, and  thus  the  way  is  foon  repaired. 

; * \ 
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Yet  there  is  a great  difference  between  the  method 
of  the  republican  caterpillars,  and  that  of  Thefeus. 
They  do  not  fpread  a carpet  over  their  paths,  to  pre- 
vent their  miffing  their  way ; but  they  do  not  mifs 
their  way,  becaufe  they  fpread  fuch  a carpet.  They  * 
Ipin  continually,  becaufe  they  have  always  occafion  to' 
evacuate  the  filky  matter,  which  their  nouriffiment 
produces  again,  and  which  is  enclofed  in  their  intef- 
tines.  'By  fatisfying  this  want,  they  are  affured  of 
being  in  the  right  path,  without  attending  to  it.  The 
conftru&ion  of  the  neft  is  likewife  connected  with  this 
want.  Its  archite&ure  is  adapted  to  the  form  of  the 
animal,  to  the  ftruCture  and  exercife  of  his  organs, 
and  to  his  particular  circum fiances. 

14.  Ants  feek  their  provifions  and  aliment  at  a great 
diftance  from  their  abode.  Various  paths,  which  are 
often  very  winding  and  intricate,  terminate  at  their 
neft.  The  ants  pafs  over  them  in  rows,  without  ever 
miffing  their  way,  any  more  than  the  republican  ca- 
terpillars. t Like  the  latter,  they  leave  tracks  wherever 
they  pafs.  Thefe  are  not  difcernible  to  the  eye  ; they 
are  much  more  fenfible  to  the  fmell ; and  it  is  well 
Jcnown  that  ants  have  a very  penetrating  one.  How- 
ever, if  we  draw  a finger  feveral  times  backwards  and  ' 
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forwards  along  the  wall  by  which  the  ants  pafs  and  re- 
pafs  up  and  down  in  row's,  they  will  be  flopped  on  a 
fudden  in  their  march,  and  it  will  afford  fome  amufe- 
ment  to  obferve  the  perplexity  they  are  in.  It  will 
happen  in  the  fame  manner  with  regard  to  the  procef- 
fions  of  thefe  ants,  as  has  been  before  related  concern- 
ing thofe  of  the  caterpillars. 

15.  The  fight  of  a bee-hive  is  certainly  one  of  the 
fine  ft  that  can  offer  itfelf  to  our  eyes.  There  appears 
in  it  an  aftonifhing  air  of  grandeur.  One  can  never  be 
weary  of  contemplating  thefe  work-fhops,  where  thou- 
fands  of  labourers  are  conftantly  employed  in  diffe- 
rent works.  We  are  ftruck  in  a particular  manner 
with  the  geometrical  exarftnefs  of  their  works ; as  we 
likewife  are  at  the  fight  of  their  magazines,  which  are 
replenilhed  with  every  thing  neceffarv  for  the  fupport 
of  the  fociety  during  the  rigorous  feafon.  We  like- 
wife flop  with  pleafure  to  behold  the  young  ones  in 
their  cra3les,  and  to  obferve  the  tender  care  of  their 
nurfing  mothers  towards  them. 

But  what  chiefly  attrafts  the  attention,  is  the  queen  : 
the  flownefs,  I had  aim  oft  faid  gravity,  of  her  march, 
her  ftature,  which  is  a more  advantageous  one  than 
that  of  the  other  bees,  and,  above  all,  the  various  ho- 
mage paid  her  by  the  reft.  We  can  fcarcely  believe 
what  our  eyes  are  witneffes  of,  in  the  regard  and  affi- 
duities  of  the  neuters  for  this  beloved  queen.  But  our 
amazement  is  greatly  heightened  when  we  fee  thefe 
laborious,  aftive  infe&s  entirely  ceafe  from  their  la- 
bour, and  fuffer  themfelves  to  perifh,  as  foon  as  they 
are  deprived  of  their  fovereign. 

By  what  fecret  engagement,  by  what  law  fuperior 
to  that  whereby  each  individual  provides  for  its  own 
prefervation,  are  the  bees  attached  to  their  queen  in 
fuch  a degree,  as  abfolutely  to  negletf  the  care  of 
their  own  lives,  when  they  happen  to  be  feparated 
from  her  ? This  law  feems  to  be  nothing  more  than 
the  grand  principle  of  the  prefervation  of  the  fpecies : 
the  neuters  do  not  engender ; but  they  know  that  the 
queen  enjoys  that  faculty : they  conftrutt  thofe  cells, 

who fe 


( 62  y 

vhofe  proportions  we  fo  much  admire,  for  the  recep* 
tion  of  the  eggs  fhe  is  ready  to  lay.  Nature  has  in- 
flru&ed  them  as  much  with  regard  to  the  young  that 
is  to  be  hatched  from  them,  as  fhe  has  the  mothers  of 
other  animals  in  favour  of  their  offspring. 

16.  Of  all  animals  that  live  in  fociety,  none  ap- 
proach nearer  to  human  underftanding  than  beavers. 
We  are  at  a lofs  to  determine  what  is  mod  worthy  of 
admiration  in  their  labours,  whether  the  grandeur  and 
folidity  of  the  undertaking,  or  prodigious  art,  fine 
views,  and  general  defign  fo  excellently  difplayed 
throughout  every  part  of  their  execution.  A fociety 
of  beavers  feem  to  be  an  academy  of  engineers,  that 
proceed  on  rational  plans,  which  they  rectify  or  mo- 
dify as  they  judge  neceffary,  purfuing  them  with  as 
much  conftancy  as  precifion  ; all  are  animated  by  the 
fame  fpirit,  and  unite  their  will  and  ftrength  for  the 
promoting  one  common  end,  which  is  always  the  ge- 
neral good  of  the  fociety.  In  a word,  we  mult  be  wit- 
nefi’es  of  their  performances,  before  we  can  judge 
them  capable  of  them.  A traveller  that  is  ignorant  of 
them,  and  happens  to  meet  with  their  habitations, 
will  think  he  is  among  a nation  of  very  induftrious 
favages.  f 

The  mole  or  bank  which  they  raife,  is  a work  of 
immenfe  labour,  and  it  is. inconceivable  how  brutes  are, 
able  to  projedt,  begin,  and  complete  it.  Reprefent  to 
yourfelf  a river  of  fourfcore  or  a hundred  feet  in 
width:  Their  firft  bufmefs  is,  to  break  the  force  of 

the  current.  The  beavers  then  throw  up  a bank  or 
caufeway  eighty  or  a hundred  feet  in  length,  by  ten  or 
twelve  feet  at  its  balfe.  Nothing  is  more  certain  than 
this,  nor  lefs  likely ; and  when  we  have  repeatedly 
leen  it,  we  are  ilill  willing  to  renew  our  infpedtion  of  itf 
in  order  to  enforce  our  belief. 

1 The  moft  confiderable  towns  of  the  beavers,  confifl . 
of  twenty  or  twenty-five  lodgments,  though  fuch  are 
but  rare.  The  moft  common  have  only  ten  or  twelve. 

Each 
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Each  republic  has  its  peculiar  diftrid,  and  admits  of 
no  accidental  guefts. 

When  any  great  inundations  damage  the  edifices  of 
the  beavers,  all  the  focieties  without  exception  unite 
together  for  making  the  neceflary  repairs*  If  hunters 
declare  a cruel  war  againft  them,  and  entirely  deftroy 
their  banks  and  cottages,  they  difperfe  themfelves 
about  the  country,  betake  themfelves  to  a fclitary 
life,  dig  burrows  or  trenches  under  ground,  and  ne- 
ver (hew  any  marks  of  that  induftry  we  have  been  ad- 
miring. 

17-  Beavers  feem  to  be  formed  with  a view  to  con- 
found our  reafonings.  Their  affociating  themfelves 
into  great  bodies,  for  working  in  concert  on  their  im- 
menfe  works  ; their  feparating  into  little  families,  or 
particular  focieties,  charged  with  the  conftrudion  of  the 
huts ; the  nature  of  thefe  works,  their  extent,  folidity, 
propriety,  and  appropriation  fo  conducive  to  one  ge- 
neral end,  comprehending  fuch  a number  of  fubordi- 
nations : in  a word,  their  almoft  perfect  refemblance 
with  works  ereded  by  men  with  the  fame  intent;  all 
concur  to  give  the  labour  of  the  beavers  an  undoubtea 
fuperiority  over  that  of  the  bees.  In  fad,  to  fell  trees 
chofen  on  purpofe,  to  lop  them,  and  cut  off  their 
projections,  to  make  great  crofs  pieces  of  timber  of 
them,  difpofmg  them  in  their  proper  places  ; to  cut 
fmaller  trees  like  (takes,  plant  feveral  rows  of  thefe 
(takes  in  a river,  and  interlace  them  with  branches  of 
trees,  in  order  to  (Irengthen  and  conned  them  toge- 
ther ; to  make  mortar,  and  with  it  folidly  to  compad 
the  infide  of  the  pile : and  to  all  this  to  add  the  form, 
proportions,  and  folidity  of  a great  bank  ; to  form 
fiuices  thereon,  and  open  or  (hut  them  according  to 
the  water’s  elevation  or  abatement ; to  build  behind 
the  bank  little  houfes  one  or  more  (lories  high,  founded 
on  an  entire  pile-work  ; to  build  them  folidly  without, 
and  incruft  or  cement  them  within  by  a layer  of  plaif- 
ter,  applied  with  equal  exadnefs  and  propriety ; to 
cover  the  flooring  with  a verdant  tapeftry ; to  contrive 
lights  and  outlets  in  the  walls,  for  different  purpofes  ; 

to 
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to  erect  magazines,  and  fupply  them  with  ptovifions ; 
to  repair  with  diligence  whatever  breaches  may  hap- 
pen to  the  public  works,  and  re-unite  themfelves  into 
one  grand  body  for  the  effecting,  in  common  thefe  re- 
parations; are  aftonilhing  marks  of  induftry,  which 
leem  to  imply  in  the  beavers  a ray  of  that  light,, 
which  raifes  man  fo  far  above  the  reft  of  the  animal 
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Continuation  of  the  Industry  of  Animals , 

l.TTTE  fhall  in  the  next  place  treat  of  the  proceed- 
V V ings  of  folitary  animals.  If  they  do  not 
affeft  that  extraordinary  air  of  reflection  and  prudence, 
that  brightnefs  of  genius,  and  that  appearance  of  po- 
licy and  legiflation  which  we  admire  in  fociable  ani- 
mals, they  neverthelefs  attract  our  regard,  either  by 
their  fimplicity  and  fingularity,  or  their  diverfity  and 
appi'opriation  to  one  common  end,  for  the  attaining  of 
which  they  ufe  the  ingenious  and  natural  means.  After, 
having  contemplated  the  government,  manners,  and 
labours  of  a republican  community,  we  may  ftill  find 
fome  pleafure  in  confidering  the  life  and  occupations 
of  a folitary  one,  thus  palling  from  the  monuments  of 
Rome  to  the  cottage  of  a Robinfon.  ,Thofe  works 
that  are  performed  by  the  fociable  animals,  and  which  . 
aftonilh  us  as  much  by  their  fize,  as  By  the  beauty  of 
their  difpofition,  refult  from  the  concurrence  of  a num- 
ber of  individuals.  They  all  pafs  through  various 
hands:  fome  fketch  them,  others  bring  them  to  a 
greater  perfection,  and  a third  fort  finilh  them.  The . 
works  of  folitary  animals  fpring  from  one  head  only  ; 
and  the  fame  hand  that  begins  them,  continues, 

finifhes. 
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flmfhes,  and  repairs  them.  Each  individual  has  his 
particular  talent  and  degree  of  (kill,  whereby  he  pro- 
vides for  his  own  fubfiftence,  and  furnifhes  himfelf 
with  all  neceflaries. 

We  will  here  confine  ourfelves  to  the  proceedings  re- 
lative to  the  metamorphofis : this  is  an  affair  of  great 
importance  for  one  of  our  hermits  to  prepare  himfelf 
for,  the  moft  interefting  to  him  of  any  during  his 
whole  life.  Caterpillars  alone  exhibit  to  us  the  exam- 
ples of  aim  oft  all  the  proceedings  which  nature  has 
taught  to  infects  of  this  kind.  We  will  limit  our  exa- 
minations to  this  clafs  in  particular. 

2.  There  are  fome  caterpillars  whofe  bodies  are  fup- 
ported  by  a prop,  and  nature  has  taught  them  the  me- 
thod of  effeding  this.  They  wind  a girdle  round  their 
body,  compofed  of  a number  of  filk  threads  collected 
together,  whofe  ends  are  fixed  to  the  prop  that  fuftains 
them.  By  this  means  they  faften  their  hind  legs  in  a 
little  heap  of  filk.  It  is  eafy  to  imagine  after  this, 
that  the  chryfalis  mult  be  tied  and  grappled  as  the  ca- 
terpillar was.  The  girdle  is  loofe,  and  leaves  the 
chryfalis  fufficient  room  to  perform  its  little  operations, 
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3.  Other  caterpillars  form  cones.  Some  of  thefe 
give  their  cone  a more  exquilite  form,  fo  as  to  refemble 
that  of  an  inverted  boat.  The  cone  of  a filk-worm  is 
made,  if  we  may  be  allowed  the  expreffion,  of  a fin-, 
gle  piece.  The  cones  made  boat-wife  confift  of  two 
principal  parts,  fhaped  like  fhells,  and  joined  together 
with  great  fkill  and  propriety.  Each  Ihell  is  worked 
feparately,  and  formed  of  an  almoft  infinite  number  of 
very  minute  filk  rings.  On  the  fore-part  of  the  cone, 
which  reprefents  the  hind-part  of  the  boat,  is  a ledge 
that  juts  out  a little,  in  which  we  may  perceive  a very 
narrow  crevice,  which  denotes  the  aperture  contrived 
for  the  exit  of  the  butterfly.  By  means  of  that,  the 
two  ftiells  may  part  afunder,  and  leave  room  for  the 
butterfly  to  pafs  through  them.  They  are  conftru&ed 
and  put  together  with  fo  much  art,  that  they  are  of 
the  nature  of  a fpring,  and  the  cone  from  wrhence  the 
butterfly  has  lately  iflued  appears  as  clofe  as  that  which 
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it  ftill  inhabits.  By  this  ingenious  artifice  the  butterfly 
is  always  free,  and  the  chryfalis  in  fafety.  We  {hall 
, hereafter  come  to  treat  of  proceedings  which  are  ana-* 
logous  to  thefe,  but  more  lingular. 

4.  Our  fpinners  have  not  all  an  equal  provifion,  yet 
all  feem  to  endeavour  at  concealing  themfelves  from 
fight.  Such  as  are  not  rich  enough  to  make  them- 
felves a good  lodgment  of  filk,  fupply  the  want  of  it 
by  different  matters  of  a coarfer  or  finer  texture,  which 
they  are  fufficiently  fkilfiul  to  caufe  to  contribute  to- 
wards the  conftru&ion  of  the  lodge.  Some  content 
themfelves  with  giving  it  a covering  of  leaves,  which 
they  connect  together  without  any  art.  Others  do  not 
confine  themfelves  to  the  amafling  thefe  leaves,  and 
difpofing  them  indifcriminately  ; but  range  them  with 
a kind  of  regularity.  Others  think  proper  to  powder 
the  whole  of  their  cone  with  a matter  they  yield  from 
behind  them,  and  which  they  caufe  to  penetrate  be- 
twixt the  thread.  Others  ftrip  themfelves  of  their 
tialrs,  and  form  a mafs  of  a mixture  of  filk  and  hairs. 
Others,  after  having  ftripped  themfelves,  plant  their 
long  hairs  about  them,  and  make  of  them  a fort  of 
cradle-fence.  Others  add  a greafy  matter,  which  they 
procure  from  their  infide,  to  the  filk  and  hairs ; with 
this  they  ftopup  the  rings  of  the  weft,  and  it  feivesas 
a vamifh  for  them.  Others  thruft  themfelves  into  fand 
or  fmall  gravel,  and  there  conftruft  for  themfelves 
cones  of  fand,  whofe  grains  are  connected  with  the 
filk.  Others,  laftly,  which  have  no  filk,  pierce  the 
earth,  make  a cavity  in  it  like  a cone,  and  fmear  the 
fides  of  it  with  a kind  of  glue  or  pafte. 

Another  fpecies,  which  is  far  more  induftrious  than 
the  former,  perform  a work  which  we  cannot  too 
much  admire.  You  have  lately  feen  defcribed  thofe 
cones  which  refemble  an  inverted  boat : this  is  like- 
wife  the  form  that  this  fpecies  give  to  their  cone  ; but 
they  do  not  make  it  entirely  of  filk. ' They  ftrip  off 
little  pieces  of  bark  with  their  teeth,  of  a re<Sangular 
figure,  nearly  even  and  alike,  and  difpofe  them  with- 
al! {kill  and  propriety ; with  thefe  they  compofe  the* 
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principal  parts  of  the  cone.  Thefe  great  parts  are 
likewife  formed  of  a confiderable  quantity  of  very 
fmall  inlaid  work,  placed  end  to  end,  and  joined  to- 
gether with  filk.  In  a word,  we  are  apt  to  fancy  tha$ 
we  are  looking  at  an  inlaid  floor,  or  a piece  of  inlaid 
work* 
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5.  The  moll  folitary  of  all  infers  are,  fuch  as  live 
in  the  infide  of  fruits.  Each  fruit  lodges  only  one  ca- 
terpillar or  worm..  We  are  ignorant  of  the  caufe  of 
this  remarkable  fa<5t.  We  only  . know,  that  a curious 
obferver  having  attempted  to  caufe  caterpillars  of  this 
fpecies  to  live  together,  ihey  furioufly  engaged  each 
other  as  often  as  they  met.  It  is  then  inconteftably 
true,  that  the  difpofition  of  thefe  caterpillars  is  antifo- 
ciable.  Several  have  metamorphofed  themfelves  in 
the  very  fruit  that  has  ferved  them  for  a retreat  and 
for  provifion ; they  dig  cavities  in  it,  which  they  line 
“with  filk,  or  in  which  they  fpin  their  cones.  Others, 
which  are  the  -greater  part  of  them,  quit  the  fruit,  and 
xnetamorphofe  themfelves  in  the  earth. 

6.  Thofe  infefts  that  roll  up  or  fold  the  leaves  of 
a great  number  of  plants  are  alfo  perfect  hermits. 
This  proceeding  is  common  to  many  caterpillars. 
They  thus  procure  for  themfelves  little  cells,  which 
are  convenient  lodgings  for  them,  in  which  they  are  al- 
ways fure  to  find  nourifiunent,  for  they  eat  the  walls 
of  the  cell ; but  they  are  always  very  careful  never  to 
touch  that  part  which  is  deftined  to  cover  them.  The 
different  methods  in  which  thefe  caterpillars  lodge 
themfelves,  give  room  for  diflinguifhing  them  into  ty- 
ers,  folders,  and  rollers. 

The  art  of  the  tyers  is  in  general  the  moft  fimple.  It 
confifts  in  joining  feveral  leaves  together  with  filk 
threads,  in  order  to  for rrr  them  into  one  entire  parcel, 
in  the  centre  of  which  is  the  lodge  of  the  little  h^mit. 

The  procedure  of  the  folders  fuppofes  more  refined 
operations.  They  fold  the  leaves  either  in  the  whole, 
or  in  part.  In  the  whole,  when  the  portion  folded  is 
turned  back  fiat  upon  another  part  of  the  leaf : and  in 
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part,  when  they  only  funply  bend  the  leaf  more  #r 
lefs. 

But  the  labour  of  the  rollers  is  moft  of  all  to,  be  ad- 
mired,  They  live  in  a kind,  of  roll,  whofe  dimenfions* 
form,  and  portion  vary  in  different*  fpecies.  Some 
give  it  a cylindrical  figure ; others,  the  form  of  a 
cone,  which  is  likewife  as  well-made  as  thofe  the  gro- 
cers ufe.  The  leaf  is  always  rolled  fpirally,  or  &s  wa-  _ 
fers  are.  The  roll  or  cone  is  commonly  laid  on  the 
leaf  $ but  fometimes,  which  is  very  remarkable,  it  is 
fixed  on  it  like  a ninerpin. 

Does  my  reader  imagine  that  meelianifm  prefides 
over  the  conftrudtion  of  thefe  various  works  ? Does 
he  conceive  in  what  manner  an  infeA,  that  has  no 
claws,  is  able  to  roll  up  a leaf,  and  to  keep  it  fo  ? We 
know  in  general  that  caterpillars  fpiri  : and  can  in  fome 
tneafure  difcover,  it  is  by  the  affiftance  of  their  threads 
that  our  fkilful  rollers  caufe  the  leaves  to  take  the  form 
of  a cylindrical  or  conical  tube#  We  fee  in  effedt  par* 
cels  of  threads  difiributed  from  one  diftance  to  ano- 
ther, which  hold  the  roller  confined  to  the  leaf.  But 
how  can  thefe  threads,  which  feem  only  to  perform  the 
office  of  fmall  cables,  be  capable  of  rolling  up  the 
leaf  ? This  we  imagine  ourfelves  able  to  guefs  at,  but 
without  effedt.  We  fuppofe,  that  by  fattening  threads 
to  the  edge  of  the  leaf,  and  drawing  thefe  threads  to- 
wards her,  the  caterpillar  forces  the  edge  to  rife  and 
turn  ltfelf ; which  is  by  no  means  the  cafe.  The  ufe 
the  induftrious  infedfc  makes  of  its  ftrength,  confifts  of 
a more  refined  mechanifm.  He  fixes  a number  of 
threads  to  the  border  of  the  leaf,  but  does  not  draw  it 
td  him.  By  means  of  them  he  bends  the  other  extre- 
mity to  the  furface  of  the  leaf.  The  threads  of  one 
and  the  fame  parcel  are  nearly  parallel,  and  compofea. 
little  ribband#  By  the  fide  of  this  ribband  the  infedl* 
fpins  a fecond,  which  paffes  over  and  croffes  the  for- 
mer. This  then  is  the  fecret  of  its  mechanifm.  In 
paffing  over  the  firft  ribband  in  order  to  extend  the  fe- 
cond,. it  bears  on  the  firft  with  the  whole  weight  of  its  \ 
body  ; this  preffure,  which  tends  to  force  down  the 
ribband,  obliges  the  edge  of  the  leaf  to  which  it  is  faf- 
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tened,  to  rife.  “The  fecond  ribband,  which  is  at  th<* 
fame  time  ftruck  on  the  flat  part  of  the  leaf,  preferves 
on  the  edge  that  alteration  or  bending  which  the  infedt 
was  difpofed  to  give  it.  If' we  narrowly  examine 
thefe  two  ribbands,  their  effedl  will  be  vifible.  The  fe- 
cond will  appear  very  tight,  and  the  firft  very  flack  ; 
tlhe  reafonis  becaufe  the  latter  has  no  greater  degree  of 
adtion,  nor  indeed  ought  to  have.  You  now  compre- 
hend that  the  roll  is  gradually  formed  by  the  repetition 
of  the  fame  operations. on  different  parts  of  the  leaf. 
But  it  often  happens  that  the  coarfer  edges  refill  too 
much  ; the  iniedi  knows  how  to  weaken  them  by 
gnawing  them  here  and  there.  * In  order  to  form  a 
cone,  fame  more  performances  are  neceflary.  The 
roller  cuts  with  her  teeth,  on  the  leaf,  the  part  that  is 
to  compofe  it.  She  does  not  detach  it  altogether  from 
it ; it  would  then  want  a bafe ; (he  only  feparates  that 
part  which  is  neceflary  to  form  the  foldings  of  the  cone. 
The  part  is  properly  a flip,  which  (he  roils  as  {he  cuts 
it.  She  raifes  the  cone  on  the  leaf,  almoft  in  the  fame 
manner  as  we  eredl  an  inclined  obelifk*  She  fixes 
threads  or  little  cables  near  the  point  of  the  pyramid ; 
fhe  prelfes  on  them  with  the  weight  of  her  body,  and 
thus  forces  the  point  to  raifeitfelf.  _You  may  form  an 
idea  of  the  reft ; the  mechanifm  is  the  fame  as  that  em- 
ployed in  making  a roll. 

Thefe  cells,  in  which  the  caterpillar  lives,  ferve 
likewife  as  a retreat  for  the  chryfalis.  This  latter  would 
not  probably  be  fufficiently  well  accommodated  with  a 
bare  covering  of  leaf. , The  caterpillar  lines  the  cell 
with  filk  tapeftry.  Other  fpecies  fpin  a cone  for  them* 
felves  in.it, 

7.  Some  leaves  of  plants  are  fcarcely  thicker  than 
paper.  Would  any  one  imagine  there  were  infedis 
fliilfui  enough  to  provide  a lodging  in  fuch  thin  leaves 
as  thefe,  fo  a?  to  {belter  themfelves  from  the  injuries  of 
the  weather  ? A leaf  is  to  them  a vaft  country,  wherein 
they  make  roads  for  themfelyes  that  are  more  or  lefs 
winding ; they  mine  in  the  fubftance  of  the  leaf,  as 
our  miners  do  in  the  earth.  From  hence  alfo  they 
have  taken  the  name  of  miners  of  leaves.  They  are 
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extremely  common  : Tome  belong  to  the  clafs  of  cater- 
pillars ; others  to  that  of  worms.  They  cannot  bear 
to  be  naked  ; and  it  is  for  the  fake  of  covering  them- 
felves  that  they  iniinuate  themfelves  between  the  two 
foldings  of  a leaf.  They  find  their  fubfiflence  there  at 
the  fame  time.  They  eat  the  pulp  of  it,  and,  in  eating, 
trace  out  a way  for  themfelves.  Some  dig  there  ftrait 
or  crooked  trenches.  Thefe  are  gallery  miners.  Others 
mine  round  about  them,  in  circular  or  oblong  fpaces, 
thefe  are  miners  at  large.  Their  teeth  are  the  inftru- 
ments  the  mine  with  ; but  fome  worm-miners  dig  by 
means  of  two  hooks  refembling  our  pick-axes.  Several 
of  thole  infeds  fpin  within  the  mine,  the  cone  wherein 
✓they  are  to  transform  themfelves.  Others  quit  the 
mine,  and  metamorphofe  themfelves  elfewhere.  But- 
terflies that  proceed  from  a mining  caterpillar,  are  lit- 
tle miracles  of  nature.  She  has  lavifhed , gold,  filver, 
and  azure  upon  them ; with  other  colours  that  are 
more  or  lefs  rich ; though  we  regret  that  (he  has  not 
performed  theie  mafter-pieces  in  a more  ex  ten  live 
form. 

8.  But  miners  have  fomething  dill  more  wonderful 
to  offer  to  us.  Beftow  your  attention  on  thofe  vine 
leaves  that  are  before  you.  They  are  pierced  with 
oval  holes,  which  feem  to  be  made  in  them  by  a gimb- 
let.  The  mining  caterpillars  bored  thefe  holes,  by 
dripping  two  pieces  of  (kin  from  the  leaf,  with  which 
they  make  a cone  : that  cone  is  there  placed  perpendi- 
cularly on  a vine-prop,  at  a pretty  confiderable  dif- 
tance  from  the  leaf  that  fumi(hed  the  materials. 
How  was  it  cut,  fafliioned,  detached,  and  conveyed  } 
Let  us  not  vainly  attempt  to  guefs  this  s let  us  rather 
endeavour  to  furprife  the  indudriOus  labourer  on  her 
working  bench.  She  mines  by  way  of  gallery,  and 
eondruds  her  cone  at  the  extremity  of  the  gallery.  It 
is  compofed  of  two  pieces  of  leaf  of  an  oval  form, 
very  thin,  even,  and  like  each  other.  The  caterpillar 
prepares  thefe  places  ; makes  of  them  a thin  texture, 
by  clearing  them  of  the  pulp*  (he  models  them,  lines 
them  with  iilk,  cuts  them  with  her  teeth  as  with  fciffars, 
joins  and  unites  them.  They  already  have  no  connec* 
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tion  with  the  leaf,  not. with  (landing  which,  the  cojas 
,«loes  not  fall : the  caterpillar  has  taken  the  precaution 
to  iii (l tin  it  by  fume  threads  of  the  fame  fpecies  with 
its  border.  When  the  cone  is  Hnifhed,  the  caterpillar 
applies  herfelf  to  difengage  and  tranfport  it  from  its 
|>lace.  She  has  left  a fmall  aperture  at  one  end  of 
it.  She  caufes  her  head  to  come  out  at  this  opening, 
bears  it  forward,  feizes  a part  of  the  prop  with  her 
teeth,  and  by  an  effort  draws  the  cone  to  her.  The 
threads  that  hold  it  give  way,  and  the  caterpillar  car- 
ries her  little  houfe  about  with  her  as  the-fnail  does  her 
lhell.  Behold  her  walking  ; her  inarch  is  a new  myf- 
tery.  It  has  been  faid  that  all  caterpillars  have  at 
leaft  ten  legs;  this  is  abfolutely  without  any,  and  {hews 
us  what  an  opinion  we  ought  to  entertain  of  fuch  na- 
turalifts.  Let  us  lay  in  her  way  a finely  polifhed  glafs, 
placed  perpendicularly.  She  is  not  in  the  leaft  retard- 
ed by  this,  but  climbs  over  the  glafs  as  on  a leaf.  By 
what  fecret  art  is  {he  enabled  to  cleave  to  it,  for  fhe 
has  neither  legs  nor  claws  to  grapple  it  ? You  have 
feen  caterpillars  that  fpin  little  heaps  of  (ilk  which 
they  fix  themfelves  to.  Our  miner  fpins  the  like,  at 
certain  diftances,  according  to  the. track  fhe  is  to  paf$ 
over.  She  feizes  one  of  thefe  heaps  with  her  teeth, 
which  becomes  in  part  .a  iupport  for  her  $ (he  draws 
the  cone  to  her,  and  carries  it  towards  the  little  heap  : 
faftens  it  to  it ; thrufts  her  head  forwards.;  fpins  a fe- 
cond  heap  ; fixes  herfelf  to  fit  jp  the  .fame  mannOWas 
to  the  firft ; makes  an  effort  to  difcharge  the  cone, 
which  fhe  effects,  drags  it  towards  the  new  heap, 
fattens-  it  likewife  to  it,  .and  this  fecond  ftep  being 
taken  unravels  to  you  the  fecret  of  her  ingenious  me- 
chanifm.  -By  this  means  fhe  leaves  on  the  bodies  over 
which  fhe  pafles  little  tracks  of  filk,  which  fhe  fpins 
from  fpace  to  fpace.  When  fhe  has  arrived  at  the 
place  fhe  is  inclined  to  .fix  herfelf  at,  fhe  here  flops  the 
cone  intended  for  a habitation,  and  places  it  in  a ver- 
tical fituation.  There  afterwards  iffues  from  it  a very 
pretty  butterfly,  as.  richly  clothed,  -and  of  the  fame 
genus,  as  thofe  of  .other  miners.. 

9.  Other  infers  live  in  great  galleries  of  filk,  which 
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they  lengthen  and  widen  as  they  grow.  They  cover 
them  with  grofs  matter,  and  frequently  with  their  ex* 
crements.  They  conftrudt  thole  galleries  on  the  va- 
rious bodies  they  feed  upon,  and  which  differ  accord* 
ing  to  the  fpecies  of  the  infedt.  The  name  of  falfe 
moths  has  been  given  to  all  fuch  fpecies  as  make  thofe 
enclofures.  You  are  fenfible,  that  thole  of  true  moths 
are  portable.  The  moft  remarkable  falfe  moths  are 
fuch  as  fettle  in  bee-hives,  and  deftroy  the  combs. 
They  are  without  defenlive  arms,  and  are  only  fe- 
cured  with  a foft  and  delicate  fkin ; notwithftanding 
which  nature  has  appointed  them  to  live  at  the  ex- 
pence of  a little  warlike  people  that  are  well  armed, 
and  equally  well  difpofed  to  defend  their  fettlements. 
Our  engineers  have  frequently  recourfe  to  mines  and 
faps  in  the  reduction  of  places.  It  is  indeed  abundant- 
ly necelfary  that  our  falfe  moths  fliould  expel  in  this 
kind  of  attack,  and  their  works  prove  that  they  do. 
They  never  march  but  under  cover.  They  fcoop  long 
trenches  in  the  thick  part  of  the  combs,  in  what  direc- 
tion they  think  proper,  wherein  they  are  always  in 
fafety  from  the  enemy.  The  galleries  of  this  kind  • 
are  lined  within  with  a very  clofe  filk  tiffue,  and  co.* 
vered  on  the  outfide  with  a thick  layer  of  grains  of 
wax  and  excrements.  Thus  the  fine  works  of  the  la- 
borious bees  are  deftroyed  in  filence  by  an  enemy 
which  they  are  not  able  to  diftover,  and  that  fbme- 
times  compels  them  to  abandon  their  hive.  The  falfe 
moths  have  no  intention  to  procure  honey  : they  never 
penetrate  into  the  cells  that  contain  it.  . They  only 
eat  the  wax,  and  their  ftomach  analyfes  the  matter 
which  the  chymift  cannot  difTolve.  When  they  have 
attained  their  full  growth,  they  make  a filk  cone  at  the 
end  of  the  gallery  i which  they  never  fail  to  cover  with 
grains  of  wax.  " . • 


Other  falfe  moths  eft ablifh  themfelves  in  our  grana- 
ries, where  they  multiply  exceffively.  They  covet 
eur  moft  valuable  commodity.  They  conned:  feveral 
grains  of  corn  ; they  fpin  a little  tube  in  the  midft  of 
this  heap,  where  they  lodge.  By  that  means  they  are 
always  within  reach  pf  a plentiful  flock  of  nourifh- 
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tnent.  They- feed  at  their  pleafure  on  the  grains  of 
which  they  have  been  careful  to  form  their  cafe,  and 
which  are  like  a covering  to  it.  When  their  meta- 
morphofis  approaches,  they  abandon  this  cafe  ; they 
neftle  in  the  inner  part  of  a grain,  or  in  the  little 
cavities  they  dig  in  the  cielings  : thefe  they  line  with 
filk,  and  there  transform  themfelves  into  a chryfalis. 

10.  There  are  few  infers  which  claim  fo  good  a 
right  to  our  admiration  as  thofe  that  are  equally  Ikik 
ful  with  ourfelves  in  making  clothes,  and  that  un- 
doubtedly learned  the  art  before  us.  Like  us,  they  are 
brought  forth  naked  ; but  they  no  fooner  come  .into 
the  world,  then  they  fet  about  clothing  themfelves. 
They  do  not  all  drefs  in  the  fame  uniform  manner,  nor 
do  they  ufe  the  fame  materials  in-  their  clothing. 
There  is  perhaps  a greater  diverfity  with  refpeft  to 
this  in  the  modes  of  different  fpecies  of  moths,  than 
in  thofe  of  different  people  on  the  earth.  The  form 
of  their  drefs  is  -very  convenient : it  correfponds  ex- 
actly with  that  of  their  body. , It  is  a little  cylindrical 
cafe,  which  opens  at  both  ends.  The  fluff  is  manufafc- 
tured  by  the  moth  : the  ground  of  it  is  compofed  by  a 
mixture  of  filk  and  hair : but  this  would  not  be  foft 
enough  for  the  infe<3,  it  is  therefore  lined  with  pure 
filk.  Our  woollen  furniture  and  furs  fupply  thefe 
moths  with  the  hair  they  employ  in  manufacturing 
their  fluffs.  They  make  a careful  choice  of  thefe 
hairs  ; cut  them  with  their  teeth,  and  artfully  incorpo- 
tate  them  in  the  filk  tiflue.  TLhey  never  change -their 
clothes:  thofe  they  wore  in  their  infancy,  they  con- 
tinue to  wear  when  arrived  at  maturity.  They  can 
then  lengthen  or  widen  them  as  they  find  convenient. 
They  meet  with  no  difficulty  in  extending  them  ; this 
they  do  by  only  adding  new  threads  and  hairs  to  each 
end.  But  the  widening  them  is  not  fo  eafy  a matter. 
They  proceed  herein  exactly  as  we  do  in  the  like  cafe. 
They  flit  the  cafe  at  the  two  oppofite  fides,  and  fkil- 
fully  infert  two  pieces  of  the  width  required.  They  do 
not  flit  the  cafe  from  one  end  to  the  other : if  they 
did,  the  tides  would  ftart  afunder,  and  be  expofed .... , 
They  only  flit  each  fide  about  die  middle  of  it.  • Rea- 
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fon  itfelf  couTd  not  exceed  this.  Their  drefs  is  always  > 
of  the  colour  of  the  fluff  from  whence  it  was  taken. 
If  therefore  a moth,  whole  clothing  is  blue,  paffes  over 
a red  piece  of  cloth,  the  widths  will  be  red;  (he  will 
jpake  herfelf  a harlequin’s  habit,  if  (he  paffes  over 
cloths  or  fluffs  of  (everal  colours.  They  live  on  the 
fame  hairs  they  clothe  themfelves  with.  It  is  remark- 
able, that  they  are  able  to  digeft  them  ; and  it  is  ftill 
more  extraordinary  .that  the  colours  do  not  fuffer  the 
lead,  alteration  by  digeftion,  aqd  that  their  excrements 
are  always  of  as  fine  a tinfture  as  the  cloths  they  feed 
©n.  Painters  may  collate  from  our  moths  powders  of 
all  colours,  and  aU  Jdnds  of  (hades  of  the  fame  colour. 
They  . make  little  journies ; thofe  that  fettle  in  .cafes, 
do  not  love  to  walk  on  .long  hairs,  but  cut  all  they 
meet  with  in  their  way,  and  are  always  provided  with 
a fcythe  as  they  march.  They  reft  themfelves  from 
time  to  time,  when  they  fix  this  cafe  with  fmall  cords, 
and  thus  caufe  it  as  it  were  to  ride  at  anchor.  They 
,&&en  it  more  firmly,  when  they  are  difpofed  to  .meta- 
morphofe  themfelves.  They  dole  up  entirely  both 
ends  of  it,  in  order  to  clothe  in  it  the  form  of  a chry- 
salis, and  afterwards  that  of  the  butterfly. 

11.  Field  .moths  greatly  exceed  the  domeftfc  moths 
In  point  of  induftry.  They  take  the  fubfiance  of  their 
clothing  from  the  leaves  of  plants ; but  jt  becomes  ne- 
ceffary  for  them  to  prepare  this  matter,  and  give  it 
that  lightnefs  and  flexibility  proper  for  the  garments. 
Thefe  moths  are  of  the  fpecies  of  miners;  and  they  in- 
finuate  themfelves  betwixt  the  two  membranes  of  a leaf, 
which  are  to  them  what  a piece  of  cloth  is  to  a taylor ; 
with  this  difference,  that  the  latter  has  occafion  for  a 
pattern,  which  the  moths  can  diljpenfe  wit.  The  re? 
move  from  thefe  membranes  all  the  pulpy  fijbftance 
tbdt  adheres  to  them,  which  membranes  they  make 
thin  and  poliftn  They  afterwards  cut  in  them,  thus 
prepared,  twopieces,  which  are  nearly  equal,  and  like 
eaen  other;-  tliey  labour  to  give  diem  the  hollownefs, 
windings,  and  proportions  which  the  form  of  their 
caff?  requires,  and  this  form  is  often  .of  an  exquifite 
kind.  • They  conned  and  unite  than  with  incredible 
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{kill,  and  conclude  by  lining  them  with  filk.  They 
have  nothing  to  do  but  difengage  the  clothing  from 
within  the  leaf  where  it  was  taken  and  cut,  and  that 
requires  but  a few  efforts. 

12.  Many  field  and  aquatic  moths  do  not  prepare 
dhe  fluff  for  their  clothing.  Bits  of  wood,  little  flicks* 
fragments  of  leaves,  pieces  of  bark,  &c.  placed  on  each 
other  like  tiles,  compofe  the  external  clothing  of  the. 
cafe,  which  confifls  of  pure  filk.  At  other  times  it  is 
covered  with  gravel,  pebble-flones,  pieces  of  wood,  lit- 
tle bits  of  reed,  and  fmall  fhells  either  ef  mufcles  or 
fnails,  and,  what  is  fcarce  credible,  the  ^fnails  and 
mufcles  continue  to  live  in  thefe  fhells ; for,  being  in  a 
manner  chained  to  the  cafe,  they  are  obliged  to  follow 
the  moth,  that  carries  them  wherever  it  pleafes.  Thus 
a moth  in  its  clothing  does  not  appear  unlike  certain 
pilgrims.  Thofe  that  are  covered  with  wood,  gravel* 
ftones,  and  other  unwieldly  matters  connected  to- 
gether, pretty  nearly  refemble  a Roman-foldier  in  heavy 
armour.  You  rightly  judge,  that  fuch  kind  of  clothes 
muff  needs  be  very  roughly  formed : but  fome  of  them 
neverthelefs  look  very  pretty,  in  which  the  arrange* 
ment  of  the  .materials  makes  amends  for  their  coarfe- 
nefs.  « Aquatic  moths  reap  fome  advantage  by  drain- 
ing themfelves  in  fuch  a flrange  manner.  They  mufl 
be  always  in  equilibrio  with  the  water  in  the  midfi  of 
which  they  live.  If  their  cafe  prove  too  light,  they 
add  a little  flone  to  it ; if  too  heavy,  they  fallen  fome 
bits  of  reed  to  it.  All  thefe  moths  metamorphofe 
themfelves  in  their  cafe ; fome  into  butterflies,  others 

into  flies,  and  others  into  beetles. 

^ * 
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> Some  field  moths  borrow  no  flrange  matters  to 
clothe  themfelves  with ; they  drefs  entirely  in  filk ; but 
their  tiffue  is  much  clofer,  finer,  and  more  gloffy* 
than  that  of  themofl  beautiful  caterpillars.  It  has  a 
fliH  greater  Angularity  j being  compofed  of  little 
fcales,  like  thofe  of  fifhes,  partly  placed  on  each  other. 
The  cafe  has  fometimes  for  its  lafl  covering  a kind  of 
mantle,  which  almoft  entirely  enclofes  it,  and  is  com- 
pofed of  two  principal  pieces,  whole  figure  refembles 
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that  *f  a bivalve  fhell,  Moths  that  procure  the  matter 
for  their  clothing  from  their  own  fund,  mull  be  able 
to  lengthen  and  widen  it  at  pleafure  5 the  expence  at- 
tending the  obtaining  of  it  wras  too  great  to  admit  of 
their  making  a new  one  as  often  as  there  ftiould  be  oc- 
cafion.  So  that  they  are  able  to  enlarge  it  in  a wonder- 
ful manner.  They  do  not  add  breadths  to  it  as  the 
domeftic  moths  do  : but  flit  it  from  one  part  of  it  tp 
another,  according  to  its  length,  and  immediately  fill 
up  the  intervals  with  new'  threads,  of  a length  proper? 
tioned  to  the  fpace  required.  This  cafe  ferves  them 
likewtfe  as  a kind  of  cone,  wherein  they  transform 
themfelves  into  butterflies. 

f * " 1 • ♦ « 
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. You  have  taken  a furvey  of  the  produce  of  a multi- 
tude of  different  infelts,  and  are  with  good  reafon 
aftoniftied  at  the  prodigious  variety  contained  in  them, 
all  relative  to  one  and  the  fame  general  end,  and  all  of 
them  likewife  as  much  diverfified  as  thofe  of  our  artiT 
fans.  How  does  it  happen,  that  amongft  fo  many  in- 
felts as  prepare  themfelyes  for  their  metamorphofis, 
fome  hang  by  their  bin&part,  others  faften  themfelves 
with  a girdle,,  whilft  others  make  themfelves  cones  ? 
How  came  it  to  pafs,  that  of  thofe  that  conftrult  thefe 
cones,  fome  form  them  of  pure  filk,  and  others  com- 
pofe  them  of  matter  of  different  kinds  ? Why  is  the 
form  of  thefe  cones  fo  various  in  different  fpecies  ? 
Wherefore  do  fome  infects  fo  artfully  roll  up  the  leaves 
of  plants,  and  others  only  faften  or  fold  them  together? 
How  can  we  account  fpr  the  mining  of  thefe  leaves  by 
fome  only,  and  that  the  reft  ftiould  not  all  mine  them 
in  the  fame  manner?.  In  ftiort,  how  (hall  we  uflign  a 
reafon  why  the  moths  are  not  all  clothed  in  the  lame 
drefs  ? ... 

1 . \ ( 

All  thefe  wherefores,  and  a thoufand  others  that 
may  be  formed  on  the  produ&ions  of  nature,  are  fo 
jnany  engimas  propofed  to  beings  that  are  baniftied 
into  a corner  of  the  univerfe,  and  whofe  fight,  as  ftiort 
as  that  of  the  mple,  can  only  perceive  the  neareft  ob- 
je&s,  and  the  mod  diredt  and  mod  ftriking  relations. 
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It  behoves  lis  to  remain  in  the  place  that  has  been 
allotted  for  us*  from  whence  we  can  only  difcover  fome 
links  of  the  chain.  One  day  we  (hall  difcover  more 
of  them,  and  (hall  fee  them  more  diftin<3ly.  Mean 
while  we  may  confider  thefe  proceedings  of  infedts,  fo 
divei  fiffed  and  replete  with  i'nduftry,  as  an  agreeable 
fpedlacle  exhibited  by  nature  to  the  eyes  of  the  obferver, 
that  furnifnes  him  with  an  inexhauftible  fource  of  reflec- 
tive pleafure  and  ufeful  inftrudtion.  He  is  led  to  the 
Author  of  the  univerfe  by  the  thread  of  the  caterpillar, 
and  He  admires  in  the  variety  of  their  means,  and  in 
their  tendency  to  the  fame  end,  tire  fecundity  and  wii* 
dom  of  the  Ordaining  Mind.  ' 4 

This  fight  becomes  (till  more  interefting,  when  the 
obferver  undertakes  to  bewilder  infedts,  and  draw  them 
from  their  natural  track.  They  then  fhew  Him"  re- 
fources*  which  he  had  not  forefeen,  and  that  fiirpafs  his 
expectation.  When  falfe  moths  of  the  wax  fpecies  are 
in  waift  of  wax,  they  can  make  galleries  of  leather, 
parchment,  or  paper.  A caterpillar  has  been  feen  to 
conft'riidt  a cone  of  little  pieces  of  paper  which  have 
been  given  him,-  and  that  have  been  cut  at  pleafure. 
It  has  taken  hold  of  them  with  the  teeth  aind  fore-legs, 
tranfported  them  to  the  place  where  it  intended  to  fix, 
ranged  them  there,  faftened  them  with  threads,  laid 
fome  of  them  edge-wife,  others  flat,  forming  of  the 
whole,-  it  is  true,  an  aifembiage  that  appears  a little 
ftrange;  butanfwering  perfectly  to  a cone.  It  would 
have  given  it  a more  regular  figure,  had  it  \yorked 
with  materials  fuited  to  its  fpecies.  Ere  we  had  learnt 
to  prepare  and  drefs  woollens  and  (kins  of  animals,  the 
domeftic  moths  were  not  without  clothing.  They 
were*  then  perhaps  habited  in  the  fame  manner  as  the 
field  moths. 

14?.  We  do  not  expeCl  to  make  any  material  difcove- 
, ries  from  (hell-fiih  that  are  fhut  up  in  an  almoft  ftonv 
enclofure  ; they  feem  very  ftupid ; but  they  are  not  all 
fo  fenfelefs  as  they  appear  to  be : we  fhall  with  plea- 
fure contemplate  the  proceedings  of  fome  of  them.  - 
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Divers  fpecies  of  fea  fhell-fifh  are  fnmifhed  with  two 

pipes,  by  means  of  which  they  fuck  in  the  water,  and 
which  they  take  care  to  keep  raifed  above  the  veflel  - 

they  are  accuftomed  to  fink  into  mbre  or  lefs.  Some 
fpurt  out  the  water  to  the  difiance  of  feveral  feet. 

That  particular  part  which  in  fome  performs  the  pro- 
greflive  or  retrograde  motion,  very  much  refembles  a. 
real  leg  with  a foot  joined  to  it } but  this  leg  is  a Pro- 
teus, which  a (Tumes  all  kinds  of  forms  to  fupply  the 
neceffities  of  the  animal.  It  does  not  only  make  ufe 
of  it  to  crawl  with,  fink  into  a velfel,  or  retire  from  it ; 
but  employs  it -with  much  greater  Ikill  to  perform  a 
motion  that  one  would  not  imagine  a fhell-fifh  capable 
of.  A fhell-fifii  that  leaps,  muft  appear  very  extraor- 
dinary. It  is  a tellina  that  you  are  now  feeing.  You 
may  obferve  that  fhe  has  placed  the  (hell  on  the  top  or  , 
point.  She  ftretches  out  her  leg  as  far  as  poffible  j fhe 
caufes  it  to  take  hold  of  a confiderable  part  of  the  cir- 
cumference of  the  fhell,  and,  by  a fudden  motion,, 
fimilar  to  that  of  a fpring  that  is  flackened,  firikes 
the  ground  with  her  leg,  and  thus  leaps  to  a certain 
diftance.  ' ; 

15.  The  cutler  never  creeps : it  penetrates  perpen- 
dicularly into  the  fand.  It  there  digs  itfelf  a fort  of 
-cell,  which  is  fometimes  two  feet  long,  in  which  it  goes 
up  and  down  at  plcaiure.  Its  fhell,  whofe  form  a lit- 
tle refembles  that  of  the  handle  of  knife,  has  occafioned 
it  to  receive  the  name  of  cutler.  It  is  compofed  of 
two  long  pieces,  hollow  like  a gutter,  and  joined  to- 
gether by  membranes.  The  body  of  the  animal  is(en- 
clofed  in  a cafe.  The  part  whereby  it  exercifes  all  its 
motions,  is  placed  in  the  centre.  This  is  principally 
defigned  to  perform  the  office  of  a leg,  and  acquits 
itfelf  exceeding  well.  It  is  flefhy,  cylindrical,  and 
pretty  long.  The  extremity  of  it,  when  neceflary,  can 
roll  itfelf  up  like  a ball.  View  the  cutler  when  ex- 
tended on  the  fand.  You  behold  it  working,  in  order 
to  pierce  into  it.  It  thrufts  out  its  leg  at  the  lower 
end  of  the  fhell ; ftretches  it,  and  caufes  the  extremity**  , 
of  it  to  afiume  the  form  of  a fhovel  that  is  fharp  oa 
both  fides,  and  terminates  in  a point.  It  dire&s  it  to- 
wards 
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tCards  the  land,  and  applies  the  edge  and  point  for  Mi 
troducing  it  farther. , After  the  aperture  is'  made,  it 
extends  its  leg  ftill  more,  and  caufes  it  to  penetrate 
deeper  into  the  fand-  :'  he  bends  it  like  a hook,  with 
which  taking  hold  of  a fupport,  he  draws  the  (hell  to 
him,  forcing  it  upright  by  degrees,  and  afterward!' 
Caufes  it  to'  defcend  into  the  hole.  Is  he  difpofed  ftill 
to’continue  finktftg  ? He  thrufts  his  whole  leg  out  of 
the  (hell  $ fixes  in  the  farid  the  ball  which  is  then  at  its 
extreme  part  ';  immediately  contracts  this  leg ; his  large 
head,  which  is  ftrongly  fixed  in  the  hole,  being  lefs  in- 
clined' to'  re-afeend  thair  the  ffiell  is  to  go  downwards, 
the  cutler  defeends  into  the  fand,  which  is  his  firft  ftep 
into  it  ;•  he  has  nothing  to  do  but  to  repeat  the  fame 
operations,  in  order  to  advance  farther  and  farther 
into  it.  Is  he  difpofed  to  go  tip  again  to  the  furface  ? 
He  puflies  forth  the  ball,  add  at  the  fame  time  makes 
an  effort  to  extend  his  leg  y the  ball,  which  is  averfe 
. to  a defeent,  prefles  the'  lfaett  towards  the  top  of  the 
hole!  It  Js  pretty  remarkable,  that  tBfe-  cutler;  which1 
lives  in  fait  water,  dreads  the  touch  of  fait.  If  a pinch 
of  it  be  call  into  his  hole,  he  will  come  out  of  it  imme- 
diately. But  of  he  be  caught,  and  afterwards  permit- 
. ted  to  re-enter  nis  cell,  it  will  be  in  vain  to'throw  fait 
into  it,  fince  he  will  not  quit  it  on  that  account.  It  » 
faid  by  fome,  that  he  remembers  having  been  taken ; 
and  this  is  fo  true,  that  when  people  do  not  Catch  him, 
he  may  be  made  to  come  out  at  one’s  pleafure,  by 
throwing  fome  frefti  fait  into  the  hole.  It  feems*  then, 

. that  he  is  aware  of  the  fnare  that  is  laid,  for  him,  and  is 
Unwilling  to  be  taken  by  it, 

16.  Caft  your  eyes  Oh  thi6  ftone,  which  I have  juft 
now  taken  up  from  the  fea-fhore.  A (hell-fifti  fixes  his 
habitation  in  it.  Obferye,  that  on  the  furface  of  the 
ftone  there  is  a very  little  hole  ; it  is  by  that  the  fliell- 
,-fifh  has  entered,  and  you  may  judge  of  the  fmallnefs 
of  it  by  that  sf  the  aperture.  We  will  break  the  ftone 
afunder,  that  we  may  fee  the  animal  that  dwells  in  it. 

, How  great  muft  your  furprife  be  i You  behold  a great 
fhell-fifli,  near  three  feet  in  length,  whofe  fliell  is 
formed  of  three  fmooth  pieces  joined  together  by  a li- 
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gamentary  membrane.  It  is  lodged  in  a great  cavity# 
that  is  hollow  like  a funnel.  The  upper  part  of  the 
cone  is  in  the  little  hole  you  fee  on  the  furface  of  the 
ftone.  This  ftiell-filh  is  a dail  or  pholas.  How  could 
it  be  able  to  pierce  fo  hard  a ftone  ? Or  how  go  through 
fo  narrow  a paftage  ? Draw  near  this  clayey  (hell 
' which  the  wave  has  juft  left.  It  is-  pierced  through 
with  a multitude  of  Inch  holes  as  you  fee  in  the  ftone 
. you  have  in  your  hand.  All  thefe  holes  are  inhabited 
by  young  dails,  which  are  only  a few  lines  long. 
They  had  then  no  occafton  to  penetrate  into  a hard 
ftone.  Moift  clay  makes  but  little  refiftance.  But  the 
fea  infenfibly  converted  this  clay  into  ftone : the  dail, 
which  at  firft  found  himfelf  lodged  in  a foft  earth,  af- 
terwards perceived  that  he  was  within  a ftone  cell. 
We  have  feen  that  the  cutler  can  come  out  of  his  hole 
when  he  pleafes : the  dail  never  quits  his  ; nor  indeed 
can  he  j fince  the  form  of  this  kind  of  cell  will  not 
admit  of  it.  .All  that  he  can  do  is,  to  ftretch  Out  two 
pipes  at  the  opening  of  the  hole,  with  which  he  receives 

• and  reje&s  the  water.  The  cutler  does  the  fame.  You 

are  impatient  to  be  informed  ©f  the  mftrument  with 
which  the  dail  hollows  his  cell.  This  inftrument  has 
no  edge  to  it : it  is  purely  flelhy,  and  lhaped  like  a lo- 
zenge. - - : • - • \ 

17*  We  will  quit  fhell-fifh  fora  time.  Divers  ani- 
mals of  the  lea  will  likewife  entertain  us  with  the  won- 
ders of  their  Author.'  Let  us  beftow  on  them  the  at- 
tention they  dcferve : what  we  are  about  to  relate  con- 
cerning them,  will  be  found  well  deferring  notice  in 
- natural  theology. 

On  the  rocks  near  the  fea-fhore  you  may  perceive 
little  flelhy  maffes,  of  the  fize  of  an  orange,  whofe 

• form  is  like  that  of  a counter-bag,  and  pretty  nearly 
refembling  that  of  a cone  when  cut.  All  thefe  mafles 
feem  immoveable,  and  connected  with  the  rock  by 
their  bafe.  Some  of  them  are  rough,  others  fmooth. 
We  have  juft  now  compared  them  to  a bag  or  purfe, 
in  which  counters  are  put ; but  this  bag  is  not  folded 
together, . and  is  likewife  without  firings.  They  are 
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nettles  that  you  fee ; a very  fingular  kind  of  animals, 
that  demand  a clofer  attention.  The  body  of  the  ani- 
mal is  in  effeil  enclofed  within  a fort  of  flefhy  purfe,  of 
a conic  figure.  At  the  top  of  the  cone  is  an  openings 
which  the  nettle  iucreafes  or  contra&s  at  pleafure. 

Let  us  confider  the  fea-nettles  that  we  have  now  be- 
fore us : there  is  one  that  opens  and  unfolds  itfelf  like 
a flower : it  has  put  forth  a hundred  and  fifty  fleftiy 
horns,  like  thofe  of  fnails,  diftributed  in  three  rows 
round  the  aperture.  You  remark,  that  little  water- 
fpouts  iffue  from  thefe  horns;  confequently  they  do 
not  perform  the  fame  fun&ions  as  thofe  of  fnails ; they 
are  analogous  to  the  pipes  of  dails,  cutlers,  and  other 
fhell-fifti  which  you  have  feen.  You  alfo  remark,  that 
the  form  of  thefe  nettles  varies  greatly,  that  their  bafe 
is  fometimes  circular  and  fometimes  oval,  and  that 
the  height  of  the  cone  varies  according  to  the  dimen- 
fions  of  its  bafe.  It  rifes  or  falls  as  the  bafe  grows 
narrower  or  wider.  Touch  one  of  thefe  blown  nettles : 
fee  with  what  quicknefs  it  clofes  and  contracts  itfelf. 
But  you  perceive  no  progreflive  motion : are  the  net- 
tles then  condemned  to  pafs  their  whole  life  fixed  to  the 
fame  fpot  ? The  ancients  thought  fo.  What  are  we 
to  think  of  them  ? About  an  hour  ago,  this  large  net- 
tle, which  you  fee  on  your  right  hand,  touched  this 
point  of  the  rock : obferve  that  it  is  now  above  an  inch 
diftant  from  it.  You  are  furprifed  that  you  did  not 
perceive  it  walk,  for  you  looked  at  it  more  than  once  ; 
the  reafon  of  this  is,  becaufe  its  progreflive  motion  is 
as  flow  as  that  of  the  hand  of  a clock.  We  may  be 
curious  to  know  hqw  the  nettle  performs  it.  All  its 
body  is  externally  furnished  with  various  orders  of  muf. 
cles.  Thofe  of  the  bafego^  like  rays,  from  the  centre 
to  the  circumference  ; others  defcend  from  the  top  to- 
wards  the  bafe.  Thefe  mufcles  are  alfo  canals,  full  of 
liquor,  which  iflues  out  on  pricking  them.  They  are 
emptied  and  filled  at  the  pleafure  or  the  nettle.  By  the 
exercife  of  thefe  mufcles  or  canals,  the  progreflive  mo- 
tion is  performed.  Let  us  follow  the  nettle  when  (he 
is  difpofed  to  go  forwards.  Her  bafe  is  circular.  She 
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fwells  the  mufcles  that  are  on  that  fide  whither  fiie  is 
tending.  She  injects  her  liquor  into  them,  which,  by 
inflating,  lengthens  them.  They  cannot  extend  them- 
felves  unlefs  the  edge  correfponding  with  the  bafe 
ihifts  its  place,  and  advances  a little  way.  At  the  fame 
time  fhe  loofens  the  oppofite  mufcles,  and  empties 
their  canals.  They  contract.  This  they  cannot  do, 
except  the  edge  of  their  correfponding  bafe  goes  in  a 
little,  and  exactly  in  the  fame  degree  as  the  oppofite 
one  projects.  Such  is  the  mechanifm  whereby  the  firft 
ftep  of  our  nettle  is  performed.  In  order  to  make  a 
fecond,  (he  caufes  the  bafe  again  to  receive  a circular 
form,  by  puffing  up  equally  all  the  canals:  fhe  after- 
wards repeats  the  fame  operations  we  have  juft  taken  a 
.view  of. 

• . k.  * " V **—  i 

The  whole  progreflive  motion  of  nettles  is  not  con- 
fined to  this.  They  have  another  method  of  walking, 
which  more  nearly  refembles  that  of  infe&s.  They  are 
able  to  make  ufe  of  their  horns  like  legs.  But  thefe 
horns  are  on  the  upper  part  of  their  body  : the  nettle 
is  fixed  by  its  bafe  againft  the  rock : how  do  thefe  horns 
perform  the  office  of  legs  ? The  nettle  you  are  fol- 
lowing will  fhew  you  the  method.  She  turns  herfelf 
upfide  down;|  the  bale  abandons  the  rock,  and  the  cone 
is  placed  on  its  top.  All  the  horns  fhoot  forth,  and  you 
fee  them  fix  therofelves  to  the  rock.  They  are.gluey 
and  rough  to  the  touch  : for  which  reafon  they  meet 

with  no  difficulty  in  fattening  to  it. 

: ; ' « 

18.  Would  you  believe  that  an  animal  which  is  en- 
tirely of  a flefhy  nature,  and  is  provided  with  no  in- 
ftrument  to  open  or  pierce  the  fhells,  feeds  upon  fhell- 
fifti  ? Nettles  that  are  but  of  a middling  fize  fwallow 
great  fbell-fifh,  and  it  is  difficult  to  conceive  how  they 
are  capable  pf  being  lodged  within  the  nettle..  It  is 
true,  the  latter  being  entirely  flefhy  is  fufceptible  of 
a great  diftenfion.  It  is  a fort  of  fupple  purfe,  that 
may  be  , ftretched  occafionally.  The  opening  of  the 
purfe  is  properly  the  mouth  of  the  nettle.  Its  infide  . 
not  being  tranfparent,  one  cannot  fee  what  paffes 
therein,  or  by  what  means  the  nettle  voids  the  fhell- 

fifh. 


/ 


^ 


( 83  ) 

fifli.  The  moment  flie  has  fwallowed  ft*  {he  dofes  her- 
felf.  Look  at  this  young  nettle  that  k (hut  up  quite 
clofe : lhe  has  juft  fwallowed  a pretty  large  fnail,  and 
is  bufy  in  digefting  it*  She  is  now  opening  herfelf 
again,  and  difcharging  the  empty  ihelL  On  the  fide 
of  her  is  another  nettle  which  befpeaks  your  attention j 
(he  has  fwallowed  a great  mufcle,  and  is  making  inef- 
fectual efforts  to  void  the  ihell.  She  is  not  able  to  ef- 
fect it : the  (hell  prefents  itfelf  in  an  unfavourable  po- 
rtion at  the  aperture,  and  you  begin  to  be  in  pain  for 
the  unhappy  nettle.  She  has  a refource  that  you  did 
not  imagine.  Caft  your  eyes  towards  the  bafe ; the 
Ihell  is  evacuated  through  a large  wound  ; the  nettle 
is  delivered  from  it  by  that  means,  and  is  no  more  af- 
fected by  the  great  gaih  made  thereby,  than  we  are  by 
a fcratch. 


19.  All  nettles  do  not  procure  a difcharge  by  fo  vi- 
olent a method  : they  have  another,  which  they  com- 
monly ufe  with  fuccefs.  They  turn  themfelves  infide 
out  like  a glove  or  (locking,  fo  that  the  edges  of  the 
opening,  which  refemble  lips,  fold  themfelves  on  the 
bafe.  - The  mouth  is  then  of  a prodigions  width,  and 
the  bottom  of  the  purl'e  almoft  uncovered.  . 


-Nettles  do  not  thus  ftiift  themfelves  merely  to  get 
rid  of  heterogeneous  bodies  ; they  put  themfelves  into 
the  fame  pofture  when  they  bring  forth.  They  are  vi- 
viparous. The  young  are  produced  completely  form- 
ed ; . and  we  fee  nettles  in  miniature  appear.  The  aper- 
ture through  which  they  pafs,  is  fo  wide  as  to  admit  a 
multitude  of  them  at  the  fame  time.  Notwithftanding 
which,  they  always  come  forth  fingly.  They  are  at 
firft  enclofed  in  certain  folds  concealed  at  the  bottom  of 
the  purfe. 


W ***  T 

Do  nettles  refemble  polypufes  by  the  lingular  pro- 
perty of  being  multiplied  and  grafted  by  flips  ? Ex- 
periments have  put  this  beyond  all  doubt.  Of  a (in- 
gle nettle,  divided  according  to  its  length  or  width, 
are  made  two  or  three,  which  at  the  end  of  a few 
weeks  are  perfect  and  complete.  They  may  likewife 
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be  grafted  ; but  it  will  be  neceffary  to  have  recourfe  to 
feaming.  You  are  now  no  longer  furprifed  at  the  con- 
folidation  of  that  enormous  wound  made  at  the  hafe  of 
a nettle  that  iffues  out  thereat.  A wound  of  this  na- 
ture is  nothing,  when  compared  to  that  which  another 
animal  fuftains  when  cut  in  pieces,  without  ceafmg  to 
live  and  multiply  in  each  piece.  Nettles  may  then  be 
called  a fpecies  of  polypufes  with  arms  of  a monftrous 
fize  ; or,  if  you  prefer  the  expreflion,  polypufes  with 
arms  are  a fpecies  of  very  minute  nettles. 

Let  us  quit  thefe  rocks  that  fwarm  with  nettles,  and 
betake  ourfelves  to  that  little  creek  where  the  fea  is 
very  calm.  Stoop  a little,  and  obferve  the  furface  of 
the  water.  What  do  you  perceive  ? A kind  of  green- 
ifh  jelly  floating  upon  it.  Its  form  is  like  that  of  a 
broad  mufhroom.  It  is  near  two  feet  in  diameter. 

! Take  a piece  of  it  betwixt  your  fingers ; handle  it  for 

- a few  minutes : you  will  fee  it  diflolve  into  water.  The 
heat  of  your  hand  was  fufficient  to  melt  it.  Dees  it 
enter  into  your  thoughts  that  this  jelly  is  a real  ani- 
mal, and  even  a fpecies  of  nettle  ? It  has  been  called 
wandering  nettle,  becaufe  it  never  fixes,  and  floats 
from  one  fide  to  the  other.  Its  convex  furface  prefents 

- us  only  with  an  infinite  number  of  little  grains  or  nip- 
ples. But  its  inferior  furface,  which  is  concave,  is  ex- 

• tremely  organized in  that  we  may  fee  a great  num- 

- ber  of  canals,  which  are  regularly  difpofed,  and  made 

• with  great  art,  fome  being  circular,  and  others  dif- 
pofed regularly,  like  the  felloes  of  a wheel,  and  which 
are  full  of  a watery  liquor,  which  paffes  from  one  to 
the  other. 

This  ftrange  animal  wanders  about  in  the  fea.  It  is 
fpecifically  much  heavier  than  water.  He  cannot 
therein  fuftain  hirnfelf,  without  the  afliftance  of  a fpon- 

- taneous  motion,  which  is  worth  obferving,  and  cannot 
• be  feen  but  in  places  where  the  water  is  calm.  It  is  fo 

in  this  little  creek  on  the  extremity  of  which  we  are 
fitting.  Look  with  attention  on  the  furface  of  that 
jelly  which  offers  itfelf  to  your  view.  Obferve  that 
' it  has  certain  .motions,  which  you  are  tempted  to 

compare 
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tompare  with  thofe  of  the  fyftole  and  diaftole.  How- 
ever, they  are  not  the  fame.  Their  only  end  is  to  caufe 
the  nettle  to  float.  You  fee  that  in  the  fyftole~kind,  the 
furface  of  the  animal  becomes  very  convex,  and  that 
in  the  diaftole  it  becomes  fuddenly  flat  and  wide.  Such 
is  our  glutinous  nettle’s  method  of  floating.  When 
dried  in  the  fun,  it  is  reduced  almoft  to  nothing.  We 
imagine  that  we  fee  a little  piece  of  parchment  or  very 
tranfparent  pafte.  There  is  no  room  to  doubt  that  this 
fpecies  of  nettle  multiplies,  like  the  reft,  by  flips  ; but 
I do  not  know  that  there  has  been  any  experiment 

: made  concerning  this.  A jelly  mult  be  attended  with 
greater  eafe  in  regenerating  itfelf  than  organized  bo- 

' dies  of  the  fame  genus,  that  are  of  a more  firm  and 
clofe  confidence. 

4 

20.  There  are  no  regular  or  ft  range  forms  of  which 

* the  animal  kingdom  does  not  afford  us  models.  Here 

* is  an  animal  whofe  form  is  precifely  that  by  which  we 
paint  the  ftars  in  the  firmament.  It  is  nearly  flat.  From 
the  middle  of  its  body  proceed  four  or  five  rays,  which 

* are  almoft  equal,  and  refembling  each  other.  Its  up- 

f per  furface  is  covered  with  a hard,  callous,  and  very 

rough  fkin.  In  the  centre  of  the  inferior  furface  is 
placed  the  mouth,  which  is  provided  with  a fucker, 

- that  the  ftar  makes  ufe  of  to  imbibe  the  fubftanee  of 
the  fhell-fifti  ihe  feeds  upon.  Five  fmall  teeth  or  pincers 
hold  it  confined  whilft  fhe  fucks  them,  and  perhaps  ai* 
lift  in  the  opening  his  (hell.  The  legs  of  the  ftar  are 
a real  curiolity.  They  are  joined  to  her  inferior  fur- 

; face,  and  diftrihuted  with  fymmetry  in  four  rows,  each 

* confiding  of  feventy-fix  feet ; lb  that  each  ray  is  fur- 
niflied  with  three  hundred  and  four  feet,  and  the  whole 
ftar*  with  fifteen  hundred  and  twenty.  Yet  with  fuch  a 
number  of  feet,  the  ftar  goes  but  little  fafter  than  the 

- muicle,  which  has  only  one.  Thefe  legs  perfectly  re- 
ferable the  horns  of  the  fnail,  both  by  their  figure,  con- 
fiftence,  and  exercile.  When  the  ftar  is  difpofed  to 
walk,  (he  fpreads  her  legs  as  the  fnail  does  her  horns, 
and  with  the  extremity  of  them  feizes  die  various  ma- 
rine bodies  on  w hich  (he  crawds.  She  commonly  puts 
forth  only  one  part  of  her  legs;  the  remainder  are 

: kept 
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kept  in  referve  againft  thofe  neceffities  which  may  hap- 
pen. The  mechanifm  which  prefides  over  their  mo- 
tions is  an  illuftrious  proof  of  a Creative  Mind.  Let 
us  open  one  of  the  rays  by  flitting  it  lengthwife,  and 
we  fliall  difplay  the  principal  fprings  of  the  machine. 
An  almoft  cartilaginous  partition,  made  in  the  form  of 
vertebra,  divides  the  whole  ray.  In  every  part  of  this 
partition  you  perceive  two  rows  of  little  balls,  like 
pearls  of  the  fineft  water.  The  number  of  thefe  little 
balls  is  precifely  equal/to  that  of  the  legs.  Thus  you 
fee  that  each  ball  anfwers  to  a leg.  You  can  diftinguifh 
a limpid  liquor  in  thefe  balls  ; prefs  your  finger  upon 
them $ they  empty  themfelves ; the  liquor  pa  fie  s into 
the  correfponding  legs,  and  they  immediately  extend 
themfelves.  The  ftar  then  need  only  prefs  the  balls  in 
'order  to  fpread  the  legs.  But  they  are  capable  of  con- 
traction, and  when  they  contrail  themfejves,  they 
force  the  liquor  back  again  into  the  balls,  from  whence 
it  may  be  driven  afrefh  into  the  legs,  to  procure  a pro- 
greffive  motion.  . 

You  conjecture,  that  thefe  eggs,  which  refemble 
thefe  tubes  through  which  divers  kinds  of  fhell-fifh  re- 
fpire,  ferve  likewife  for  the  fame  ufes.  But  nature  who 
has  been  fo  lavifh  in  providing  the  ftar  with  legs,  has 
been  alfo  liberal  in  beftowing  on  it  the  organs  of  refpi- 
ration.  She  has  even  multiplied  them  in  a greater  de- 
gree. They  are  very  fmall  conic  tubes,  difpofed  in 
knots,  and  produce  an  equal  number  of  little  water 
fpouts. 

Amongft  our  ftars,  you  obferve  there  are  fome 
which  have  only  two  or  three  rays,  and  by  looking 
more  narrowly  at  them,  you  difcover  feveral  very  mi- 
nute rays,  juft  beginning  to  fhoot  out.  Are  then  ani- 
mals, that  are  formed  by  a repetition  of  fuch  a great 
number  of  parts,  both  outward  and  inward,  regenerated 
like  polypufes,  whofe  ftrudure  appears  fo  fimple  ? No- 
thing is  more  true,  and  the  ftars  you  are  now  looking 
at,  will  afford  you  proof  of  it.  Thefe  animals  often 
chance  to  lofe  two  or  three  of  their  rays,  and  they  are 
no  more  affected  by  this  lofs  than  polypufes  are  by 
parting  with  fome  of  their  arms.  We  may  mangle 
ftars  or  cut  them  in  pieces,  hut  cannot  deftroy  them  by 
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that  method.  They  will  recover  from  their  ruins,  and 
each  piece  becomes  a new  ftar. 

21.  Sea-hedgehogs,  like  the  land  ones,  derive  their 
names  from  their  prickles.  But  thofe  of  the  former 
are  quite  different  from  fuch  as  belong  to  the  latter. 

The  form  of  thefe  hedgehogs  is  that  of  a round  but- 
ton. It  is  hollow  within,  and  its  furface  is  elaborately 
wrought.  We  might  compare  the  workmanfhip  of 
them  to  that  of  certain  copper  or  wire  buttons.  A 
multitude  of  tubercles,  like  little  triangles  divide  the 
whole  furface  of  the  button.  Thefe  triangles  are  fe- 
parated  by  ftripes,  which  are  regularly  fpaced,  pierced 
with  holes,  and  diftributed  with  great  fymmetry  in  fe- 
veral  lines.  Thefe  holes  pafs  through  from  one  part  to* 
another,  the  whole  thi^knefs  of  the  fkeleton,  for  the 
body  of  our  hedgehogs  is  a kind  of  bone-box.  Each 
hole  is  a focket,  wherein  is  a flefhy  horn,  like  thofe  of 
a fnail,  and  fufceptible  of  the  fame  motions.  There  are 
therefore  as  many  horns  as  holes,  and  there  are  reck-  ’ 
oned  to  be  at  lead  three  hundred.  The  hedgehog,  like 
the  fnail,  makes  ufe  of  her  horns  for  feeling  the  earth, 
and  the  various  bodies  it  meets  with  in  its  pafiage.  But 
it  particularly  employs  them  to  faften  with  and  caft  an- 
chor. The  tubercles  are  the  bafes  of  many  prickles 
©r  legs,  and  their  number  amounts  to  at  lead  two  thou- 
fand  one  hundred.  So  that  there  is  hardly  any  part  of 
the  body  of.  a hedgehog  that  is  deditute  of  a leg.  It 
can  for  that  reafon  walk  as  well  on  the  back  as  on  the 
belly  ; and  in  general,  let  it  be  in  what  poflure  it  will, 
it  has  always  a great  number  of  legs  ready  to  carry  it, 
and  horns  to  fix  it  with.  The'  legs  it  ufcs  with  the 
greated  eafe  are  thofe  which  furround  the  mouth ; but 
when  it  pleafes,  can  walk  by  turning  round  on  itfelf 
like  a wheel.  On  the  back  or  the  top  of  the  button, 
is  another  aperture  which  is  thought  to  be  the  anus. 
This  then  is  an  animal  that  is  provided  with  at  lead 
thirteen  hundred  horns,  and  two  thoufand  one  hundred 
legs.  What  a great  number  of  mufcles  mud  it  re- 
quire to  move  fo  many  horns  and  legs  ? How  many 
fibres  mud  there  be  in  each  of  thefe  mufcles  ? What  - 
an  adonilhing  multiplication  of  parts  in  this  little  ani- 
mal ? 
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jnal  ? What  regularity,  what  fymmetry,  and  even 
harmony  in  their  diftribution  ! What  variety  in  their 

exercife ! , . 

When  the  hedgehog  would  advance,  he  draws  him. 
{elf  forwards  with  thofe  legs  that  are  neareft  the  place 
he  would  go  to,  and  pufties  himfelf  towards  it  with  the 
oppofite  ones.  All  the  reft  remain  at  that  time  in  a 
ftate  of  inaction.  At  the  fame  time  that  one  part  of 
his  legs  are  at  work,  the  horns  that  are  neareft  to  them 
exert  themfelves  to  found  the  way,  or  find  anchorage 
for  the  animal. 

22.  Moft  fhell-fifh  are  produced  with  their  clothing. 
The  (hell  they  bear  grows  with  them  and  by  them. 
But  Bernard  the  hermit,  a kind  of  cr^y-filh  fo  called, 

• coines  into  the  world  without  a (hell,  though  he  has 
need  of  one  in  order  to  cover  the  greater  part  of  his 
body  ; whofe  thin  and  delicate  (kin  would  fuffer  too 
much  from  being  naked.  Has  nature  then  behaved 
. to  it  as  a ftep-mother,  by  denying  it  fo  neceffary  a 
garment  ? By  no  means  : as  {he  is  beneficent  towards 
every  other  animal,  fo  has  this  likewife  been  the  object 
of  her  attention.  It  is  true,  (he  has  not  provided  it 
. with  a lhell  ; but  has  made  it  amends  by  enabling  it 
to  clothe  itlelf  with  one.  Taught  by  fo  great  a mif- 
trefs,  our  hermit  has  the  fagacity  to  take  up  his  lodg- 
ing in  the  firft  empty  lhell  he  meets  with.  He  applies 
himfelf  indifferently  to  all  that  are  of  a fpiral  con- 
ftru&ion.  He  often  retires  fo  far  into  them,  as  not  to 
be  perceived,  whereby  the  lhell  appears  empty.  If  the 
{hell  Ihould  prove  too  narrow,  he  quits  it,  in  order  to 
feek  for  another,  more  fuitable  to  his  bulk.  It  is  faid, 
there  fometimes  happen  contefts  between  our  hermits 
about  a lhell,  and  that  victory  is  decided  in  favour  of 
him  who  has  the  ftrongeft  claws,  n Our  battles  have 
fcarcely  ever  a caufe  of  equal  importance  for  their 
objecft.  v 

23.  You  have  been  already  aftonifhed  at  the  Ikill 
difplayed  in  the  progeflive  motion  of  feveral  Ihell-fifli, 
your  amazement  will  be  redoubled  when  you  learn 

' thatfome  of  them  can  fpiu  : and  yo«  are  impatient  to 

fee 
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fee  them  at  work.  Let  us  walk  on  the  fea  ftiore.  You 
there  difcover  a number  of  mufcles,  fome  by  them- 
felves,  and  others  joined  in  companies.  Confider  them  m 
.more  attentively  you  will  obferve  that  fome  of  them  . 
are  faftened  to  ftones  or  to  each  other,  by  a great  num- 
*ber  of  fmall  flender  ftrings.  Let  us  felett  one  of  thefe 
mufcles,  that  we  may  obferve  it  the  more  clofely  ; the 
better  to  difcover  their  operations.  Here  is  one  of 
them  endeavouring  to  fix  itfelf  to  this  ftone  that  is 
near  the  furface  of  the  water.  The  {hell  is  partly 
open ; it  has  truft  out  from  it  a kind  of  fupple  tongue, 
which  it  lengthens  and  contrails  alternately.  Remark 
that  it  often  applies  the  ends  of  it  to  the  ftone,  and  im- 
mediately draws  it  back  again  into  the  fhell,  that  it 
may- again  put  it  forth  the  next  moment.  From  the 
root  of  this  kind  of  tongue  there  iftue  certain  threads, 
v which  are  equal  in  fize  to  a hog’s  briftle.  Thefe  threads 
part  from  each  other  as  they  come  out,  and  their  ex- 
tremity  fticks  to  the  ftone.  Thefe  are  fo  many  fmall 
cables  which  hold  our  mufcle  at  anchor.  There  are 
frequently  a hundred  and  fifty  of  thefe  little  cables 
employed  in  mooring  a mufcle.  Each  cable  is  fcarce- 
. ly  two  inches  long.  - 

The  mufcle  herfelf  has  tyvn  all  thefe  cords.  The 
. tongue  not  only  ferves  them  as  it  does  other  ftieli-fifti, 
for  arms,  to  feften  themfelves  with,  and  for  legs  to 
creep  with  ; but  is  alfb  the  fpinning  inftrument  which 
produces  thofe  numerous  threads,  by  means  of  which 
the  mufcle  refifts  the  impulfe  of  the  waves.  From  the 
, root  of  the  tongue  to  its  extremity  there  is  a groove, 
which  divides  it  according  to  its  length  into  two  equal 
parts.  This  groove  is  a real  channel,  furnifhed  with 
, a great  number  of  fmall  mufcles  that  open  and  (hut  it. 

In  this  channel  is  contained  a vifcous  liquor,  which  is 
the  matter  of  the  threads  emitted  by  the  mufcle.  At 
its  firft  appearance  this  channel  is  exa&iy  cylindrical, 
and  is,  properly  fpeaking,  the  place  where  the  threads 
. are  moulded.  The  various  motions  the  tongue  of  the 
mufcle  we  are  obferving  gave  itfelf  a minute  ago,  all 
: tended  to  fix  it  to  the  ftone.  Thofe  threads  which  are 
the  whiteft  and  moft  tranfparent  are  fuch  as  are  newly 
ipun.  She  has  not  yet  finifhed  anchoring  herfelf,  where-* 
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fore  you  perceive  her  tongue  is  again  extending  about 
two  inches,  and  the  tip  of  it  drawing  towards  the  ftone. 
The  vifcous  liquor  runs  in  the  channel,  and  arrives  at 
the  extremity  of  it.  This  liquor  is  now  confolidated, 

' and  becomes  a cylindrical  thread.  The  mufcle  fticks 
the  end  of  his  thread  to  the  ftone  ; hut  is  defirous  of 
x applying  it  by  a wider  furface,  in  order  to  render  it 
more  adherent  For  that  purpofe,  (he  adds  to  it  with 
the  tip  of  her  tongue,  that  little  pafte  which  you  ob- 
ferved.  Her  bufinefs  now  is  to  extend  another  cable . 
to  fome  diftance  from  the  laft.  The  tongue  therefore 
lfiuft  quit  this  latter,  in  order  tat  work  elfewhere.  How 
will  fhe  be  able  to  effeift  this  ? The  channel  opens  itfelf 
to  its  utmoft  length,  and  difcharges  the  thread.  The 
tongue  being  difengaged  from  his  thread,  quickly 
draws  itfelf  together,  re-enters  the  fkell,  and  the  next 
moment  again  iffues  from  it,  to  fix  a new  cable  a little 
farther  off. 


Did  you  take  notice  of  a mark  of  Ik  ill  exprefled  by 
«ur  mnfcle  ? She  has  juft  now  fpread  the  firft  thread  ; 
to  allure  herfelf  of  the  goodnefs  of  it,  (he  immediately 
puts  it  to  the  proof } drawing  it  ftrongly  towards  her, 
as  though  fhe  would  break  it.  It  has  refilled  this  ef- 
fort, and,  fatisfied  with  the  experiment,  fee  has  pro- 
ceeded to  ftretch  out  the  fecond  thread,  which  fhe  has 
tried  like  the  firft.  - • 

Thefe  cords  which  the  fea  mufeles  fpin  with  fo  rhuch  , 
art,  are  in  reality  as  ferviceable  to  them  as  cables  are 
to  a (hip.  You  afk  me,  whether  they  can  weigh  an- 
chor ? Divers  experiments  prove  they  are  n6t  endued 
with  that  ingenuity.  It  was  not  neceflary  for  them. 
But  they  fomctimes  drive  with  their  anchors ; it  there- 
fore behoves  them  to  have  frelh  cables  in  referve. 

■ ..  ' ■ • - ' 1 \ 

Thus  the  fea  has  its  fpinners  as  well  as  the  earth; 
Mufeles  are  at-fea  the  fame  that  caterpillars  are  on 
land.  There  is  neverthelefs  a remarkable  difference 
between  them.  The  work  of  caterpillars  anfwers  ex- 
aftly  to  that  of  gold  wire-drawers.  The  filk  thread  is 
moulded  by  paffing  through  the  mouth  of  the  fpinner, 
and  the  caterpillar  gives  it  what  length  fhe  pleafes, 

which 
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which  in  certain  cones  confifts  of  feveral  hundred  feet. 
The  labour  of  mufcles  may  rather  be  compared  to  that 
of  work-men  who  caft  metals.  The  fpinning  Inftru- 
ment  of  thefe  fhell-fifh  is  a real  mould  which  does  not 
only  determine  the  thicknefs  of  the  thread,  but  alfo  its 
length,  which  is  always  equal  to  that  of  the  fpihning 
inftrument  or  tongue. 

v / v 

The  pinnae  marinae,  which  are  fpecies  of  very  large 
mufcles,  are  more  dexterous  fpinners  (till.  Their 
threads  which  are  at  lead  feven  or  eight  inches  long, 
are  extremely  fine,  and  curious  works  are  made  with 
them.  If  mufcles  are  caterpillars  of  the  fea,  pinnae  are 
its  fpiders.  The  threads  of  the  pinnae  ferve,  like  thofe 
of  mufcles,  to  moor  them  with,  and  defend  them  from 
the  agitation  of  the  waves.  They  are  prodigioufly 
numerous,  and  being  united,  form  a kind  of  tuft  dr 
ikain,  weighing  about  three  ounces.  The  inftrument 
that  prepares  and  moulds  them,  refembles,  in  the  eflen- 
tial  properties  of  it,' that  of  other  fhell-fifh  of  .this  kind: 
except  that  it  is  much  larger,  and  the  groove  that  di- 
vides it  lengthwife  is  much  narrower.  At  the  root  of 
it  there  is  a membraneous  bag,  cempofed  of  feveral 
flefhy  layers,  that  Teparate  the  filk  layers  from  whence 
the  tuft  refults. 

24.  If  all  kinds  of  fhell-fifh  and  fea-animals  have  not 
been  enabled  to  moor  themfelves  with  as  much  fkill 
as  mufcles  and  pinnse,  nature  has  made  them  amends 
for  that  by  affording  them  means  that  are  no  lefs  effi- 
cacious. Before  we  quit  this  fhore,  let  us  flop  a little 
while  and  examine  this  fmall  fhell-fifh  which  you  fee 
fattened  to  this  rock.  It  is  a goat’s  eye,  or  a limpet. 
Its  fhell,  which  confifts  of  one  piece  only,  is  made  like 
a conic  chapiter,  under  which  the  whole  body  is  fhel- 
tered,  as  under  a roof.  The  animal  can  raife  or  lower 
this  covering  as  it  pleafes.  When  it  lowers  it,  the 
body  is  entirely  concealed,  and  it  refts  immediately  on 
the  ftone.  A large  mufcle  that  occupies  the  whole  ex- 
' tent  of  the  fhell,  and  that  is,  as  it  were,  the  bafe  of  it, 
fattens  the  animal  to  this  ftone.  Try  to  difengage  .it 
from  it : you  are  not  able  to  effect  it.  It  is  neverthe- 
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fefs  only  fixed  to  the  done  by  a bafe  of  an  inch  and! 
a half  in  diameter.  Let  us  hoift  a cord  round  the 
fhell ; and  fufpend  a weight  of  twenty-eight  or  thirty 
pounds  to  this  cord,  the  (hell-filh  will  not  quit  his 
hold  till  after  fome  feconds,  and  you  are  furprifed  that 
fo  fmall  an  animal  ftiould  be  endued  with  io  great  a 
power  of  adhefion.  You  are  curious  to  know  from 
whence  he  derives  this  2 you  examine  the  (lone,  and  it 
appears  to  you  to  be  finely  polifhed,  whereupon  your 
aftonifliment  is  redoubled.  Can  it  be  that  the  mufcle 
is  able  to  infinuate  itfelf  into  the  infenfible  parts  of  the 
done  ? Divide  the  animal  tranfverfely  1 it  dill  adheres* 
as  drongly  as  before.  Does  it  cleave  to  the  done  as 
two  pieces  of  poliflied  marble  cleave  to  each  other  ? 
But  pieces  of  marble  eafily  flip  each  other ; and  you 
cannot  caufe  fhell-fifh  fo  to  do.  This  then  is  the  fecret 
caufe  of  that  adhefion  which  aftoniflies  you.  The  muf- 
cle isfurnifhed  with  a viftous  humour,  which  aggluti- 
nates it  to  the  furf'ace  of  the  done,  and  which  is  fenfibiy 

^felt  by  touching  it  with  the  finger# 

» «— ■ 
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But  the  goatfs  eye  has  not  been  condemned  to  re- 
main its  whole  life  affixed  to  the  fame  place.  It  is 
neceflary  for  it  to  go  in  fearch  of  its  food.  There  is 
one  now  creeping  on  the  rock : its  great  mufcles  ferves 
him  inflead  of  legs,  and  performs  the  fame  functions  as 
that  you  have  been  made  acquainted  with  in  the  fnail. 
The  goat’s  eye  then  can  difengage  liimfelf  when  he 
pleafes.  It  is  able  to  break  thofe  firings  which  are 
with  difficulty  disjoined  by  a weight  of  eight  and 
twenty  pounds.  Moiften  your  finger,  and  ftroke  the 
mufcle  with  it } the  natural  glutinous  fubftafice,  with 
which  it  is  endued,  can  no  longer  retain  its  hold.  This 
glue  is  dilfoluble  by  water.  The  whole  furface  of  the 
mufcle  abounds  with  little  feeds,  filled  with  a diffolvent 
liqour.  /When  the  animal  is  difpofed  to  fhift  his  quar- 
ters, he  need  only  prefs  his  numerous  glands,  the  dif- 
folvent iflues  from  them  and  the  cords  are  broken. 

The  goat’s  eye  has  but  one  certain  provifion  of 
gluey  matter.  If  it  be  loofened  from  its  place  feveral 
times  together,  its  ftock  will  be  exhaufted,  and  it  will 
not  fix  any  more. 


This 


. ( 93  ) ' 

- This  method  of  mooring  Is  common  to  divers  fea* 
animals.  It  is  particularly  fo  to  nettles.  Its  whole  , 
{kin  is  one  entire  mafs  of  glue,  which  diffolves  very 
fpeedily  in  aqua  vitae.  It  is  with  this  abundant  glue 
that  thefe  extraordinary  animals  fatten  themfelves  to 
the  rocks.  % 

Star-fifhes  alfo  fix  themfelves  by  thefame  method. 

A vifcous  matter  is  conduced  to  the  extremity  of  the 
horns  that  ferve  them  inftead  of  legs.  Thefe  legs  be- 
come  ftrong  ties  to  them  by  means  of  the  glue  that 
exfudes  from  them,  and  when  they  are  once  fattened, 
it  is  eafier  to  break  than  feparate  them.  The  norns 
of  hedgehogs  are  exadUy  of  the  fame  nature. 

All  thefe  adhefions  are  voluntary,  and  depend  folely 
on  the  good  pleafure  of  the  animal.  He  joins  or  difc 
joins  himfelf  as  circumftances  require.  But  there  are 
other  adhefions,  which  are  altogether  involuntary. 
Sea-worms  that  are  called  pipe- worms,  are  enclofed  in 
a round  tube  of  a fubftance  refembling  that  of  {hells, 
and  fattened  to  (tones  or  hard  fand,  or  even  to  other 
fhell-filh.  This  tube  follows  the  turnings  of  the  fur  - 
face  to  which  it  is  fixed.  The  worm  never  quits  this 
lhell  which  he  lengthens  or  widens  as  he  grows.  They 
recal  to  your  remembrance  the  falfe  moths  : this  may 
be  termed,  a falfe  moth  of  the  fea.  It  emits  from  its 
whole  body  a ftony  juice,  which  is  the  matter  whereof 
the  tube  is  formed. 

Other  worms  of  this  fpecies,  whofe  juice  is  not  of  a 
ftony  nature,  but  glutinous,  make  ufe  of  it  for  collect- 
ing round  them  grains  of  fand,  or  bits  of  Ihells,  and  - 
this  {hell  of  inlaid  pieces  is  notwithftanding  wrought 
in  pretty  exaCl  proportion. 

Oyfters,  and  many  other  Ihell-fifti,  adhere  by  a ftony1 
liquor  to  the  bodies  whereon  they  reft,  and  are  often 
by  this  means  cemented  to  one  another.  Of  fuch  a 
fpecies  is  that  univerfal  cement  which  nature  makes 
ufe  of,  as  often  as  (he  would  ereCt  in  the  fea,  or  eftab-  ' 
liih  therein  a lhell- work  againft  the  violent  motion  of 
the  waxes. 

We 
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We  have  acquired  but  little  knowledge  of  the  tnduf- 
try  of  fifties.  They  are  not  lufficiently  within  our 
reach.  The  greateft  part  of  them  inhabit  gulfs  that 
are  inacceffible  to  our  refearches.  We  do  not  prefume 
to  think,  that  all  their  intelligence  is  confined  folely  to 
the  devouring  of  each  other.  Their  migrations  are 
alfo  as  remarkable  as  thofe  of  birds.  They  may  have 
need  of  a kind  of  genius  to  enable  them  to  chafe  their 
prey  with  fuccefs,  and  elude  the  purfuit  of-  their  ene, 
mies.  The  cuttle-filh  fcatters  about,  at  a proper  fea- 
fon,  a black  liquor,  which  troubles  the  water,  and  hides 
her  from  the  fight  of  fuch  fiflj  as  attempt  to  take 
away  her  life.  Perhaps  this  liquor  may  be  ferviceable 
to  her  in  feizing  with  the  greater  eafe  thofe  (he  feeds 
upon.  Other  fifties  can  with  abundance  of  art  pene- 
' trate  into  very  hard  (hells,  and  extract  from  thence  the 
fleftiy  fubftance  contained  in  them."  We  are  not  yet 
acquainted  with  the  ufe  thp  fword-fifli,  the  faw.fifti, 
and  the  narval  or  uniporn-fifti,  make  of  thole  enormous 
inftruments  they  wear  at  thp  end  of  their  fnouts ; but 
they  are  undoubtedly  able  to  handle  them.  Has  not 
the  cramp-fifti,  which  fo  fuddenly  benumbs  the  hand  ' 
that  touches  it,  a very  remarkable  method  of  provide 
ing  for  its  fafety,  and  an  excellent  art  to  propole  to 
thp  meditation  of  the  natural  phtlofopher  ? .The  dying- 
dfti,  when  purfued  by  others,  darts  out  of  the  watery 
element  to  take  refuge  in  the  air,  where  it  is  for  a time 
fuftained  by  its  great  fins. 

Jt  is  well  known  that  carp  are  capable  of  being 
tamed,  and  that  they  will  haften,  likp  fowls,  at  a 
certain  fignai,  to  receive  (bod  from  the  hands  of  their 
provider. 

It  is  probable  that  fifties  are  of  all  other  animals  en- 
dued with  the  longed  lives.  We  have  feen  carp  of  an 
.hundred  and  fifty  years  old.  Fifties  tranfpire  and 
harden  but  little : they  have,  properly  fpeaking,  no 
hones.  Put  they  live  m a date  of  perpetual  warfare, 
They  all. devour,  or  are  devoured  by  others.  Thofe 
who  attain  to  their  age,  mud  acquire  an  extenfive 
knowledge  of  things  relating  to  the  fea.  Such  Nedors 
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as  thefe  may  be  able  to  procure  us  fome  good  memoir*  • 

of  the  fecret  hiftory-of  a people  fo  little  known. 

/ ■ •'  ; ■ 

25.  We  conjecture  that  the  emigrations  of  birds  de- 
pends principally  on  the  winds.  An  exact  naturalift  at 
Malta  has  aflured  himfelf  of  this  s that  the  fame  fpe- 
cies  always. change  their  climate  with  particular  winds. 
In  April  the  fouth-weft  wind  brings  into  that  iiland  a 
fpecies  of  plovers,  and  the  north-weft,  cardinals  and 
quails.  Nearly  at  the  fame  time,  falcons,  buzzards 
and  other  birds  of  prey  come  with  the  north-weft  wind, 
without  flopping,  and  depart  in  O&oberwith  thefouth  j 
and  weft.  In  fummer,  the  eafterly  wind  conduces  the 
fnipes  to  Malta,  and,  towards  the  autumn,  the  north 
and  north-weft  bring  thither  numerous  fquadrons  of 
woodcocks.  Thefe  birds  cannot  fly,  like  the  quails, 
before  the  wind ; fince  the  north  wind,  which  might  , 
carry  them  into  Barbary,«bliges  them  to  remain  in  the 
ifles.  Quails,  on  the  contrary,  emigrate  before  the 
wind  from  one  country  to  another.  The  fouth-eaft  en- 
ables them  to  pafs,  in  the  month  of  March,  from  Bar-  • 
bary-  into  France.  They  return  from  France  in  Sep- 
tember, and  go  to  Malta  by  a fouth-eaft.  The  winds, 
therefore,  are  the  fignals  employed  by  nature  for  re- 
minding divers  kinds  of  birds  of  the  time7>f  their  de- 
parture. . In  obedience  to  this  voice,  they  let  out,  and 
follow  the  dire&ion  it  points  out  to  them. 

What  a feries  of  interefting  circumftances  would  not  s 
the  conftnnSion  of  their  nefts  alfo  prefent  us  with ! A 
chaffinch  or  gold-finch’s  neft  would  take  us  up  whole 
hours  in  .contemplating  it.  We  fhould  inquire  where 
the  gold-finch  could  fumifh  itfelf  with  a cotton  fo  fine,- 
filky,  and  foft,  as  lines  the  infide  of  its  pretty  neft  2 
After  many  refearches,  we  fhould  find,  that  by  cover- 
ing the  feeds  of  certain  willows  with  a very  fine  cotton,  ; 
nature  has  prepared  for  the  gold-finch  the  down  (he 
employs.  We  fhould  never  be  weary  of  confidering 
that  kind  of  embroidery  with  which  the  chaffinch  fo: 
agreeably  adorns  the  outfide  of  his  neft,  ^and  on  view- 
ing it  more  narrowly,  we  fhould  pepCeive  that  it  is' 
Owing  to  an  infinity  of  little  liverworts,  artfully  inter- 
woven 
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Woven  together,  and  applied  with  the  utmoft  proprie- 
ty over  the  whole  furface  of  the  neft.  The  colour  off 
thefe  liverworts,  which  is  moft  commonly  that  of  the 
bark  of  the  tree  on  which  the  neft  is  fituate,  would  in- 
dicate that  the  chaffinch  feems  to  intend  her  neft 
Ihould  be  confounded  with  the  branch  that  bears  it. 

26.  Shall  we  vifit  the  retreats  of  rats,  field  mice, 
badgers,  foxes,  otters,  bears.  We  Ihould  undertake 
thereby  too  tedious  a journey.  Let  us  limit  ourfelves 
to  the  rabbit  and  monkey,  as  the  moft  curious  after 

thofe  of  the  beaver.  r 

The  rabbit  and  hare,  which  bear  fo  near  a refem- 
blance  to  each  other  both  in  their  exterior  and  interior 
part,  teach  us  not  to  truft  to  appearances.  They  ea- 
fily  couple  together,  and  produce  nothing.  They  are 

therefore  diftinCt  fpecies.  , 

«.  Moreover,  the  feeble  hare  contents  lierfelf  with  the 
lodging  ffie  makes  for  herfelf  on  the  furface  of  the 
earth.  The  more  induftrious  rabbit  penetrates  into 
the  earth,  and  there  procures  an  allured  afylum.  The 
male  and  female  live  together  in  this  peaceable  retreat, 
Sefs  of  the  fox  or  bifd  of  prey.  Unknown  to  the 
reft  of  the  world,  they  fpend  their  days  in  happinefs 
and  tranquillity. 

The  hare  might  alfo  dig  the  earth,  but  does  not,  nei- 
ther does  the  domeftic  rabbit  fincehe  has  no  occafion  ; 
bis  dwelline  place  being  provided  for  him,  he  behaves 
as  if  he  was  fenfible  of  it.  The  warren-rabbit  feems 
to  know  that  he  is  unprovided,  and  procures  for  him- 
felf  a lodging.  But  to  perceive  the  relations  thofe  re- 
treats have  to  their  prefervation,  and  to  judge  that  they 
will  fhelter  them  from  all  the  inconveniences  they  la- 
bour under,  is  an  operation  of  the  foul  that  borders  on 
reflexion,  if  it  be  not  reflection  itfelf. 

When  the  hare  is  ready  to  kindle,  the  digs  for  her- 
felf a burrow.  This  is  a winding  trench,  or  one  made 
in  zig-zag*  At  the  bottom  of  this  trench  (he  works  a 
great’ cavity,  lining  it  with  her  own  hairs.  That  is  the, 
foft  bed  {he  prepares  for  her  young.  She  does  not  quit 
them  during  feveral  of  the  firft  days  j and  only  goes 
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out  afterwards  to  procure  nouriihment.  The  father  at 
that  time  knows  nothing  of  his  family:  he  does  not 
dare  to  enter  the  burrow.  When  the  mother  goes  into 
the  fields,  (he  oftfen  takes  even  the  precaution  to  flop 
up  the  entrance  of  the  burrow  with  earth  fteeped  in  her 
urine.  When  they  are  grown  fomewhat  larger,  the 
leverets  begin  to  broufe  the  tender  graft.  The  father 
at  that  time  acquires  a knowledge  of  them,  takes  them 
up  in  his  paws,  licks  their  eyes,  poliflies  their  hair,  and 
diltributes  his  careffes  and  cares  equally  amongft  them 
- all.  ° 

t » • i . , 

Obfervations  prove  that  paternity  is  greatly  refpedted 
amongft  hares.  The  grandfire  continues  to  be  the 
chief  of  the  whole  numerous  family,  andfeems  to  go- 
vern it  like  a patriarch. 

* * ' » " • * > I 
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27.  The  tricks  of  the  monkey  are  known  to  every 
body.  No  one  is  ignorant  with  what  facility  flie  is 
tamed,  and  taught  to  dance  and  {hew  poftures  on  a 
ftaff.  Her  ingenious  proceedings  on  the  tops  of  the 
Alps,  where  flie  fixes  her  abode,  in  the  midft  of  fnow 
and  froft,  are  not  fo  generally  known. 

Towards  the  month  of  October,  flie  enters  into  win- 
ter quarters,  and  (huts  herfelf  up  for  the  remainder 
of  the  feafon.  Her  retreat  is  worthy  of  obfervation. 
On  the  brow  of  a mountain,  the  induftrious  monkey 
eftablifhes  her  dwelling.  It  is  a great  gallery  dug  un- 
der  ground,  and  made  like  a Y.  Thefe  two  branches, 
which  have  each  of  them  an  opening,  terminate  at  a cor- 
ner. Such  is  the  apartment  of  the  monkey.  One  of 
the  branches  defcends  below  the  apartment,  according 
to  the  Hoping  of  the  mountain  ; it  is  a kind  of  aqu* 
dud  that  receives  and  carries  off  the  excrements  and- 
filth.  The  other  branch,  which  rifes  above  the  habita- 
tion, ferves  for  an  avenue  and  place  to  go  out  at.  The 
apartment  is  the  only  part  of  the  gallery  which  is  ho- 
rizontal. It  is  lined  with  a thick  layer  of  mofs  and 
hay.  It  is  certain  that  monkeys  are  fociable  animals, 
and  that  they  work  in  common  on  their  lodging.  They 
amafs,  during  the  fummer,  ample  liipplies  of  mols 
and  hay.  Some  mow  the  grafs,  others  gather  it,  and 
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4>y  turns  they  fupply  the  office  of  a cart  -to  convey  it 
^to  the  ftorehoufe.  One  of  the  monkeys  lies  on  his 
back,  opens  his  paws  to  ferve  inftead  of  racks,  fuffers 
hinifelf  to  be  loaded  with  hay,  and  drawn  by  the  reft, 
who  hold  him  by  the  tail,  and  are  careful  to  prevent  the 
jcarriage  being  overturned  on  the  road.  Their  feet  are 
armed  with  claws,  which  enable  them  with  great  eafe 
to  dig  into  the  earth.  • As  foon  as  they  have  made  a 
hollow  place  in  it,  they  throw  behind  them  the  dirt 
they  extra#  from  the  mine.  They  pafs  the  greateft 
-part  of  their  life  in  their  habitation ; they  retire  into  it 
during  the  rain,  or  on  the  approach  of  a ftorm,  or  at 
'the  fight  of  fome  imminent  danger.  They  feldom  quit 
it  except  in  fine  weather,  and  go  but  a little  way  from 
1 • it.  Whilft  iome  ate  {porting  on  the  turf,  others  are 
;bufy  in  cutting  it,  and  a third  party  are  ailing  as  fcouts 
on  the  eminences,  to  give  notice  to  the  foragers,  by  a 
whittle,  of  the  enemy's  approach. 

During  the  winter,  monkeys, eat  nothing.  The  cold 
-benumbs  them,  fufpends  or  greatly  diminiffies  perfpi- 
xation,  and  other  excretions.  The  fat  with  which  their 
belly  is  well  provided  pafles  into  the  blood,  and  reftores  • 
it.  We  might  affirm  that  they  fqrefee  their  lethargy, 
and  are  apprized  that  they  {hall  then  have  no  need  of 
nourifliment ; Tor  they  do  not  think  of  hoarding  up 
provifions,  as 'they  do  materials  for  fumiffiing  their 
lodging. 

28.  We  have  greatly  admired  the  ingenious  and  al- 
moft  intelligent  mechanifm,  by  which  divers  caterpil- 
lars roll  up  the  leaves  of  trees.  You  fee  thefe  afli- 
leaves  that  are  rolled  up  like  a coffin,  They  are  inha- 
• bited  by  a little  caterpillar,  that  has  formed  for  itfelf 
therein  a cone  of  pure  filk,  nearly  refembling  a grain 
of  corn.  We  cannot  examine  this  cone  without  open- 
ing the  coffin.  Let  us  do  it  with  caution.  The  cone  is 
-lodged  in  the  centre.  You  perceive  little  gutters  on 
the  exterior  part  of  it.  Obferve  particularly  in  what 
manner  this  little  cone:is  fufpended  in  the  middle  of  the 
coffin,  by  the  help  of  a thread,  one  of  whofe  extremi- 
ties is  fixed  to  the  top  of  the  cone,  and  the  other  to  its 
bafc,  or  die  flat  part  of  the  leaf.  Look  narrowly  at 
S * the 


( 99  ) 

the  place  where  the  thread  joins  to  the  flat  part  of  the 
leaf : you  will  perceive  a fmall  piece  in  it  exadlly  cir- 
cular, bored  in  the  thick  part  of  the  leaf,  and  that 
feems  to  conceal  fome  fecret  defign.  This  you  will 
hnd  in  many  coffins  j but  it  often  happens  that  you  will 
iee  in  that  place  a little  round  hole,  well  turned,  that 
appears  to  have  been  made  by  a gimblet.  The  circu- 
lar piece  is  the  work  of  the  caterpillar : it  has  lkilfullv 
gnawed  that  part  of  the  leaf ; and  has  cut  a little  piece'' 
of  it  in  a circular  form,  which  it  has  been  very  cafeful 
in  its  place.  You  feem  to  difcern  the  end  of 
this  labour.  It  is  contrived  for  a private  paflage  for 
the  caterpillar  to  go  out  at,  at  the  fame  time  that  it 
prevents  the  entrance  of  any  mifchievous  infers.  Our 
mduftrmus  caterpillar  then  makes  a little  door  into  its 
cell.  The  door  is  not  to  be  opened  till  after  the  laft 
metamorphofis.  The  winding  parts  of  it  being  inter- 
woven  with  the  leaf,  it  remains  as  it  were  fubfervient 
to  it.  In  ifluing  from  the  cone,  the  caterpillar  dcfcends 
by  the  whole  length  of  the  thread,  which  holds  it  fuf- 
pended  j it  follows  the  direction  of  it,  arrives  at  the 
door,  and  burfts  it  open  by  pufhing  its  head  againft  it. 
Thefe  coffins,  which  you  fee  pierced  through,  have 
been  abandoned  by  the  caterpillars,  b 

29.  Our  grain  is  liable  to  be  eaten  by  a very  fmaH 
tnfeft,  that  lodges  within  it,  and  is  there  metamorphofed. 
The  covering  of  com  is  a kind  of  very  clofe  box, 
which  the  caterpillar  lirfes  with  filk.  But  the  caterpil- 
lar  is  provided  with  no  inftrument  to  pierce  through 
this  box,  and  would  remain  prjfqner  therein,  if  the  in- 
iea  were  not  inftruaed  how  to  prepare  a paflage  from 
it.  It  proceeds  in  the  fame  manner  as  the  roller  of  the 
alh  i it  cuts  with  its  teeth  a little  round  place  in  the  co- 
vering of  the  grain,  which  it  is  very  careful  not  to  dif- 
engage  entirely  from  it.  The  butterfly  need  only 
jirefs  againft  this  part,  in  order  to  obtain  its  liberty. 

In  the  ceptre  of  the  capper  thiftle  there  is  a large  ob- 
long cavity,  which  is  commonly  inhabited  by  a fmall 
caterpillar,  that  makes  a lort  of  cone  therein,  where 
Jhe  transforms  herfelf.  The  rind  pf  the  thiftle  is  much 
harder  than  that  our  corn.  It  would  be  impoffible 
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for  the  butterfly  to  force  a paflage  through  it.  It  would 
have  occafion  for  very  ftrong  teeth  for  that  purpofe, 
and  is  fumilhed  with  no  analogous  inftruments.,  The 
caterpillar,  which  feems  fenfible  of  this,  makes  a Ikilful 
provifxon  for  tbe  neceffities  of  the  butterfly.  It  pierces 
in  different  parts  the  walls  of  its  lodge,  and  makes 
a fmall  round  hole  in  it,  oppofite  the  extreme  part  of 
the  cone  which  the  butterfly  is  to  go  out  at.  But, 
were  this  hole  to  remain  open,  the  chryfalis  would  be 
too  much  expofed.  The  caterpillar  contrives  a very 
fimple  expedient  for  flopping  up  the  aperture.  The 
whole  exterior  part  of  the  head  of  the  thiftle  is  covered 
with  the  feeds  of  the  plant.  The  caterpillar  brings 
fome  of  thefe  little  bodies  to  the  outfide  of  the  hole. 

In  treating  of  the  proceedings  of  aquatic  moths,  we 
have  remarked  that  they  transform  themfelves  in  their 
cafe. . There  muft  be  a continual  frefli  fupply  of  water 
in  this  enclofure : yet,  no  voracious  infedt  fliould  be  al- 
lowed accefs  to  it.  Inflead  of  placing  a full  made  door 
at  the  entrance  of  its  lodge,  the  moth  puts  a grated  one 
there,  which  aqfwers  every  end.  Let  us  not  attribute 
our  method  of  reafoning  to  this  moth.  Does  flie  know 
that  voracious  irifedts  have  a defign  againft  her  life  ? Is 
ihe  fenfible  that  (he  will  put  on  a form  under  which  (he 
will  not  be  afele  to  fly  ? No ; (he  is  ignorant  of  all 
this ; nor  does  it  concern  her  to  know  it.  She  has  been 
taught  to  fpread  threads  that  are  capable  of  growth  ; 
(he  does  fpread  them,  in  fo  doing,  (he  provides  by  a 
machine  againft  the  inconveniencies  which  (he  neither 
knows  or  can  know.  Judge  on  the  fame  principle  of 
other  fadls  of  this  kind.  It  is  always  the  Author  of 
the  infedt  who  alone  is  to  be  efteemed  wonderful. 

30.  I need  not  then  endeavour,  from  the  end  which 
we  difcover  in  the  work  of  an  induftrious  animal,  to 
find  a reafon  for  this  work.  1 would  not  fay,  The 
fpider  fpreads  a net  to  catch  the  flies  ; but  that  the  fpi- 
der  catches  the  flies  becaufe  (he  fpreads  a net,  &c.  and 
(heforms  a net,  becaufe  (he  has  occafion  to  fpin.  The 
end  is  not  lefs  certain,  or  lefs  evident ; only,  it  is  not 
the  animal  that  has  propofed  it,  but  the  Author  of  the 
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animal.  What  lofs  would  natural  theology  fuflain  by 
this  method  of  reafoning  ? Would  it  not,  on  the  con- 
trary, acquire  a greater  degree  of  exadtnefs  ? Let  us 
reafon  then  on  the  operations  of  animals  as  we  do  on 
their  ftrudture.  The  fame  wifdom  which  has  conftrudl- 
ed  and  arranged  with  fo  much  art  their  various  or- 
gans, and  has  caufed  them  to  concur  to  one  determi- 
nate end,  has  like  wife  caufed  thole  numerous  opera- 
tions, which  are  the  natural  effects  of  the  ceconomy  of 
the  animal,  to  contribute  to  one  end.  He  is  directed 
towards  his  end  by  an  invifible  hand ; he  executes  with 
precifion,  from  the  very  beginning,  the  works  which 
we  admire  ; he  feems  to  adt  as  if  he  was  capable  of 
reafoning,  to  turn  about  with  propriety,  and  to  change 
his  method  as  there  is  occafion,  and  in  aH  this  only 
obeys  thofe  fecret  fprings  by  which  he  is  actuated ; he 
is  only  a blind  inftrument  that  cannot  judge  of  his 
own  action,  but  is  excited  to  it  by  that  Adorable  Mind 
which  has  traced  out  to  every  infedt  his  little  circle,  as 
he  has  marked  out  to  each  planet  its  proper  orbit. 
When  therefore  1 fee  an  infedt  working  on  the  conftruc- 
tion  of  a net,  a cone,  or  a chryfalis,  I am  feized  with 
refpedt,  becaufe  I am  beholding  a fight  where  the  Su^ 
preme  Artitt  is  concealed  behind  the  feene. 

3 1 . Many  fpecies  of  folitary  bees  content  themfelves 
with  penetrating  into  the  earth  ; fcoop  out  cylindrical 
cavities  therein,  and  polilh  the  walls.  They  depofit 
an  egg  there  and  amafs  a fufficient  quantity  of  nou- 
rifhment. 

There  is  another  fpecies^  thefe  worms  that  pierce 
the  earth,  whofe  induftry  is  much  more  remarkable. 
They  do  not  content  themfelves,  like  the  others,  with 
an  entire  naked  cavity.  On  vifiting  the  infide  of  the_ 
lodge,  immediately  after  its  conftrudlion,  we  are  agree- 
ably furprifed  to  fee  it  hung  quite  round  with  tapeftry 
of  the  moft  - beautiful  crimfon  fatin,  affixed  to  the 
fides  as  our  tapeftry  is  to  the  walls  of  our  apartments, 
but  with  much  more  propriety.  Thee  bee  does  not 
only  line  in  this  manner  the  whole  infide  of  her  dwel- 
ling ; but  alfo  fpreads  the  fame  kind  of  tapeftry  round 
' the 
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the  entrance,  to  the  diftance  of  two  or  three  lines.  We 
have  obferved  many  caterpillars  that  line  the  infide  of 
their  cone  or  enclofure  with  filk : our  bee  is  the  only 
infeft  at  prefent  known,  which  properly  fpeaking,  hangs 
her  neft  with  tapeftry,  as  we  do  our  apartments.  It  is 
therefore  with  good  reafon  that  this  induftrious  animal 
has  received  the  name  of  the  tapeftry-bee. 

You  feem  at  a lofs  to  know  from  whence  fhe  pro- 
cures the  rich  tapeftry.  Look  at  the  flowers  of  this 
wild-poppy,  which  are  newly  blown  : obferve  that  they 
are  floped  here  and  there.  Compare  them  with  the 
tapeftry  whofe  tiflue  you  are  defirous  of  knowing,  you 
can  find  no  difference  between  them  : this  tapeftry  is  - 
no  other  than  the  fragments  of  the  flowers  of  the  wild- 
poppy ; and  that  is  the  fecret  origin  of  thofe  flopings 
you  remark  on  the  poppies  that  border  upon  the  nefK 
Your  curiofity  is  not  yet  fatisfied  ; you  are  defirous  of 
obferving  a little  the  labour  of  our  fkilful  worker  ia 
tapeftry. 

. The  hole,  which  (he  digs  perpendicularly  into  the 
earth,  is  about  three  inches  in  depth.  It  is  exactly  cy- 
lindrical, as  fai  as  to  feven  or  eight  lines  of  the  bottom. 
There  it  begins  to  open  wider,  which  it  does  more  and 
more.  When  the  bee  has  made  an  end  of  giving  it  the 
fuitable  proportions,  fhe  proceeds  to  line  it  with  the 
tapeftry. 

With  this  view,  fhe  applies  herfelf  to  cutting,  with 
abundance  of  art,  pieces  of  petals  * of  an  Oval  form 
from  the  flowers  of  the  wild-poppy,  which  fhe  feizes 
with  her  legs,  and  conveys  into  her  hole.  Thefe  little 
fcraps  of  tapeftry,  when  u^ifported  thither,  are  very 
much  crumbled ; but  th^Kpeftry-bee  knows  how  to 
fpread  them  out,  difplay  them,  and  affix  them  to  the 
walls  with  aftonifhing  art. 

She  applies  at  lea  ft  two  layers  of  the  petals.  She 
fpreads  two  tapeftries  on  each  other.  The  reafon  of  her 
furnifhing  herfelf  with  it  from  the  flowers  of  the  wild- 
poppy,  rather  than  from  thofe  of  many  other  plants,  is, 
becaufe  in  them  are  united,  to  a higher  degree,  all  thofe 
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qualities  whieJi  are  requifite  for  the  ufe  to  Which  the 
bee  defigns  to  put  them. 

When  the  pieces  which  the  bee  has  cut  and  tranf* 
ported  are  found  to  be  too  large  for  the  place  they  are 
intended  to  occupy,  (he  cuts  off  the  fuperffuous  parts  of 
them,  and  conveys  the  Ihreds  out  of  the  apartment. 

After  hanging  the  tapeftry,  the  bee  fills  the  neft  with 
pafte,  to  the  height  of  feven  or  eight  lines.  This  is  all 
that  is  neceflary  for  the  nourilhrtient  of  the  worm.  The 
tapeftry  is  defigned  to  prevent  the  mixture  of  particles 
of  earth  with  the  pafte. 

You  expeft  undoubtedly  that  the  prudent  bee  (hould 
not  fail  to  clofe  up  effe&ually  the  aperture  of  the  neft* 
in  order  to  hinder  the  accefs  of  thofe  infe&s  into  it  that 
are  fond  of  the  pafte  > this  (he  takes  proper  care  to  do  i 
and  it  is  utterly  impoffible  for  you  to  difcover,  from  the 
furface  of  the  ground,  the  fpot  where  the  neft  was, 
whofe  conftrudtion  you  have  juft  been  contemplating, 
fuch  is  the  Ikill  employed  by  the  bee  in  doling  it.  This 
little  white  pebble  was  at  the  edge  of  the  hole,  or  very 
near  it  j it  has  not  changed  its  place,  and  indicates  to 
us  the  part  beneath  which  the  neft  is  we  are  fearching 
for.  It  feems  then  as  if  we  fhould  have  nothing  more 
to  do  than  to  raife  up  a light  layer  of  earth,  in  order 
to  expole  to  view  the  entrance  of  the  hole,  which  has 
been  fo  well  clofed.  Nothing  can  be  eafier  or  lefs 
doubtful.  How  great  is  your  furprife  ! you  have  al- 
ready taken  up  two  or  three  inches  of  the  earth  in  depth, 
and  you  cannot  find  the  leaft  appearance  either  of  the 
hole  or  the  tapeftry.  What  can  this  mean  ? What  is 
become  of  the  neft  that  was  fo  Ikilfully  conftrutted,  fo 
properly  lined,  and  was  upwards  of  three  inches  deep  ? 
A few  hours  lince,  you  admired  the  ingenious  con- 
trivance of  it,  and  now  the  whole  has  difappeared,  fo 
that  you  cannot  difcover  the  leaft  trace  of  it.  What 
myftery  then  is  this  ? It  is  effected  as  follows  : 

When  the  bee  has  done  laying,  and  amaffed  her 
quantity  of  pafte,  Ihe  takes  down  the  tapeftry,  folds  it 
over  the  pafte,  which  Ihe  wraps  together  in  it  pretty 
nearly  as  we  fold  on  itfelf  a coffin  of  paper  that  is  half 
full.  The  egg  and  pafte  are  by  this  means  enclofed 
within  a little  bag  of  flowers.  The  bee  has  then  nothing 
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farther  to  do,  but  to  fill  up  with  earth  all  the  void  fpace 
that  is  above  the  bag  ; and  this  flie  performs  with  fuch 
wonderful  a&ivity  and  exactnefs,  as  utterly  to  conceal 
the  place  where  the  neft  was. 

If  a hare  does  not  poffefs,  like  the  rabbit,  the  art  of 
digging  for  himfelf  a burrow,  he  does  not  however  - 
Want  a l'ufficient  degree  of  fagacity  to  enable  him  to  fe- 
cure  himfelf,  and  efcape  from  his  enemies.  He  can 
choofe  for  himfelf  a form,  and  conceal  himfelf  betwixt 
clods  of  earth  that  referable  the  colour  of  his  hair.  - In 
winter,  he  takes  up  his  lodging  to  the  fouth,  and  in  fum- 
roer  time  to  the  north  ; when  ftarted  by  the  dogs,  he 
purfues  the  fame  track  for  fome  time,  goes  the  fame 
way  back  again,  darts  afide,  throws  himfelf  into  a 
buih,  and  there  fquats  down.  The  pack  follow  the 
path,  pafs  before  the  hare,  and  lofe  fcent  of  him. 

The  crafty  animal  fees  them  pafs  by  and  run  far 
from  him,  he  iffues  from  his  retreat,  confounds  his 
courfe,  and  puts  the  hounds  to  a lofs.  He  varies  his 
fhifts  continually,  and  always  condu&s  them  as  his  cir- 
cumftances  require.  Sometimes  at  the  cry  of  the 
hounds,  he  quits  his  form,  fpeeds  away  to  the  diftance 
of  a quarter  of  a league,  cafts  himfelf  into  a pond,  and 
lies  hid  among  the  rulhes.  At  others  he  mingles  with 
a flock  of  fheep,  and  will  not  abandon  them.  One  time 
he  conceals  himfelf  under  ground : at  another  leaps 
under  a ruinous  wall,  couches  among  the  ivy,  and  lets 
the  dogs  pafs  him.  Oftentimes  he  runs  along  one  fide 
of  a hedge,  whilft  the  dogs  go  on  the  other.  Some- 
times by  feveral  efforts  he  fwims  acrofs  a river.  JLaftly, 
at  others  he  obliges  another  hare  to  quit  the  form,  in 
order  to  fupply  his  place,  See. 

The  flag,  which  by  the  elegance  and  lightnefs  of  his 
make,  by  thofe  living  branches  with  which  his  head  is 
rather  adorned  than  armed,  his  fize,  ftrength,  and  no- 
ble air  is  one  of  the  grand  ornaments  of  the  forefl,  is 
endued  with  more  fubtlety  than  even  the  hare,  and 
finds  more  exercife  for  the  fagacity  of  the  huntfman. 

When  purfued  by  the  hounds,  he  paffes  and  repaffes 

feveral 
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Several  times  on  his  track ; eludes  their  purfuit  by  ar 
Wring  himfelf  with  other  beafts,  darts  forward,  an  t 
immediately  flees  to  a diftance,  ftarts  afide  and  deals 
away,  and  lies  proftrate  on  his  belly.  The  land  betray- 
ing him  every  where,  he  betakes  himfelf  to  the  water. 
The  hind  that  nourishes  her  young,  prefents  herfelf  to 
the  dogs,  in  order  to  facilitate  the  efcape  of  her  young, 
lhe  runs  away  with  fwiftnefs,  and  afterwards  returns 
to  it. 

32.  The  fox,  celebrated  for  his  fubtilty,  is  no  lefs  cir- 
cumfpect  than  Ikilful,  no  lefs  vigilant  than  crafty,  he 
weighs  cautioully  the  lead  of  his  meafures,  ftudies  cir- 
cumftances,  watches  inceflantly,  and  has  always  fome 
contrivance  in  referve  to  aflift  him  upon  an  exigency. 
His  genius  fo  fruitful  in  refources,  multiplies  almoft  to 
infinity  his  flxifts  and  ftratagems. 

- Though  extremely  fleet  in  running,  he  does  not  truft 
to  his  natural  fwiftnefs  : he  judges  that  that  alone 
would  not  be  fufficient  for  his  preservation,  He  works 
for  himfelf  a timely  afylum  under  ground  : where  he 
takes  refuge  in  cafe  of  neceffity,  and  lodges,  and  brings 
up  his  family. 

He  eftablilhes  his  dwelling  place  on  the  border  of 
woods,  and  in  the  neighbourhood  of  farm-houfes. 
He  liftens  afar  off  with  an  attentive  ear  to  the  cackling 
of  poultry,  diredts  his  fteps  accordingly,  arrives  by  fe- 
veral  winding  ways,  fquats  himfelf  down,  paffes  along 
on  his  belly,  lies  in  ambufcade,  and  rarely  fails  in  his 
attempt. 

If  he  is  fo  happy  as  to  penetrate  into  the  enclofure, 
he  employs  to  good  purpofe  every  moment  of  his 
time,  and  daughters^  the  whole  flock.  He  immedi- 
ately retreats,  carries  away  with  him  one  of  the  prey, 
conceals  it,  returns  in  learch  of  another,  hides  that  like 
the  former,  and  does  not  ceafe  from  plundering,  till 
he  perceives  he  has  been  difcovered. 

He  is  amazingly  fkilful  in  hunting  young  leverets,  " 
furpriling  the  hares  when  lying  down  ; in  difcovering 
the  neft  of  partridges,  orjquails,  and  feizing  the  mother 
on  her  eggs. 

Equally  bold  as  crafty,  he  has  even  tie  courage  to 
>.-  ■ £3  attack 
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attack  bees : be  attempts  to  get  their  honey,  which  he 
Is  very  fond  of.  - Thefe  warlike  Infers  prefently  aflail 
him  on  all  fides,  and  In  a few  moments  he  is  entirely 
covered  with  them.  He  retires  fome  paces,  rolls  him* 
felf  on  the  ground,  crufhes  them  by  that  means,  re- 
turns to  the  charge,  and  at  length  obliges  this  little 
laborious  people  to  abandon  to  him  the  fruits  of  their 
long  labours. 

I fhall  ardd  but  one  more  inftance  ; if  the  fox  dis- 
covers that  his  young  have  been  diftnrbed  during  his 
abfence,  he  transports  them  one  after  another,  to  a new 
place  of  retreat.  „ 

■»  i'  ■ i"-— 

The  following  is  the  concluding  paragraph  of  vo- 
lume the  fourth  of  the  former  edition. 

1 have  prefented  my  readers  with  a variety  of  faCts 
of  an  interefting  nature,  fufficient  to  enable  them  to 
form  an  idea  of  thofe  pleafures  which  *refult  from  the 
contemplation  of  nature.  But  this  contemplation  would 
prove  fruitlefs,  did  it  not  lead  us  to  afpire  inceflantly 
after  this  adorable  Being,  by  endeavouring  to  acquire 
a knowledge  of  him,  from  that  immenfe  chain  of  vari- 
ous productions  wherein  his  power  and  wifdom  are  dis- 
played with  fuch  diftinguifhed  luftre.  He  does  not 
impart  to  us  the  knowledge  of  himfelf  immediately ; 
that  is  not  the  plan  he  has  chofen  ; but  he  has  com- 
manded the  heavens  and  the  earth  to  proclaim  his  ex- 
iftence,  to  make  him  known  to  us.  He  Has  endued 
us  with  faculties  fufceptible  of  this  divine  language, 
and  has  raifed  up  men  who  explore  their  beauties,  and 
become  their  interpreters.  Imprifoned  for  a while  in 
a fmall  obfcure  planet,  we  only  enjoy  fuch  a portion  of 
light  as  is  fuitable  to  our  prefect  condition-:  let  us 
wifely  improve  each  glimmering  ray  reflected  upon  us, 
nor  lofe  the  {mailed  fpark  : let  us  continually  advance? 
in  this  Effulgent  Light ! A time  will  come,  when  we 
fhall  draw  all  light  from  the  Eternal  Source  pf  Light, 
and  inftead  of  contemplating  the  Divine  Architect  in 
the  works  of  his  hands,  fhall  contemplate  the  workman- 
fhip  in  the^Omnipotent  Author  thereof.  “ We  now  fee 
things  as  through  a glafs  darkly ; but  we  fhall  then 
\ fee  face  to  face.” 

HAVING 


Having  by  reason  of  the  largeness  of 

the  preceding  volumes,  which  contain  much 
more -than  I expected,  some  pages  to  spare,  I 
am  well  pleased  with  an  opportunity  of  insert- 
ing here,  another  extract  from  one  of  the 
most  ingenious  treatises,  which,  I believe,  was 
ever  wrote  upon  the  subject : Mr.  Deutens* 
“ Enquiry  into  the  origin  of  the  discoveries 
attributed  to  the  Moderns.’*  I am  surprised 
that  I never  heard  of  it  till  very  lately ; and  I 
have  met  with  exceeding  few  that  have : al- 
though the  Latin  original  (I  suppose,  for  I 
have  not  seen  it)  has  been  published  good  part 
of  twenty  years,  and  the  elegant  and  judicious 
translation  of  it  was  printed  eight  or  nine  years 
ago.  It  is  true,  I am  hereby  convinced  of  se- 
veral mistakes,  which  I had  been  in  for  many ' 
years.  But  I look  upon  every  such  convic- 
tion as  a valuable  acquisition.  And  I trust* 
my  heart  will  always  say,  both  to  God  and 
man,  “ What  I know  not,  teach  thou  me/* 
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The  AUTHOR’S  PREFACE. 
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IN  the  comparifon  between  the  moderns  and  an- 
cients, a diftinftion  ought  to  be  made  between  the 
arts  and  fciences,  which  require  long,  experience  and 
practice  to  bring  them  to  perfection,  and  thofe  which 
depend  folely  on  talent  and  genius.  Without  doubt, 
the  former  in  fo  long  a feries  of  ages  have  been  ex- 
tended more  and  more,  and  brought  to  a very  high  de- . 
gree  of  perfection  by  the  moderns,  who  in  this  refpeCt 
furpafs  the  ancients,  though  the  art  of  printing,  and 
many  other  difcoveries,  have  not  a little  contributed  to 
it.  We  know  the  aftronomers  in  our  days  underhand 
much  better  the  nature  of  the  (tars,  and  the  whole  pla- 
netary fyftem,  than  Hipparchus,  Ptolemy,  or  any 
other  of  the  ancients.  But  it  may  be  doubted  whether 
they  had  gone  fo  far,  unaided  by  telefcopes.  -The 
moderns  have  certainly  perfected  the  art  of  navigation; 
nay,  and  difcovered  new  worlds ; but  yet  without  the 
affiftance  of  the  compafs,  America  in  all  probability 
had  ftill  remained  unknown.  Likewife'  by  long  ob- 
fervation  and  experiments  often  repeated,  we  have 
brought  the  arts  of  botany,  anatomy,  and  chirurgery, 
to  the  degree  of  perfection  we  now  behold  them  in. 
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_Manv  fecrets  of  nature,  not  to  be  penetrated  in  one 
age,  have  been  laid  open  in  a fucceflion/of  many. 
Morality  itfelf  hath  been  perfe&ed  by  the  Chriftian  Re- 
ligion ; philofophy  hath  aflumed  a new  air : and  the 
trifling,  childifh,  and  vain  cavils  of  the  fchools,  have  at 
length  been  put  to  flight  by  the  reiterated  efforts  of 
Ramus,  Bacon,  Newton,  and  many  others. 

1 willingly  therefore  give  up  to  the  partizans  of  the 
moderns  every  advantage  I have  here  enumerated  ; 
but  there  is  no  need  on  that  account  to  rob  the  an- 
cients of  the  (hare  they  have  had  in  promoting  all  thefe 
parts  of  knowledge,  by  the  pains  they  took  to  beat  out 
for  us  the  trac^s^Ve  have  purfued.  Much  lefs  fhould 
we  afTume,  a^  intern  difcoveries,  what  the  ancients 
really  invented*’ cm 541uftra ted.  It  alfo  deferves  notice, 
that  the  mod  part  of  the  admirable  and  ufeful  inven- 
tions, in  which  our  age  glories,  fuch  as  printing,  gun- 
powder, the  compafs,  telefcopes,  &c.  were  not  the  ac- 
quifitions  of  genius  and  philofophy,  but  mere  effects  of 
chance.  To  place  in  its  true  light  the  (hare  the  an- 
cients have  in  whatever  we  pretend  to  know,  and  even, 
in  what  has  been  called  modern  difcoveries,  is  the  prin- 
* cipal  aim  of  my  prefent  undertaking. 
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Of  the  Circulation  of  the  Bloody  and  the 

Fallopian  Tubes. 


! . •, 

LT^HE  medical  art  affords  ftriking  inftances  of 
Jl  the  injuftice  done  to  the  ancients  in  endeavour- 
ing to  deprive  them  of  the  glory  of  having  made  the 
xnoft  important  difcoveries  in  it.  f I fhall  produce  two- 
or  three  manifeft  proofs  of  this,  a^(f  dodbt  not  but  the 
' reader  will  perceive  not  only  probable  hints,  but  de- 
mon ftrative  evidence,  that  the  ancients  clearly  taught 
what  we  now  difpute  their  having  had  any  knowledge 

. ’ • . • •/  ...  ' ill;  > 

* f ‘ V 

2.  It  is  remarkable  with  regard  to  medicine,  that 
none  of  the  fciences  fooner  arrived  at  perfe&ion ; for 
in  the  fpace  of  two  thoufand  years,  elapfed  fmce  the 
time  of  Hippocrates,  there  has  fcarcely  been  added  a 
new  aphorifm  to  thofe  of  that  great  man,  notwith- 
ftanding  all  the  application  of  fo  many  ingenious  men* 
as  have  fince  ftudied  that  fcience. 

i _ \ 
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3.  I omit  taking  notice  of  fome  modem  authors, 
who  have  endeavoured  to  prove,  that  the  circulation  of 
the  blood  was  known  to  Solomon,  that  I may  pafs  to 
the  more  evident  proofs  of  this  difcovery,  which  Hip- 
pocrates fiirnilhes  us  with.  After  examining  thofe 
paflages,  no  one  will  deny  but  this  able  phyfician  knew, ' 
what  he  expreffes  fo  clearly. 

^ * \ 9 / N . 

4.  In  truth,  it  is  hard  to  conceive  that  he  knew  no- 
thing  of  the  circulation  of  the  blood,  when  we  hear 
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him  fay,  u That  all  the  veins  communicate  cme  with 
the  other,  and  run  into  one  another  : that  the  veins 
which  fpread  themfelves  over  the  whole  body,  filling 
it  with  fpirit,  juice,  and  motion,  are  all  of  them  but 
branches  of  one  original  vein.  I proteft,  I know  not, 
fays  he,  where  it  begins,  or  where  it  ends,  for  in  a cir- 
cle there  is  neither  beginning  nor  ending.”  A little 
further  he  fays,  “ that  the  heart  is  the  fource  of  the  ar- 
teries, which  carry  blood  into  all  parts  of  the  body, 
communicating  to  them  life  and  heat ;”  he  adds,  “ that 
they  are  the  rivulets  which  cherilh  the  human  body, 
and  convey  life  to  every  part  of  man.”  In  another 
part,  he  fays,  that  the  €i  heart  and  veins  are  always  in 
motion.”  He  compares  the  courfe  of  rivers,  which 
return  to  their  fources  in  an  unaccountable  and  extra- 
ordinary manner,  to  the  circulation  of  the  blood.  In 
apoplexies  and  fuch  like  diforders,  which  he  afcribes 
to  obftru&ions  in  the  veins,  he  prefcribes  bleeding,  in 
order  to  procure  a free  motion  to  the  blood  and  fpirits^ 
He  fays  alfo,  that  when  the  bile  enters  into  the  blood, 
it  breaks  its  confidence,  and  diforders  its  regular 
courfe.  He  compares  its  admirable  mechanifm  to 
clews  of  thread,  whofe  filaments  overlap  each  other  5 
and  fays,  that  in  the  body  it  performs  juft  fuch  a cir- 
cuit, always  terminating  where  it  began. 

5.  The  next  to  Hippocrates  is  Plato,  who  fpeaks 
With  clearnefs  of  the  circulation  of  the  blood  ; for 
from  the  heart,  he  fays,  fpring  the  veins  and  blood, 
which  with  rapidity  carries  itfelf  into  all  parts ; adding, 
that  when  the  blood  thickens,  it  flows  with  more  diffi- 
culty through  the  veins.  Ariftotle  too  regards  the 
heart  as  the  origin  and  fountain  of  the  veins  and  blood. 
Jtle  fays,  that  from  the  heart  there  ai  ife  two  veins,  one 
on  the  right,  and  the  other  on  the  left  fide>;  and  he 
was  the  firft  who  called  this  aorta.  He  held  that  the 
arteries,  had  a communication  with  the  veins,  and  that 
they  were  intimately  connedled  together. 

6.  Julius  Pollux,  in  his  Onomafticon,  defcribing  all 
the  parts  of  the  body,  and  their  ufes,  among  other 
things  fays,  infpeakingof  the  arteries,  that  they  are 

M the 


( 112  ) 

“ the  paflages  and  canals  of  the  fpirits,  as  the  vein! 
are  of  the  blood;”  and  in  fpeaking  of  the  heart,  he 
fays,  that  it  u hath  two  cavities,  the  one  of  which 
communicates  with  the  arteries,  the  other  with  the 
veins.”  Apuleius  in  explaining  the  do&rine  of  Plato, 
fpeaks  likewife  of  the  circulation  of  the  blood,  and  in 
a few  words  defcribes  it  as  clearly  as  any  of  the  mo- 
derns. It  is  true,  he  does  not  exprefsly  mention,  that 
the  blood  flows  from  the  heart  through  the  arteries ; 
but  on  its  leaving  the  heart,  he  fuppofes  its  courfe 
along  the  lungs,  to  fpread  itfelf  afterwards  into  all 
parts  of  the  body. 

7.  Nemefius,  bifhop  of  Emifla,  who  may  be  ac- 
counted among  the  ancients,  having  lived  in  the  fourth 
century,  has  a very  clear  paflage  to  this  purpofe, 
wherein  he  fays,  “ that  the  motion  of  the  pulfe  owes 
its  origin  to  the  heart,  and  particularly  to  the  left  ven- 
tricle of  that  vifcus.  The  cordiac  artery  expands  and 
contracts  itfelf  with  very  much  force,  but  always  with 
great  regularity  and  harmony  of  motipn.  In  its  ex- 
panfion  it  draws  in  the  raoft  fubtle  parts  of  the  blood 
from  the  adjoining  veins,  and  of  that  blood  forms  the 
aliment  of  the  vital  fpirits  : and  iu  its  contraction  ex- 
hales all  the  fumes  brought  into  it  by  fecret  paifages 
from  all  parts  of  the  body.” 

* *i;  • 

8.  It  appears  from  what  we  have  faid,  that  the  cir- 
culation of  the  blood  was  known  to  the  ancients ; 
though  they  did  not  expatiate  upon  it  j and  what  re- 
duces to  a very  fmall  degree  the  honour  that  Hervey 
can  claim,  in  making  that  difcovery,  is  that  Servetus 
had  treated  of  it  very  diftin&ly  before  him,  in  the  fifth 
part  of  his  book  De  Chriftianifmi  Reftitutione  ; a work 
fo  very  fcarce,  that  there  are  but  few  who  can  boaft  of 
having  feen  it  in  print.  Mr.  Wotton,  in  his  Reflec- 
tions upon  the  Ancients  and  Moderns,  cites,  this  paf- 
fage  of  Servetus : in  which  he  diftinguifhes  three  forts 
of  fpirits  of  the  human  body,  and  fays,  that  blood, 

« which  he  calls  a vital  fpirit,  is  difperfed  through  the 
body  by  the  anaftomofis,  or  mutual  infertion  of  two 
velTels,  at  their  extremities,  into  one  another.”  Where 
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it  deferves  obfervation,  that  Servetus  is  the  firfl:  who 
employed  that  term  to  exprefs  the  -communication 
between  the  veins  and  arteries.  He  makes  the  “ ei- 
panded  air-in  the  lungs  contribute  to  the  formation  of 
blood,  which  comes  to  them  from  the  right  ventricle 
of  the  heart,  by  the  canal  of  the  pulmonary  artery. 
He  fays,  that  the  blood  is  there  refined  and  perfected, 
by  the  adtion  of  the  air,  which  fubtilizes  it,  and  blends 
itfelf  with  that  vital  fpirit,  which  the  expanded  heart 
then  receives  as  a fluid  proper  to  carry  life  every 
where.  He  maintains,  that  this  conveyance  and  man- 
ner of  preparing  the  blood  in  the  lungs,  is  evident 
from  the  junction  of  the  veins  with  the  arteries  in  this 
vifcus.  And  he  concludes  with  faying,  that  the  heart 
having  received  the  blood  thus  prepared  by  the  lungs, 
fends  it  forth  again  by  the  artery  of  its  left  ventricle, 
called  the  aorta,  which  di (tributes  it  into  all  parts  of 
the  body.”  . Andreas  Cefalpinus,  who  lived  likewife  in 
the  fixteenth  century,  hath  two  pafTages  which  com- 
pletely contain  all  that  we  know  about  the  circulation 
of  the  blood.  “ He  explains  at  length  how  the  blood 
gufhing  from  the  right  ventricle  of  the  heart  through  . 
the  pulmonary  artery,  to  pafs  into  the  lungs,  enters 
by  an  anaftomofis  into  the  pulmonary  veins  to  be 
conveyed  to  the  left  ventricle  of  the  heart,  and  after- 
wards diflributed  by  the  aorto  into  all  parts  of  the 
body.” 

9.  Johannes  Leonicenus  fays,  that  the  famous  Paul 
Sarpi,  otherwife  named  Father  Paul,  was  he  who  dif- 
covered  the  circulation  of  the  blood,  and  firfl  difcerned 
the  valves  of  the  veins,  which  like  the  fuckers  of  a 
pump,  open  to  let  the  blood  pafs,  but  ftiut  to  prevent  * 
its  return  ; and  that  he  communicated  this  fecret  to 
Fabricius  ab  Aquapendente,  Profeffor  of  Medicine, 
at  Padoua,  in  the  fixteenth  century,  and  fucceffor  to 
Fallopius  5 who  difcovered  itfto  Hervey,  at  that  time 
ftudying  phyfic  under  him  in  the  Univerfity  of  Padoua. 

10.  There  is  another  important  difcovery  m Ana- 
tomy, attributed  to  Fallopius,  which  had  a more  an- 
cient origin  ; I mean  the  two  duds  which  infertthem- 
felves  into  the  fides  of  the  womb,  and  ferve  to  convey 
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the  feed  or  female  fperm  from  the  ovaries  into  the 
wttfrib,  and  are  called  the  Fallopian  tubes,  being 
fhaped  almoft  like  a trumpet,  and  thought  to  have  been 
difcovered  by  Fallopius  of  Modena,  who  died  in  thd 
year  1562*  We  find  them  defcribed  as  follows,  by 
Ruffus  of  Ephefus.  " Herophilus,  fays  he,  imagined 
that  females  had  no  feminal  veflels  ; but  in  examining 
the  womb  of  a beaft,  I found  arifing  from  the  ova- 
ries certain  dufts,  which  entwifted  into  each  other, 
were  entirely  varicous,  and  at  their  farther  extremity 
entered  into  the  cavity  of  the  womb.  Upon  com- 
prefiing  them,  there  iffued  from  them  a glutinous  hu- 
mour, and  I am  firmly  perfuaded  they  are  feminal 
veflels  of  the  very  fame  ftrudture  with  thofe  in  male* 
^called  the  varicous  paraflatse.” 
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Of  the  Chirurgery  of  the  Ancients , 
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1.  A S to  the  fubjeft  of  this  Chapter,  I cannot  enter* 
jLjL  tain  my  reader  better  than  by  prefenting  him 
with  an  extraft  of  Mr.  Bernard's  Thoughts  upon  it* 
who  was  firft  Surgeon  to  King  William.  Here  follows 
. a faithful  tranflation  of  part  of  a memoir,  which  he 
imparted  to  his  friend  Mr.  Wotton*  ' 

! i . •>  i ■ * 

. 2.  “ If  we  attend  well  to  what  the  modems  have 
added  to  the  furgery  of  the  ancients*  we  ftiall  be 
obliged  to  own,  that  we  have  not  the  leaft  right  to  de- 
fpife  them,  as  thofe  do  who  know  nothing  of  them,  nor 
have  ever  read  them;  and  who  give  the  ftrongeft  proofs  of 
their  own  ignorance  and  pride,  in  the  manner  wherein 
they  prefume  to  treat  thofe  great  men.  I do  not  (ay, 
that  the  moderns  have  in  no  refpeft  contributed  to  the 
advancement  of  furgery ; but  what  I fay  is  this,  that 

the 
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the  merit  of  the  moderns  confifts  rattier  in  having  re+ 
introduced  the  inventions  of  the  ancients,  and  fet  them 
in  a better  light,  than  in  any  important  difcoveries  that 
they  themfelves  have  made  in  this  fcience.  Whether 
the  art  of  curing  wounds,  falling  immediately  under 
the  obfervation  of  fenfe,  has  for  that  reafon  been  the 
ftudy  of  the  men  of  the  earlieft  times,  and  by  that 
means  fooner  acquired  a degree  of  perfe&ton,  than  the 
other  branches  of  medicine  : or  that  the  moft  part  of 
thofe  who  afterwards  aifumed  the'  profeflion,  were 
, mere  empirics,  and  ignorant  of  it : which  ever  of  thefe 
be  the  cafe,  it  is  certain  this  art  has  not  for  fome  ages 
paft  been  cultivated,  as  it  might  have  been : and  to 
prove  this,  we  need  only  to  reflect  how  few  the  nutfi* 
t>er  of  good  writers  are  upon  this  fubjeCt,  in  compari* 
fon  of  thofe  who  have  written  upon  other  branches  of 
the  arts  and  fciences.  Whoever  is  converfant  with  the 
writings  of  the  ancients,  and  has  (kill  to  judge  of  their 
merit  in  his  own  practice,  will  ingenuoufly  own,  that 
what  renders  the  reading  of  them  more  ufeful  than 
thofe  of  the  modems*  is,  that  they  are  more  exaCi  in 
defcribing  the  fymptoms  and  indications  of  diforders* 
and  more  juft  and  precife  than  the  moderns,  in  diftin- 
guiftxing  the  different  fpecie*  of  ulcers  and  tumors.  If 
our  age  has  retrenched  fome  fuperfluities  of  practice* 
and  it  muft  be  owned  it  has  ; yet  it  cannot  be  (hewn 
that  thefe  methods  came  from  the  ancients.  It  is  much 
more  probable,  that  they  were  in  a great  meafure  intro- 
duced by  the  ignorant  profeffors  of  a later  date.  There  is 
no  doubt  but  the  perfection  to  which  furgery  has  been 
carried  in  thefe  laft  ages,  is  principally  owing  to  the 
difcoveries  which  have  been  made  in  anatomy,  by 
means  of  which  we  are  enabled  to  give  a reafon  for 
many  of  the  phenomena,  which  were  before  inex- 
plicable. But  the  moll  eflential  part,  the  art  of  curing 
wounds,  to  which  all  the  other  part  ought  to  give  wayr 
remains  almoft  in  the  very  fame  (late,  in  which  the  an- 
cients tranfmitted  it  to  us.  What  I have  faid  is  incontef- 
table : and  for  proof  of  it,  I appeal  to  every  courle 
of  furgery  that  has  been  published  by  the  moft  cele- 
brated among  the  modems,  all  of  which  appear  to  be 
but  tranferipts  of  one  another,  excepting  thofe  of  the 
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greateft  note  which  are  taken  from  the  ancients. 
Among  all  the  writers  of  fyftems,  few  deny  the  pre- 
eminence to  Fabricius  ab  Aquapedente,  a man  of  ex- 
quifite  learning  and  judgment,  but  who  is  not  afhamed 
to  declare  that  Celfus  among  the  Latins,  Paul  Egine- 
tus  among  the  Greeks,  and  Albucafis  among  the  Ara- 
bians, are  thofe  to  whom  he  is  mod  indebted  in  the 
compofition  of  his  excellent  work.  But  it  will  be  (aid, 
that  a great  many  methods  of  operation  are  at  prefent 
in  ufe,  which  were  unknown  to  the  ancients.  I fear, 
on  the  contrary,  that  an  impartial  examination  into 
this  would  difcover  many  more,  and  of  greater  utility, 
either  omitted  or  difcontmued,  than  of  new,  which 
we  have  introduced : provided  their  inquiry  were  en- 
tered upon  with  an  impartial  and  unprejudiced  mind. 

3.  44  To  begin  with  the  operation  of  the  ftone,  there 
is  nobody  doubts  but  they  have  a right  to  claim  that  as 
their  own.  Celfus  and  many  others- have  given  us  ex- 
acl  defcriptions  of  it;  though  it  mud  be  owned  that 
the  method  of  operation,  deferving  the  preference  in 
many  refpedls,  and  known  by  the  name  of  the  grand 
operation,  was  the  invention  of  Johannes  de  Romanis, 
of  Cremona,  who  lived  at  Rome  in  the  year  1520, 
and  publithed  his  work  at  Venice  in  1535^  The  in- 
ftrument  that  we  make  ufe  of  in  trepanning,  was 
doubtlefs  firft  ufed  by  the  ancients,  and  only  rendered 
more  perfedl  by  Woodall  and  Fabricius  ab  Aquapen* 
dente.  Tapping  like  wife  is  in  all  refpedts  ah  invention 
of  theirs.  Larnygnotomy,  or  the  opening  of  the 
larynx  in  the  quinfey,  was  pradtifed  by  them  with  fuc- 
cefs  ; an  operation  which,  though  fafe  and  needful,  is 
almoft  out  of  ufe  at  prefent. 

/ v ' ’ v ' - 

4.  “ The  cure  of  the  Hernia  inteftinalis,  with  the. 
diftinguifhing  differences  of  the  feveral  fpecies  of  that 
malady,  and  their  method  of  cure,  are  exactly  de- 
fcribed  by  the  ancients.  It  was  they  who  taught  us 
the  cure  of  the  pterygion  and  c itarad,  and  treated 
the  maladies  of  the  eye  as  judicioufly  as  any  of  our 
modern  oculifts,  who,  if  they  would  ad  with  honouY, 
Ihould  confefs,  that  they  dQ  nothing  more  but  pradife 
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over  again  what  thofe  great  mailers  taught.  The 
opening  of  an  artery  and  of  the  jugular  vein  is  no 
more  a modem  invention,  than  the  application  of  the 
ligature  in  the  cafe  of  an  aneurifm,  which  certainly 
was  not  well  underftood  even  of  late  by  Frederic 
Ruyfch,  that  celebrated  anatomift  of  Holland.  The 
extirpation  of  the  amygdales,  or  of  the  uvula,  is  not 
at  all  a late  invention,  though  it  mull  be  owned  the 
efficacious  cauteries  now  ufed  in  the  cafe  of  the  for- 
mer, were  neither  pra&ifed  nor  known  by  the  ancients. 
The  method  we  now  ufe  of  treating  the  fillula  lacry- 
malis,  a cure  fo  nice  and  difficult,  is  precifely  that  of 
the  ancients,  with  the  addition  that  Fabricins  made  of 
the  cannula  for  applying  the  cautery. 


5.  “ As  to  the  real  cauftic,  which  makes  a confide- 
rable  article  of  forgery,  although  Calleus,  Fienus,  and 
Severinus,  have  written  amply  on  that  fubjedl ; yet  it 
is  evident  frotma  Angle  aphorifm  of  Hippocrates,  that 
this  great  phyncian  knew  the  ufe  of  it  as  well  as  thofe 
who  have  come  after  him : and  befides  it  is  frequently 
fpoken  of  in  the  writings  of  all  the  other  ancients,  who 
without  doubt  ufed  it  with  great  fuccefs  in  many 
cafes  where  we  have  left  it  off,  or  know  not  how  to  ap- 
ply it.  The  cure  of  the  varices  by  incifion,  fcarcely  fo 
much  as  made  mention  of  now,  appears  to  have  been 
a familiar  practice  among  the  ancients,  as  is  manifell 
from  the  works  of  Celfus  and  Paulus  Eginetus ; and 
whoever  is  converfant  in  the  treatment  of  varicous  ul- 
cers, will  agree  that  this  operation  is  abfolutely  necef- 
fary,  for  the  effe&ual  cure  of  them.  The  polypus  o 
the  ear  is  a malady  fo  little  underftood  by  the  modems, 
that  we  meet  but  very  rarely  with  the  name  it  in  their 
writings ; and  yet  the  defcription  of  its  cure  has  not 
been  omitted  by  the  ancients.  They  were  entirely 
well  acquainted  with  all  kinds  of  fra&ures  and  luxa- 
tions, and  the  means  of  remedying  them ; as  well  as 
with  all  the  forts  of  futures  in  ufe  amongft  us,  befides 
many  which  we  have  loft.  And  though  feme  have  ad- 
vanced, that  cauteries  were  unknown  to  them,  we  may 
eafily  convince  ourfelves  of  the  contrary  by  obferving 
what  Celfus  and  Coelius  Aurelianus  have  faid  of  them, 
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allowing,  withal  that  they  feem  not  to  hare  known 
our  method  of  placing  and  continuing  them. 

6.  “ Nor  ought  I to  omit  what  is  fo  manifeft,  that 
nobody  will  deny  it,  that  all  forts  of  amputations,  as 
of  limbs,  breads,  &c.  were  performed  among  them  as 
frequently,  and  with  as  great  fuccefs  as  we  can  pretend 
to.  As  to  the  art  of  bandaging,  fo  very  important 
and  neceffary,  though  much  neglected  at  prefent,  and 
which  the  French  fo  much  pique  themfelves  upon,  as 
if  in  this  they  excelled  all  others ; the  ancients  knew  it  - 
to  fuch  a degree  of  perfection,  that  we  do  not  even 
flatter  ourfelves  without  having  added  any  thing  confi- 
derable  to  what  Galen  hath  taught  us,  in  the  excellent 
traCt  he  was  writ  on  this  fubjeCt.  And  although  the 
moderns  claim  an  advantage  over  the  ancients,  in  re- 
gard to  the  variety  of  their  inftruments,  it  is  neverthe- 
lefs  evident,  that  they  were  ignorant  and  deftitute  of 
none  that  were  neceffary  : nay,  it  is  highly  probable, 
from  what  Oribafius,  nay  and  many  others  have  faid, 
that  they  had  great  variety  of  them.  As  to  topics,  or 
the  remedies  which  are  externally  applied,  it  is  certain 
that  we  are  indebted  to  them,  for  having  inftruCted  us 
in  the  nature  and  properties  of  thofe  we  now  ufe ; and 
as  to  general  methods  of  cure,  the  ancients  have  io 
eminently  excelled,  particularly  in  that  of  treating  the 
wounds  of  the  head,  that  thofe  of  the  modernsfwho 
have  written  moft  judicioufly  upon  it,  though  they 
could  do  no  better  fervice  to  pofterity,  than  comment 
upon  that  admirable  book  which  Hippocrates  wrote  on 
this  fubjeCt. 

1 . , ' ' 

7.  **  It  would  require  more  leifure  and  ability  than 
I have,  concludes  Mr.  Bernard,  to  enter  into  a detail 
of  more  particulars,  and  fhew  what  hath  been  invent- 
ed, fet  aiide,  or  loft  in  different  ages.  What  I have 
already  advanced  fufficiently  makes  it  appear,  that  we 
ought  to  talk  of  the  ancients  with  great  refpeCt ; not 
that  we  ftiould  blindly  yield  to  their  authority,  or 
imagine  that  they  left  nothing  to  be  perfected  in  fol- 


lowing  ages ; but  we  ought  to  imitate  the  celebrated 
Bartholin.  We  make  but  an  Ul  judgment  of  our  own 
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intereft,  fays  that  great  man,  when  we  fo  plunge  bur- 
felves  in  the  ftudy  of  the  moderns,  as  to  negleft  or  con- 
temn that  of  the  ancients,  whofe  writings  are  fo  n£cef-' 
fary  to  throw  light  upon  every  part  of  thefcience.  And 
in  another  place  he  fays,  I have  always  fhewn  a parti- 
cular regard  to  the  opinions  and  maxims  of  the  mo- 
derns, yet  never  without  paying  due  homage  to  anti- 
quity, to  which  we  are  indebted  for  the  very  prime 
foundations  of  our  art.” 
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1. HP  HERE  are  two  principal  fentiments  among 
X the  modems,  relative  to  the  manner  ia  which 
generation  is  effected.  Some  think  that  all  the  parts 
of  the  foetus  are  enclofed  in  miniature  in  thole  eggs 
contained  in  the  ovaries  of  the  female,  which  comma, 
nicate  with  the  womb  by  the  Fallopian  tubes  ; and  that 
the  feed  of  the  male  is  only  a fort  of  matter  proper 
for  detaching  the  egg,  cherilhing  it,  and  conveying  it 
into  the  womb,  where  the  germ  contained  in  the  egg 
afterwards  unfolds  its  parts : this  is  the  fentiment  of 
Hervey,  Red,  and  many  other  celebrated  phyficians, 
who  maintain  that  all  animals  are  oviparous,  and 
fpring  from  eggs,  which  in  the  animal  kingdom  are 
what  feed  is  in  the  vegetable. 

2.  The  other  fentiment  is  that  of  Lewenhoek,  that 
all  animals,  and  even  men,  fpring  from  little  animals 
of  extreme  minutenefs,  contained  in  the  feed  of  the 
male } and  he  looks  upon  the  eggs  in  the  ovary  of  the 
female  only  as  little  nidufes  fit  to  receive  thefe  animal- 
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cula,  and  to  contribute  to  their  developement  and  in- 
creafe,  by  imparting  to  them  the  nourifhment  which 
comes  from  the  veffels  of  the  womb. 

3.  The  firft  of  thefe  fyftems  was  for  a time  general- 
ly received,  and  appeared  to  be  founded  on  juft  obfer- 
vations.  Thofe  who  maintain  it  declare,  that  they 
have  found  eggs  in  the  ovaries  of  every  female  that 
came  under  their  notice,  often  to  the  number  of  more 
than  twenty  in  each  ovary,  and  of  the  fize  of  a green 
pea.  They  draw  another  of  their  arguments  from  the 
analogy  that  nature  every  where  obferves  in  all  her  ope- 
rations, and  particularly  in  the  produ&ion  of  plants 
and  animals.  Now  if  this  fyftem  defervedly  confers 
glory  on  the  inventer  of  it,  it  is  but  juft  that  he  ftiould 
have  it  who  is  beft  entitled  to  it ; and  he  to  whom  it 
appears  primarily  due  is  without  doubt  Empedocles, 
and  next  to  him . Hippocrates,  Ariftotle,  and  Ma- 
crobius. 

4.  Plutarch  relating  the  different  opinions  of  philo- 
fophers,  as  to  the  generation  of  animals  and  produc- 
tions of  plants,  fays,  that  Empedocles  thought  they 
•were  all  of  them  at  firft  irregular  and  imperfect,  but 
acquired  afterwards  fuch  a juft  form  as  diftinguifhed 
them  in  fhape  and  fpecies  from  one  another.  And  he 
concludes  with  faying,  that  animals  are  not  produced, 
like  earth  and  water,  from  homogeneous  bodies ; but  ge- 
nerate one  another  by  the  mixture  of  the  fexes,  and 
like  plants  derive  the  principle  of  their  origin  from  the 
particular  feeds  or  eggs.  This  is  the  very  fame  which 
Ariftotle  intended  to  indicate  as  the  doctrine  of  Empe- 
docles, when  he  introduces  him  as  faying,  “ That 
whatever  was  born,  was  born  of  a particular  feed and 
as  calling  the  feeds  of  plants  their  eggs,  which  fall  of 
themfelves  when  they  are  comedo  maturity. 

5.  Herodotus,  who  lived  almoft  at  the  fame  time 
with  Empedocles,  relating  that  a land  adjoining  to  the 
Nile  had  produced  a great  quantity  of  fife,  gives  a na- 
tural reafonfor  it,  upon  the  principles  of  Empedocles. 
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What  feems  to  me,  fays  he,  to  hare  been  the  caufe  of 
this  raft  increafe  of  fifli,  is  this : during  the  time  of 
the  Nile’s  overflowing,  the  fifties  having  left  in  the 
mud  of  its  borders  a prodigious  quantity  of  fperm  or 
eggs,  thefe  difclofe  themfelves  after  its  retreat,  cover- 
ing the  land  with  a multitude  of  filh. 

6.  Hippocrates,  fpeaking  of  the  formation  of  an 
infant,  defcribes  a foetus  fix  days  old,  comparing  it  to 
a raw  egg  without  the  (hell,  round  and  full  of  a red 
tranfparent  liquor.  In  another  place,  he  (hews  4<how 
the  fame  thing  happens  in  the  generation  of  an  infant, 
as  in  the  production  of  a plant.”  He  fays,  « that  na- 
ture is  always  the  fame,  afling  uniformly  in  the  gene- 
xating  of  men,  and  of  plants,  and  of  every  thing 

elfe.” 

‘ 

7.  Ariftotle  with  ftill  more  precifion,  defcribes  the 
egg  containing  the  foetus— He  fays,  “ that  all  animals 
engender  and  conceive  fir  ft  a kina  of  egg,  containing  a 
liquor  enVeloped  in  a membrane  or  thin  fkin,  refem- 
Ijling  that  of  an  egg-ftiell.”  This,  in  another  place,  he 
plainly  calls  an  egg  i out  of  one  part  of  which,  he 
•fays,  “ the  foetus  is  produced;  that  is,  out  of  the 
yolk ; whilft  the  white  part,  which  is  the  other,  ferves 
to  nourilh  it.** 

• ' • k 

8.  Nothing  can  be  more  clear  than  what  Macrobius 

pronounces  on  this  fubjeCt,  who  pofitively  avers,  that 
of  all  kinds  of  animals  who  copulate,  an  egg  is  the 
firft  principle  of  their  generation  j *an,d  in  another 
place,  that  the  egg  is  the  folution  or  expanfion  of  the 
feed,.  * 1 

9.  The  fyftem  of  animalcules  or  fpermatic  vermi- ' 
euli  has  hindered  that  of  generation  by  the  means  of 
eggs*  fr°m  gaining  the  unanimous  fuffrage  of  the  na- 
turalifts.  Mr.  de  Flantades,  fecretary  of  the  academy 
of  Montpelier,  was  the  firft  among  the  moderns  who 
renewed,  this  conjedure -of  the  ancients.  Lewenhoek 
and  others  confirmed  this  conjecture  by  obfervations  fo 
accurate,  that  they  divided  the  fentiments  of  natura- . ' 
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lifts  'between  their  own  opinion  of  men’s . proceeding  - 
from  fpermatic  animalcula;  and  that  of  Hervey,  ( 
vWjbjch  derives  all  generation  fro.m  eggs.  We  have  air 
ready  feen  that  this  latter  opinion  fprupg  from  Hippo- 
crates,  Ariftotle,  &c.  And  the  other,  of  the  exiftence 
of  fpermatic  vermiculi,  is  as  clearly  taught  by  Plato, 
Hippocrates,  Ariftotle,  and  other  ancient  philofo- 
pjiers,  as  if  they  had  feen  them.  We  can  never  fuffi- 
ciently  extol  the  extreme  penetration  of  thofe  great  ge- 
niufes,  who,  guided  folely  by  reafon,  arrived  fo  long 
before  us,  where  we,  after  all  our  nice  experiments 
arid  laborious  refearches,  are.glad  to  reft. 


10.  Democritus  is  the  fir  ft  of  the  Grecian  philofo- 
phers,  who  hath  fpoken  of  certain  worms,  which  af- 
fume  at  length  the  human  form  ; but  no  author  tranf- 
mitted  to  us,  hath  entered  into  a detail  of  this  opi- 
nion ; though  Epicurus,  Diodorus  Siculus,  and  Eu- 
ripides feem  to  hint  at  it.  Epicurus  thought  that  the 
generation  of  animals  was  efEefted  by  the  continual 
transformation  of  one  into  another.  Anaxagoras  had 
faid  the  fame,  as  well  as  Euripides  .quoted  by  Plutarch, 
Galen,  Eufebius,  and  Philo.  But  Democritus,  m ex- 
plaining  himfelf  more  precifely,  taught,  that  men,  m 
tlieir  firft  original,  appeared  in  the  form  of  imall 
worms,  which  in  all  probability,  he  conceived  to  be 
contained  in  the  feminal  juice  of  the  male ; for  it  is 
natural  toriiippofe,  that  in  this  idea  he  agreed  with 
Hippocrates,  who  ipfinuates,  that  the  feedot  animals  is 
filled  with  animalcula,  whofe  paits  unfold  themfelves 
and  grow  all  at  a-time, 


11.  "That  illuftrious  phyfician  without  all  doubt  held 
conferences  upon  this  fubjfid  with  Democritus,  whom 
he  found  engaged  in  the  defection  of  animals  when  he 
went  firft  to  vifit  him,  and  long  enjoyed  the  utmoft  fa- 
tisfaftion  in  his  company  uponsniatfers  entirely  philo- 
sophical. Ariftotle  feems  to  hint  at  Democritus,  when 
treating  of  the  firft  formation  of  men,  he  fays,  that 
fome  have  thought  that  the  firft  men,  after  having 
fprung  out  of  the  earth,  ■ began  their  exiftence  m the 
form  of  little  worms ; and  in  another  place  he  lpeaks 
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of  Democritus  as  having  believed,  that  in  the  gene- 
rating of  man  the  exterior  parts  of  the  foetus  are  firft 
formed  ; fo  that  it  is  even  then  of  human  {hape,  and 
therefore  even  in  that  condition  may  be  looked  upon 
as  a little  man,  r . 

YZ.  Hippocrates  advanced,  that  nothing  in  nature 
absolutely  periQied ; that  nothing,  taking  it  altogether* 
was  produced  anew  ; nothing  born  but  what  had  a 
prior  exiftence  ; that  what  we  call  birth,  is  only  fuch 
an  enlargement  as  brings  from  darknefs  to  light,  or 
renders  viable  thofe  fmall  animalcula  which  were  be- 
fore imperceptible.  He  fays  a little  farther,  it  is  im- 
poffible  that  what  is  not  ftiould  be  born,  there  being 
nothing  that  can  contribute  to  the  generation  of  what 
has  no  exiftence.  But  he  maintains,  that  every  thing 
increafes  as  much  as  it  can,  from  the  lowed  to  the 
htgheft  degree  of  magnitude.  Thefe  principles  he  af- 
terwards applies  to  human  generation.  He  fays* 
**  that  the  larger  fixes  arife  out  of  the  lefler  ; that  all 
the  parts  fuceeffively  expand  themfelves,  and  grow  and 
increafe  proportionally  in  the  fame  feriesof  time  ; that 
none  of  them  in  reality  takes  the  ft  art  of  another,  fo 
as  to  be  quicker  or  flower  in  their-  growth ; but  that 
thofe  which  are  naturally  larger,  fooner  appear  to  the 
eye  than  thofe  which  are  fmaller,  though  they  by  no 
means  preceded  them  in  exiftence.”  In  fhort,  in  the 
beginning  of  this  book  of  Hippocrates,  we  meet,  with 
a train  of  reafoping  entirely  juft  and  folid,  the  natu- 
ral confequences  of  which  is,  that  at  the  beginning  of 
the  world  the  feeds  containing  the  firft  lineaments  of 
plants  and  animals  came  into  exiftence,  though  their 
extreme  minutenefs  hinders  them  from  being  feen. 
Whence  he  concludes,  as  we  have  already  had  occa- 
fion  to  obferve,  that  the  birth  of  animals  is  only  fuch 
. an  enlargement  of  them,  as  makes  them  pafs  from 
darknefs  into  light. 

13.  It  may  be  objected,  that  we  have  already  repre- 
fented  Hippocrates  and  Ariftotle  as  favouring  the  fyf- 
tem  of  generation  by  eggs ; and  that  we  now  feem  to 
jtfcribe  a contrary  opinion  to  them.  But  it  ought  to  be 
• F 2 - remarked. 
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remarked,  that  in  reality  thefe  two  philofophers  fa- 
voured the  former  fyftem  : for  Ariftotle  only  relates 
the  other  opinion  as  introductory  to  the  eftablifhment 
of  his  'own ; and  Hippocrates  contents  himfelf  with 
infinuating  the  notion,  that  there  may  he  animalcula 
in  the  male  feed-,  without  taking  it  uppn  him  to  efta- 
bliih  it  as  a truth.  Befides,  he  might  have  admitted 
of  fpermatic  vermiculi  in  the  icnfe  that  fome  moderns 
do,  in  order  to  reconcile  the  two  fyftems,  regarding 
the  eggs  as  nidufes  proper  for  the  reception  of  the 
fpermatic  vermiculi,  and  containing  matter  neceflary 
for  contributing  to  their  growth.  In  this  cafe  the 
fpermatic  worm  will  be  the  real  foetus,  the  fubftance 
of  the  egg  is  nourifliment,  and  the  membranes  of  it 
its  wrappers.  - 

. 14.  Plato  hath  ftill  .more  clearly  fpoken  of  thofe 
fmall  animals  which  become  men ? for  after  having 
compared  the  womb  to  a fertile  field,  in  which  the 
feared,  feed  produces  fruit ; he  fays,  “ that  the  ani- 
malcula, which  there  receive  their  growth,  are  at  firft  _ 
fo  extremely  fmall  as  not  to  be  perceptible  to  the  .eye, 
but  coming  gradually  to  unfold  themfelves  and  expand, 
by  means  of  the  food  prepared  for  them  in  the  womb, 
tl>ey  afterwards  fpring  forth  into  day  in  all  the  perfec- . 
tion  of  birth.”  Nor  can  it  be  denied  that  Seneca  had 
a very  diftinCt  idea  of  this  fyftem  of  human  genera,- 
tion  by  animalcula,  when  we  find  him  teaching,  that 
« the  human  form  before  birth  was  comprifed  in  the 
feed,  where  all  the  mepibers  of  the  body  were  con- . 
centered  ?nd  (hrouded  up  in  a little  indifcernible 
place.:”  Which  Tertullian  hath  exprefled  in  a few 
words,  when  he  fays,  the  feed  hath  life  in  it  from  the 

very  firft.  , , 

W ' ' ■ r J*  - ' 

| . . 

1-5.  The  difeoyery  refpe&ing  the  multiplicity  of 
animation  of  which  the  polypus  is  capable,  is  what  no- 
body makes  any  difficulty  of  i-egarding  as  due  to  the 
1 moderns,  though  Ariftotle  and  St.  Auguftine  fpeak  of 
it  as  clearly  as  any  of  the  modems,  as  a thing  which 
they  knew  from  their  own  experience.  The  latter'  re- 
) lates  in  his  book  ^concerning  the  dimenfion  of  the  foul, 

that  one  of  his  friends  performed  the  experiment  be- 

‘ . ..  fore 
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fore  him,  cutting  a polypus  in  two  } and  that  imme- 
diately the  two  parts  thus  feparated  betook  themfelves 
to  flight,  moving  the  one  one  way,  and  the  other  ano- 
ther. That  great  man  adds,  that  this  experiment  fud- 
denly  threw  him  into  fuch  amazement,  that  for  fome 
time  he  knew  not  what  to  think  of  the  nature  of  the  - 
foul.  Ariftotle,  fpeaking  of  infers,  fays  almofl.  the 
fame  thing  ; for  without  naming  the  creature  he  fpeaks 
of,  he  obferves,  “ that  there  are  of  thefe  animals  or 
infects,  as  well  as  of  plants  and  trees,  that  propagate 
themfelves  by  Ihoots  and  as  what  were  but  the  parts 

of  a tree  before,  become  thus  diftin<5t  and  feparate 
, trees  : fo  in  cutting  one  of  thefe  animals,  fays  Ariftdw 
tie,  the  pieces  which  before  compofed  but  one  animal* 
become  of  a fudderi-  fo  many  different  individuals* 

* ■ 1 ‘ L 1 * T 0 f v ■*  - ‘ , * - 


CHAP*  IV. 


Of  the  Sexual  System  of  plants. 

. / • ^ r"  • 

* . r l . , • ...  ; fV  s 4 ‘ >r  • 

OBODY  at  prefent  doubts  but  that  plants  pre- 
j_N  pagate  themfelves,  as  animals  do,  by  means 
of  organs,  fome  male  and  others  female  $ that  in  a 
great  many  plants  thefe -two  kinds  of  organs  are  found 
united,  which  plants  are  then  among  naturalills  diftin- 
guiflied  by  the  name  of  hermaphrodites ; arid  that  in 
. other  plants  the  two  fexes  are  fo  feparated,  that  the 

male  are  on  one  Item,  and  the  female  on  another. 
This  fyftem  is  founded,  firft,  on  the  analogy  there  is 
between  the  eggs  of  the  animals  and  the  feed  of  plants,, 
both  ferving  equally  to  the  fame  end,  that  of  propa-/ 
gating  a fimilar  race  : fecondly,  on  the  remarks  that, 
have  been  made,  that  when  the  feed  of  the  female 
plant  is  not  impregnated  with  the  prolific  powder  of 
the  male,  it  bears  no  fruit ; infomuch  that  as  often  as 
the  communication  between  the  fexual  parts  of  plants 

has 
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has  been  intercepted,  they  have  always  proved  barren* 
The  authors  of  this  fyftem,  after  exactly  anatomizing 
all  the  parts  of  the  plant,  affign  to  each  a name, 
founded  on  its  ufe  and  analogy  to  the  parts  of  an  ani- 
mal.  Thus  as  to  the  male  organs,  the  filaments  are 
the  fpermatic  veflels,  their  antheres,  or  tops,  the  tefti- 
cles ; and  as  to  the  female,  the  ftyle  anfwers  to  the  ra- 
gina,  the  germ  to  the  ovary,  and  the  periearpium,  or 
„ fecundated  ovary,  to  the  womb. 

2.  Linnaeus  has  the  honour  of  having  completed 
. this  fyftem,  by  reducing  all  trees  and  plants  to  particu- 
lar clafles,  diftinguiffled  by  the  number  of  their  fta- 
niina,  or  male  organs.  Zaluzianlki  feems  to  have  been 
the  firft  among  the  modems,  who  clearly  diftinguilhed 
from  one  another  the  male,  the  female,  and  the  her- 
maphroditical  plants.  About  a hundred  years  after 
him,  Sir  Samuel  Millington  and  Dr.  Grew  communi- 
cated to  the  Royal  Society  of  London,  their  obferva- 
ticns  on  the  impregnating  duft  of  the  fiamina.  Came- 
rarius,  towards  the  end  of  the  la  ft  century,  obferved, 

■ that  upon  plucking  off  the  ftamina  of  fome  male 
plants  ; fuch  as  the  mulberry-tree  or  the  maize,  the 
buds  that  ought  to  have  produced  fruit,  came  not  to 
maturity.  Malphighi  and  Vaillant  have  alfo  carefully 
confidered  this  fecundating  duft  ; the  latter  of  whom  . 
feems ’to  have  been  the  firft  eye-witnefs  of  this  fecret 
of  nature.  Many  authors  afterwards  applied  them- 
felves  to  improve  this  fyftem. 

3.  We  are  now  to  examine  whether  the  ancients 
< Jcnew  any  thing  of  this,  or  whether  they  only  fpeak  of 

it  in  a vague  and  indecifive  manner.  I agree,  that 
they  do  not  give  fo  exadt  an  account  of  the  anatomy 
. of  every  part  of  the  flower  of  a plant  as  the  moderns 
. do  ; at  leaft,  no  fuch  work  of  theirs  hath  reached  our 

• times.  They  are  even  fometimes  fo  far  miftaken,  as  to 

• apply  fome  of  the  parts  to  purpofes  they  do  not  ferve. 

' But  in  this  they  are  more  excui'eable  than  fome  of.  our- 
ableft  moderns,  who  have  fallen  into  great  errors  on 
this  fubjedt,  notwithftanding  all  the  inftrudtions,  expe- 
riments and  obfervations  of  their  cotemporaries.  The 

ableft: 
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ablet?  botanift  of  his  age,  Mr.  de  Tourhefort,-  who 
could  not  be  ignorant  of  what  had  been  advanced  by- 
Millington)  Grew,  Malphighiy  and  Camerarius,  y*t 
maintains,-  that  the  ftamina  of  flowers  ferve  only  to 
fecrete  or  void  the  lefs  ufeful  parts  of  the  nutritive 
juices,-  and  are  only  the  excretory  veflels  belonging  to 
the  calix  of  the  flower. 

. _ —7  « . * 4 ' % • • *▼  ✓ 

4.  Having  made  this  conceflion,  t rtfey  with  the 
more  fafety  affirm,  that,  this  one  circumftance  ex- 
cepted, of  which  I have  heref  made  mention*  the  an- 
cients perfectly  underftood  the  fexual  difference  in 
plants,  the  fecundation  of  the  fruits  of  the  female  by 
the  duft  of  the  flowers  of  the  male,  and  had  a diftinft 
idea  of  the  two  fexes^as having  place  in  different  indi- 

- viduakr  - ' 

5.  Theophraftusfays,  that  trees  may  be  diftinguiflied 

Into  feveral  clailed-  on  account  of  their  great  variety  ; 
but  that  the  moil:  univerial*  difference  among  them  is 
that  of  their  gender,  Whether  or  female*—  And 

Ariftotle  oblerves,  that  we  ought  not  to  fancy  that  the 
intermingling  of  fexes  in  plants  k the  fame  as  among 
animals*  * 

V.  • • * V*  ' ' ? \ i . ' ' . 

6.  There  wer^,  it  <kem‘s,  various  opinions  among 
the  ancients  as  to  the  manner  in  which  plants  fliould  be 
admitted  to  have  a difference  ef  fex.  Some  looked 
upon  them  as  complete  in  that  tefpeft,  each  individual 
containing  in  itfelf  the  power  of  both  fexes.  Empe- 
docles endeavoured  to  folve  this*  whether  in  plants  the 
male  was  diftinft  from  the  female  : or,  whether  the 
fexes  were  united  in  each  of  the  fpecies : and  he  con- 
cluded, that  plants  were  liermaphroditical ; that  is,  a 
compofition  of  both  fexes.  Ariftotle  doubted,  whe- 
ther he  ought  to  admit,  that  the  two  fexes  combined  in 
the  fame  plant,  or  fliould  pronounce  that  they  exifted 
feparately. 

* * ' Z ~-  • * * . . '1'  ,-r  4 4 

7.  True  it  is,  this  author  errs  widely  in  his  manner  • 

j of  diftinguifliing  the  male  from  the  female  plant ; for 

he  thought  the  difference  to  conlift  in  this,  that  .the  - 

male 
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male  was  larger  and  ftronger,  the  female  weaker  but 
more  fruitful.  He  faid  alfo  that  the  male  was  more 
dry,  and  came  fooner  to  maturity  than  the  female. 
But  it  ftiould  be  obferved,  it  is  not  upon  the  teftimony 
of  Ariftotle  that  we  attempt  to  Ihew,  the  ancients 
knew  the  fexual  fyftem  of  plants.  This  is  what  only 
appears  confufedly  in  his  writings  ; for,  he  employs 
himfelf  rather  in  giving  the  fentiments  of  others  than 
in  advancing  reafons  of  his  own. 

8.  Empedocles  thought  that  whatever  grew,  drew 
its  origin  from  feed,  which  he  compares  to  eggs  in  this 
refpeft ; that  it  originally  contains  in  it  a nutritive  ali- 
ment, which  it  immediately  communicates  to  the  root. 
And  Ariftotle,  reafoning  on  this  fentiment  of  Empe- 
docles, fays,  “ that  in  plants  the  two  fexes  are  united,” 
which  makes  them  capable  of  propagating  themfelves ; 
but  inftead  of  a foetus,  they  produce  feed,  which  is  the 
fruit  of  their  generative  faculty.  ' And  on  this  account 
Empedocles  called  plants  oviparous  ; for  the  feed,  or 
u egg,”  faid  he,  <c  is  the  fruit  of  the  generative  faculty, 
one  part  of  which  ferves  to  form  the  plant,  and  the 
other  to  nourifti  the  germ  and  root ; in  animals  of  diffe- 
rent fexes,  we  fee  that  nature,  when  they  would  pro- 
create, impels  them  to  unite,  and  like  plants  to  be- 
come one ; that  from  this  combination  of  two,  there 
may  fpring  up  another  animal.” 

9.  As  to  the  manner  in  which  fruits  were  impreg- 

nated, the  ancients  were  not  ignorant,  that  it  was  by 
means  of  the  prolific  duft  contained  in  the  flower  of 
the  male  ; and  they  carried  the  accuracy  of  their  ob- 
fervations  fo  far  as  to  remark,  that  the  fruits  of  trees 
never  come  to  maturity,  till  they  have  been  cherifhed 
with  that  duft.  Upon  this,  Ariftotle  fays,  “ that  if 
one  {hake  the  duft  of  a branch  of  the  male  palm  over 
the  female,  her  fruits  will  quickly  ripen  ; and  that 
when  the  wind  fheds  this  duft  of  the  male  upon  the  fe- 
male, her  fruits  ripen  apace.”  ~ 

• . . ♦-!  * 
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10.  Theophraftus,  treating  of  the  fame  fubjett, 
fays,  “ They  bring  the  male  to  the  female  palm  in  or- 
der 
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der  to  make  her  produce  fruits.  The  mahrier  ii)  which 
they  proceed  is  this.  When  the  male  is  in  flower,  they 
feledt  a branch  abounding  in  that  downy  duft  which 
refides.in  the  flower,  and  Ihake  this  over  the  fruit  of 
the  female.  This  operation  prevents  the  fruit  from 
becoming  abortive,  arid  brings  it  foon  to  perfedt  ma- 
turity.” “ Naturalifts,”  fays  Pliny,  “ admit  the  dif- 
: tindtion  of  fex  not  only  in  trees,  but  in  herbs,  and  in  all 
plants.  Yet  this  is  no  where  more  obfervable,”  adds 
he,  “ than  in  palms,  the  females  of  which  never  pro- 
pagate, but  when  they  are  fecundated  by  the  duft  of 
the  male.”  He  calls  the  female  palms,  deprived  of 
male  afliftance,  barren  widows.  He  compares  the  con- 
jundtion  of  thefe  plants  to  that  of  animals  ; and  fays, 
“ that  to  generate  fruit,  the  female  needs  only  the  afc 
pprfion  of  the  duft  of  the  flowers  of  the  male.” 


CHAP.  V. 

Of  the  Chymistry  of  the  Ancients . 


1.  T F we  will  be  guided  by  the  greateft  number  of 
X'  etymolbgifts,  there  needs  no  deep  refearch  to  de- 
monftrate  the  antiquity  of  Chymiftry.  Its  name  feems 
to  declare  its  origin.  It  is  agreed  almoft  by  all,  that 
it  was  firft  cultivated  in  Egypt,  the  Country  of  Chain, 
of  whom  it  is  fuppofed  to  have  taken  its  name 
Chemia,  five  Chamia,  the  fcience  of  Cham.  In  the 
/ . 105th  pfalm,  Egypt  is  called,  “ The  Land  of  Cham.” 
According  to  Bockart,  the  Coptes  ftill  call  themfehfes 
Chemi,  or  Chami ; and  Plutarch,  in  his  Ifis  and  Ofiris, 
lpeaking  of  a diftridl  of  Egypt,  names  it  Charriia, 
quafi  Chimia.  But  without  entering  here  into  a phi- 
lological diicuflion,  I lhall  content  myielf  witi(  confider- 
ing  whether  the  ancients  were  Chymifts,  and  to  wnat 
degree  -9  and  hope  to  make  it  appear,  that  they  not 

F 3 only 
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only  knew  all  of  that  art,  which  we  do,  but  had  fucb 
infight  in  it,  as  we  have  not  at  prefent.  „ 

2.  The  firft  in  (lance  that  occurs  for  afcertaining  the 
antiquity  of- the  fcience,  is  of  a very  remote  date.  No- 
body, I think,  will  doubt,  but  Tubal-Caio,  and  thofe 
who  with  him  found  out  the  way  of  working  in  brafs 
and  iron,  mud  have  been  able  chymifts.  It  was  im- 
poffible  to  work  upon  thefe  metals,  without  knowing 
the  art  of  digging  them  out  of  the  mine,  of  excavating 

- them,  and  of  refining  and  feparating  them  from  the 
ore,  all  which  are  chymical  operations,  and  muft  have 
been  at  firft  invented  by  thofe  who  excelled  in  the  art, 
however  afterwards  they  might  be  put  in  practice  by 
the  meaneft  artizans.  Thofe  who  are  engaged  -in  the 
working  of  copper  mines,  for  inftance,  and  know  that 
the  metal  muft  pafs  above  a dozen  times  through  the 
fire,  before  it  can  acquire  its  proper  colour  and  duc- 
tility, will  eafily  enter  into  this  fentiment.  It  is  need- 
lefs  to  bring  together  here  all  the  paffages  of  Heathen 
Hiftorians,  which  fpeak  of  Vulcan  in  the  fame  manner 
as  the  lacred  Author  does  of  Tubal-Cain,  and  to  (hew 
the  reader  from  the  refemblance,  and  as  it  were  iden- 
tity of  names,  that  all  of  them  relate  to  one  and  the 
fame  perfon.  It  is  enough  to  obferve  that  thofe  au-> 
thors  reprefent  Vulcan  as  (killed  in  operating  upon 
iron,  copper,  gold,  filver,  and  all  the  other  bodies  ca- 
pable of  fuftaining  the  action  of  fire. 

3.  I iikewife  pafs  over  whatever  carries  in  it  the 
air  of  fable:  fuch  as  the  ftory.ofthe  Golden  Fleece; 
the  Golden  Apples  that  grew  in  the  gardens  of  the 
JHefperides,  the  reports  of  Manethon  and  Jofephus 
with  relation  to  Seth’s  pillars,  and  come  to  faCts  real 
and  eftablifhed : and  for  the  fake  of  Chronology,  I 
fliall  (till  adhere  to  the  facred  Text,  in  contemplating 
an  aCtion  of  Mofes,  who  having  broken  the  Golden 
Calf,  reduced  it  into  powder  to  be  mingled  with  water, 

and  given  to  the  lfralites  to  drink  ; in  one  word,  ren-  j 

- dered  the  gold  potable : an  operation  fo  difficult,  that 
it  is  entirely  impracticable  to  moft  of  the  Chymifts  of 

days,  and  owned  by  Boerhaave  to  be  of  fo  exalted 

a kind 
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a kind,  that  it  is  unknown  at  prefent  to  the  mod  IkU- 
ful.  Yet  it  mud  be  admitted,  that  it  had  been  looked 
upon  bjr  fome  able  Chymifts,  as  practicable,  who  at  the 
fame  time  acknowledged  it  to  be  a mod  remarkable 
proof  of  Mofes*  eminent  {kill  in  all  the  wifdom  pf 
Egypt.  uFor  how,  without  the  aid  of  Chymiftry,  could 
Mofes  have  diflolved  the  golden  calf,  and  that  too 
without  applying  corrofives,  which  would  have  poifon- 
ed  all  who  had  afterwards  drank  of  the  waters  ? Yet 
this  was  to  be  done,  and  in  a lhort  time  too,  though 
there  be  but  one  way  of  doing  it.  Frederic  the  Third, 
King  of  Denmark,  curious  to  put  this  operation  in 
practice,  engaged  fome  able  chymifts  to  attempt  it. 
After  many  trials  they  at  laft  fucceeded,  but  it  was  in 
following  the  method  of  Mofes  by  firft  reducing  the 
gold  into  fmall  parts  by  means  of  fire,  and  then  pound- 
ing in  a mortar  (along  with  water,)  till  it  was  fo  far 
diftolved  as  to  become  potable.  This  faCt  cannot  be 
called  in  queftion,  nor  has  it  any  thing  fupernatural  in 
it.  We  know  that  Mofes  was  inftruCted  in  all  the 
learning  of  the  Egyptians,  among  whom  the  fciences 
were  cultivated  with  all  manner  of  fuccefs,  and  from 
whom  the  moll  eminent  philofophers  of  Greece  deriv- 


ed their  knowledge. 


4*.  How  they  formed  that  cement,  which  they  ap- 
plied in  rearing  thefe  monuments  that  dill  fubfift,  re- 
mains a feeret  to  us ; though  it  be  pad  all  doubt,  that 
they  prepared  it  in  a:chymical  way,  fo  hidden,  how- 


ever to  us,  that  we  daily  lament  the  lofs  of  it.  The 
numberlefs  mummie^l^hich  dill  endure,  after  fo  long 
a couffe  of  ages,  ought  io  afcertain  to  the  Egyptians 
the  glory  of  having  carried  chymiftry  to  a degree  of 
perfection  attained  but  by  few.  In  their  mupamies 
alone,  there  is  fuch  a feries  of  operations,  that  fome  of 
them  dill  remain  unknown,  notwithftanding  all  the  at- 
tempts of  fome  of  the  abled  moderns  to  recover  them. 

. The  art  of  embalming  bodies,  and  preferving  them  for 
many  ages,  is  abfolutely  loft ; and  never  could  have  * 
been  carried  fo  far  as-it  was  by  the  Egyptians,  with- 
out the  greateft  {kill  in  Chymiftry.  All  the  eflays  to 
reftore  this  art,  have  proved  ineffectual,  nor  have  thi 
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re-iterated  analyfes  made  of  mummies,  to  difcover  the 
ingredients  of  which  they  were  compoled,  had  any  bet-, 
ter  fuccefs.  Some  moderns  have  attempted,  by  cer- 
tain  preparations,  to  preferve  dead  bodies  entire,  but  to 
no  purpofe.  The  mummies  of  Lewis  de  Bils,  who 
was  regarded  as  eminent  in  that  way,  are  aheady  in  a 
ftate  of  corruption.  There  were  alfo,  in  thofe  mum- 
mies of  Egypt,  many  things  befides,.  which  fall  within 
the  verge  of  Cbymiftry  : fuch  as  their  gilding,  fo 
‘ very  frefh,  as  if  it  were  but  of  fifty  years  Handing  ; and 
their  flained  filk,  fo  vivid  in  its  colours,  though  after  a. 

- feries  of  thirty  ages.  In  the  Mufeum  at  London,  there 
is  a mummy  covered  all  over  with  fillets  of  granated 
glafs,  various  in  colour,  which  ftiews  that  this  people  at 
that  time,  underftood  not  only  the  making  of  glafs,  . 
but  could  paint  it  to  their  liking.  It  may  be  remark- 
ed here,  that  the  ornaments  of  glafs  with  which  that 
mummy  is  bedecked,  are  tinged  with  the  fame  co- 
lours, andTet  off  in  the  fame  tafte,  as  the  dyes  in  which 
almoft  all  other  mummies  are  painted  ; fo  that  it  is 
pro%able,  this  kind  of  ornaments  being  very  expenfiye, 
was  referved  for  perfonages  of  the  firft  rank  only,  whilft 
others,  who  could  not  afford  this,  contented  themfelves 
with  an  imitation  of  it  in  painting. 

5,  It  would  be  eafy  to  make  a more  extenfive  enu- 
' meration  of  the  particulars  of  the  chymical  procefs, 
which  concurred  to  the  compofttion  of  a mummy ; but 
I proceed  to  take  notice  of  their  manner  of  painting 
upon  linen,  which,  if  I miftake  not,  is  ftill  a iecret  to 
us.  After  having  drawn  the  outlines  of  their  defign 
upon  the  piece  of  line®,  they  filled  each  compartment 
of  it  with  different  forts  of  gums,  Prepared  to  abforb 
the  Various  coIouts  ; fo  that  none  of  them  could  be  dif- 
tinguifhed  from  the  whitenefs  of  the  cloth.  Then  they 
dipt  it  for  a moment  in  a caldron  full  of  boiling  liquor, 
prPper  for  the  purpofe : and  drew  it  thence  painted  in 
all  the  colours  they  intended.  . And  what  was  remark- 
able, the  colours  neither  decayed  by  time,  nor  moved  in 
the  waffling : the  cauftic,  impregnated  the-  liquor 
wherein  it  was  dipt,  having  penetrated  and  fixed  every 
colour  intimately  through  the  whole  contexture  of  the 

cloth. 
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cloth.  This  Angle  inftance  is  fufEcient  to  give  ns  a 
very  high  conception  of  the  progTels  that  Chymiftry 
had  made  among  the  Egyptians,  though  their  hiftory 
affords  a thoufand  others  of  the  kind,  not  to  be  won- 
dered at  among  a people  fo  very  active  and  induftrious, 
where  even  the  lame,  the  blind,  and  the  maimed,  were  , 
in  eonftant  employment,  and  fo  little  fubjeCt  to  envy, 
that  they  infcribed  their  difcoveries  in  the  arts  and  fci- 
ences,  upon  pillars  reared  in  holy  places,  in  order  to 
omit  nothing  rhat  might  contribute  to  the  public  uti- 
lity. The  Emperor  Adrian  attetts  this  firft  part  of 
their  character,  in  a letter  written  to  the  Conful  Ser- 
vianus,  upon  preferring  him  with  three  very  curious 
cups  of  glafs,  which  like  a pidgeon’s  neck  reflected,  on 
whatever  fide  they  were  viewed,  a variety  of  colours, 
re  prefenting  thofe  of  the  precious  ftone  called  Obfidia- 
num,  which  forne  commentators  have  imagined  to  be 
the  Cats-eye,  and  others  the  Opal. 


6.  This  art  of  imitating  precious  Hones,  was  not 
peculiar  to  the  Egyptians  ; the  Greeks,  who  indeed  de- 
rived their  knowledge  from  thofe  great  mafters,  were 
alfo  very  fkilful  in  this  branch  of  Chymiftry.  They 
could  give  to  a compofition  of  cryftal,  all  the  different 
tints  of  any  precious  ftone  they  wanted  to  imit:»fe.% 
Pliny,  Theophraftus,  and  many  others,  give  inftances 
of  this  ; but  they  moft  remarkably  excelled  in  an  exaCt 
imitation  of  the  ruby,  the  hyacinth,  the  emerald,  and 
the  fapphire. 


7.  Chymiftry  being  a principal  branch  of  medicine, 
it  will  not  be  amifs  to  mention  forne  particulars,  where- 
in the  Egyptians  have  contributed  to  the  perfection* of 
that  fcience.  I fet  afide  the  hiftory  of  Efculapius,  wrho 
was  inftruCted  by  Mercury  or  Hermes.  Their  phar- 
macy depended,  much  upon  Chymiftry  ; witnefs  their 
manner  of  extracting  oil,  and  preparing  opium,  for 
alleviating  of  acute  pains,  or  relieving  the  mind  from 
melancholy  thoughts.  Homer  feems  to  have  had  this 
daft  in  view,  when  he  introduces  Helen  as  miniftering 
to  Telemachus  a medical  preparation  of  this  kind. 

' They  alfo  made  a compoiition  or  preparation  of  clay 
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or  fuller’s  earth,  adapted  to.  the  relief  of  many  dif- 
orders,  particularly  to  render  the  flefhy  parts  dry,  and 
thence  to  cure  the  dropfy  and  the  hemorrhoides.  They 
knew  all  the  different  ways  of  compofmg  falts,  nitre, 
and  alum,  fal  cyrenaic  or  ammoniac,  fo  called  from  be- 
ing found  i^  the  environs  of  the  Temple  of  Jupiter 
Ammon.  They  made  ufe  of  the  litharge  of  filver,  the 
ruft  of  iron,  and  calcined  alum,  in  the  cure  of  ulcers, 
cuts,  boils,  defluxions  of  the  eyes,  pains  of  die  head, 
&c.  and  of  pitch  againft  the  bite  of  ferpents.  They  fuc- 
cefsfully  applied  cauftics.  They  knew  every  different 
way  of  preparing  plants,  or  herbs,  or  grain,  whether 
for  medicine  or  beverage.  Beer  in  particular,  had  its 
origin  among  them.  Their  unguents,  were  of  the 
higheft  eftimation,  and  moft  lading  ; and  their  ufing 
remedies,  taken  from  metallic  fubftances,  is  fo  manifeft 
in  the  writings  of  Pliny  and  Diofcorides,  that  it  would 
be  needlefs  to  enter  .upon  them  here.  Diofcorides  often 
makes  mention  of  their  metallic  preparations,  fuch  as 
burnt  lead,  cerufe,  verdigreafe,  and  burnt  antimony; 
all  which  they  made  ufe  of  in  their  plaifters,  and  other 
external  applications.  It  fhould  be  obferved  here,  that 
I have  had  nothing  in  view,  but  the  pharmacy  of  the 
Egyptians;  otherwise  I might  have  made  mention  of 
the  Theriac,  that  famous  compofition  of  Andromaxhus 
the  phyfician  of  Nero,  which  has  at  all  times  been  in 
high  eftimation,  and  is  now  in  as  much  repute  as  ever. 
What  little  I have  advanced  reipeding  the  medicinal 
chymiftry  of  the,  ancients,  muft  fuffice  upon  this  oc- 
cafion  ; the  Greeks  and  Romans  prefentftig  a field  too 
- vaft  to  be  comprized  in  a trad  of  this  kind.  Hippo- 
crates efpecially,  the  cotemporary  and  friend  of  De- 
mocritus, was  remarkably  afliducus  in  the  cultivation 
of  Chymiftry.  A learned  man  has  compofed  an  entire 
book  on  the  extenfive  comprehenfion  he  had  of  it, 
whereby  it  appears,  that  he  not  only  underftood  the  ge- 
neral principles  of  it,  but  was  an  adept  in  many  of  its 
moft  uieful  parts.  Paffages  are  quoted  from  Plato, 
that  are  received  as  axioms  in  Chymiftry.  Galen  knew 
that  the  energy  of  the  fire  might  be  applied  to  m^ny 
ufeful  purpoies,  and  that  by  the  inftrumentality  of  it, 
many  lecrets  in  nature  were  to  be  difcovered,  which 
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" otherwife  mu  ft;  for  ever  be  hid;  and  he  gives  many 
inftances  of  this  in  feveral  places  of  his  works.  Dio- 
fcorides hath  tranfmitted  to  us  many  of  the  mineral 
operations  of  the  ancients,  and  in  particular  that  of  ex- 
tracting quickfilver  from  cinnabar,  which  is  in  effed  an 
exad  defcription  of  diftillation. . 

8.  The  merit  of  the  ancients  in  having  arrived  at  the 
knowledge  of  this  important  operation  of  Chymiftry, 
has  been  much  called  in  queftion  ; which  makes  it  re- 
quifite  to  give  particular  attention  to  this  paflage  of 
Diofcorides,  which  not  only  indicates  the  practice  of 
diftillation  among  the  ancients,  but  fhews  that  this 
branch  of  chymiftry  derived  from  the  Greek  language 
the  name  of  its  principal  inftrument,  the  Alembic. 

* The  word  ambix,  according  to  Athenseus,  meant 

the  cover  of  a pot,  or  any  velfel  wherein  liquids  were 
fet  a boiling  ; and  the  Arabs  adopted  this  word  in  ap- 
plying it  to  the  fame  fubjeCt,  only  adding  the  fyllable 
al  to  the  beginning  of  it,  a fyllable  that  enters  into 
the  beginning  of  moft  of  their  words,  whence  fprung 
the  word  Alembic.  - Pliny  alfo  gives  the  fame 
explanation  as  Diofcorides  does,  of  the  manner  of  ex- 

’ trading  quickfilver  from  cinnabar  by  diftillation.  And. 

' Seneca  defcribes  an  inftrument  exadly  refembling  the' 
Alembic,  and  which  Teems  to  have  been  applied  to  the 
fame  ufe.  But  there  are  other  indications  befides,  full 
as  fure  as  thofe,  that  diftillation  had  place  among  the 
ancients.  For  without  reckoning  that  brewing  of  beer 
implies  the  ufe  of  a ftill,  we  find  Ariftotle  obferves,  that, 
' oil  could  be  extraded  from  fea  fait ; which  never  could 

* be  done  without  diftillation.  Hippocrates  defcribes 

' the  procefs  of  that  operation  ; "talks  of  vapours  arifing 

from  the  boiling  fluid,  which  meeting  with  refiftance 
ftop  and  condenfe,  till  they  fall  in  drops  from  the  body 
to  which  before  they  clung  in  the  form  of  vapours. 
And  Zofimus  of  Panopolis,  not  only  defires  his  ftudents 
to  furnilh  themfelves  with  Alembics,  but  gives  them  di- 
redions  how  to  ufe  them,  and  places  before  their  eyes 
draughts  of  fuch  as.  beft  deferve  to  be  employed  in 
pradice. 

# 1 v • • * ' N 

9.  To  proceed  to  other  particulars  of  general  chy- 

miftry ; 
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miftry ; the  ancients  among  other  things  were  acquaint* 
ed  with  lixivial  fait*,  or  fal  alcali,  one  of  the  prime  prin- 
ciples of  bodies.  Sal  alcali  means  properly  the  fait  ex- 
trafted  by  fire  from  the  Egyptian  plant  kali,  but  as  it 
is  extracted  alfo  from  other  vegetables,  though  in  lefs 
quantity,  chymifts  extend  the  name  of  all  thofe  falts, 
which  like  that  of  this  plant,  attraft  and  imbibe  acids, 
and  by  their  contexture  penetrate  into  them,  andclofe- 
ly  unite  with  them.  Thefe  falts  are  termed  promif- 
cuoufly  lixivial  fait,  fal  alcali,  rock  fait,  &c.  It  is  of 
them  Ariftotle  fpeaks,  when  he  fays  that  in  Umbria  the 
burnt  aflies  of  ruflies  and  reeds,  boiled  in  water,  yield 
a great  quantity  of  fait.,  Theophraftus  obferves  the 
fame  of  Umbria.  Varro  relates*  that  fome  who  dwell 
on  the  borders  of  the  Rhine,  having  neither  fea  nor 
pit  fait,  fupply  themfelves  with  it  by  means  of  the  faline 
cinders  of  burnt , plants.  Pliny  allures  us,  that  allies 
are  impregnated  with  falts,  and  fpeaks  in  particular  of 
the  nitrous  afhes  of  btfmt  oak  ; adding,  that  . thefe  falts 
are  ufed  in  medicine,  and  that  a dofe  of  lixivial  aflies 
is  an  excellent  remedy.  In  fliort,  Hippocrates,  Celfqs, 
Diofcorides,  and  efpecially  Galen,  often  recommended  4 
the  medical  ufe  of  fal  alcali ; and  their  writings  are 
filled  with  paflages,  which  fhew  that  they  all  under- 
ftood  it.  To  the  mixture  of  acids  and  alcali  ft  was, 
that  Plato  afcribed  fermentation ; and  Solomon  feems 
to  have  known  this  effe<5t  of  them  when  he  brings  as  „ 
an  in  fiance  of  it,  vinegar,  and  the  nitre  of  Egypt. 

10.  Another  convincing  proof  of  the  ability  of  the 
Ancients  in  Chymiftry,  is  the  experiment  with  which 
Cleopatra  entertained  Marc  Antony,  in  diflfolving  be- 
fore him,  in  a kind  of  vinegar,  a pearl  of  .very  great 
value.  I fay,  in  a kind  of  vinegar ; for  at  prefent  we  v 
know  not  of  any  that  can  produce  this  effeft  ; but  as 
the  fa<fi  is  fo  well  attefted,  we  muft  thence  conclude  that 
the  queen  added  fomething  to  the  vinegar,  omitted  by 
the  hiftorian  : and  that  Phacas,  who  was  her  phyfician, 
affifted  her  at  that  time  with  his  aid,  in  enabling  her 
thus  to  gain  the  wager  which  fhe  had  laid  with  Marc 
Antony,  that  fhe  would  exceed  him  in  the  cofilinefs 
©f  her  entertainment.  But  even  the  queen  herfelf  was 

a great 


Si#"' 


, ( 137  ) 

a great  adept  in  this  art,  as  appears  from  fome  of  her 
performances,  ftill  preferved  in  the  Libraries  of  Paris, 
Venice,  and  the  Vatican.  And  Pliny  informs  us  of  > 
the  Emperor  Caius,  that  by  means  of  fire  extra&ed 
fome  gold  from  a quantity  of  orpiment.  > : 

11.  The  method  of  rendering  glafs  duilile,  is  a fe- 
cret  ftill  uncomprehended  by  us,  though  formerly  well 
known  to  the  Ancients.  The  authors  who  lived  at 
the  very,  time  when  this  "was  done,  fpeak  of  it  fo  cir- 
cumftantially,  that  it  is  inipoffible  to  doubt  it. 
They  are  Pliny,  Petronius,  Ibn  Abd  Alhokin,  John  of 
Salifbury,  lfidorus,  and /others.  Pliny  fpeaks  only  of 
the  flexibility  of  glafs*  "which  he  fays  was  found  out  in 
the  time  of  Tiberius  ; but  that  the  Emperor  fearing 
left  gold  and  filver,  thofe  mofl  precious  metals,  fhould 
thereby  fall  in  their  value,  fo  as  to  become  contempti- 
ble, ordered  the  refidence,  workhoufe  and  tools  of  the 
ingenious  artizan  to  be  deftroyed,  and  thus  cut  off  this 
art  in  its  rife.  Petronius  goes  farther,  and  fays,  that 
in  the  time  of  Tiberius  there  was  an  artificer,  who 
made  veffels  of  glafs,  which  were  in  their  compofition 
and  fabric  as  ftrong  and  durable  as  filver  or  gold  ; and 
that  being  introduced  into  the  prefence  of  the  Empe- 
ror, he  presented  him  with  a vafe  of  this  kind,  fuch  as 
he  thought  worthy  of  his  acceptance  ; and  that  meet- 
ing with  the  praife  his  invention  deferved,  and  finding 
his  prefent  fo  favourably  received,  h%^to  increafe  the 
admiration  of  the  fpedlators,  and  further  to  ingratiate 
himfelf  with  the  Emperor,  laid  hold  on  the  vafe,  throw*, 
ing  it  with  fuch  violence  on  the  floor,  that  had  it  been 
of  brafs,  it  muft  have  been,  injured  by  the  blow  ; that 
he  took  it  up  again  whole,  but  dimpled  a little,  "which 
he  immediately  repaired  with  a hammer  he  took  from 
his  bread : and  that  while  he  was  in  expe&ation  of 
fome  very  ample  reward  in  recompenfe  of  his  ingenui- 
ty, the  Emperor  alked  him  whether  any  body  elfe  was 
acquainted  with  this  method  of  preparing  glafs,  and 
being  aflured  that  no  other  was,  immediately  ordered 
his  head  to  be  cut  off ; left  gold  and  filver,  added  he, 
fhould  become  as  bafe  as  the  dirt  we  tread  upon.  In 
thefe  two  teftimonies,  we  fee  how  this  difeovery  came 
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of  glafs  I may  add,  that  the  Irt  of  painting,  fo  far  as  it 
depends  upon  chymiftry,  was  carried  formerly  to  a 
much  higher  degree  of  perfe&ion,  than  it  is  at  prefent.^ 
Of  this  we  have  ftriking  inftances  in  the  windows  of 
fome  ancient  churches,  where  paintings  prefent  them- 
felves  in  the  moft  vivid  colours,  without  detra&ing 
from  the  tranfparency  of  the  glals  ; and  which,  as 
Boerhaave  obferves,  are  hardly  to  be  imitated  at  pre- 
fent, we  having  loft  the  fecret  to  a degree,  that  there 
are  fcarce  any  hopes  of  ever  recovering  it.  The  ena- 
melling and  mofaic  works  of  the  ancients  yield  the 
fame  kind  of  evidence  of  their  (kill  in  chymiftry  ; of  the 
former  of  which  many  inftances  occur  in  the  works  of 
Pliny  and  others*  ^ 


,12.  Having  fpoken  of  the  chymiftry  of  the  Egyp- 
tians, and  of  that  of  the  Greeks  and  Romans,  who  de- 
rived their  inftru&ions  from  thofe  firft  matters  $ it  wTouid 
not  be  pardonable  to  omit  mentioning  Democritus,  the 
parent. of  experimental  philofophyf  This  great  man, 
for  the  fake  of  acquiring  wifdom,  travelled  into  Egypt, 


and  made  his  abode  with  the  priefts  of  the  country,  as 
we  are  informed  by  Diogenes  Laertius,  Strabo,  Cle- 
mens Alexandrinus,  Eufebius,  and  Synetius.  Vitru- 
vius tells  us,  that  he  wrote  many  books  on  natural 
philofophy,  and  was  wont  to  put  his  feal  upon  thofe 
experiments  which  he  had  tried  himfelf.  Diogenes. 

Laertius  fays  the  fame.  Petronius  affirms,  that  he  ex- 
tracted the  juice  of  every  Ample,  and. was  fo  wholly 
taken  up  in  experiments,  that  there  was  not  a quality 
belonging  to  the  mineral  or  vegetable  kingdoms  that 
efcaped  his  notice  ; and  Seneca  aflerts,  that  he  was  the 
inventor  of  reverberating  furnaces,  the  firft  who  gave  a 
foftnefs  to  ivory,  and  imitated  nature  in  her  produc- 
tion of  precious  ftones,  particularly  the  emerald. 

13.  1 (hall  finiffi  this  chapter  with  an  aflertion,  that 
perhaps  will  feem  paradoxical ; that  the  ancients  knew 
the  ufe  of  gunpowder.  Virgil  and  his  commentator 
Servius,  Hyginus,  Euftathius,  La  Cerda,  Valerius 
Flaccus,  and  many  other  authors  fpeak  in  fuch  a man- 
ner of  Salmoneus’s  attempts  to  imitate  thunder,  as 
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fuggeft  to  us  that  this  prince  ufed  for  that  purpofe  & 
compofition  of  the  nature  of  gunpowder.  Euftathius 
in  particular  fpeaks  of  him  on  this  Qccafion,  as  being 
fo  expert  in  mechanics,  that  he  formed  machines  which' 
imitated  the  noife  of  thunder : and  the  writers  of  fa- 
ble, whofe  furprife  in  this  refpeft  maybe  compared  to 
that  of  the  Mexicans  when  they  firft  beheld  the  fire 
arms  of  the  Spaniards,  give  out,  that  Jupiter,  in- 
cenfed  at  the  audacity  of  this  prince,  flew  him  with 
lightning  as  he  was  employing  himfelf  in  launching 
his  thunder.  But  it  is  much  more  natural  to  fuppdfty 
that  this  unfortunate  prince,  the  inventor  of  gunpow- 
der, gave  rife  to  thefe  fables,  by  having  accidentally 
fallen  a vidtim  to  his  own  experiments*  Dion  and 
Joannes  Antiochenus  report  of  Caligula,  that  this 
Emperor  imitated  thunder  and  lightning  by  means  of 
certain  machines,  which  at  the  fame  time  "emitted 
Hones.  Themiftius  informs  us,  that  the  Br&chmans 
encountered  one  another  with  thunder  and  lightning* 
Which  they  had  the  art  of  launching  from  on  high  at 
a confiderable  diftance.  Agathias,  the  hiftorian,  re- 
ports of  Anthemius  Tralienfis,  that  having  fallen  out 
with  his  neighbour  Zeno  the  rhetorician,  he  fet  fire  to 
his  houfe  with  thunder  and  lightning.  Phiioftratus, 
fpeabing  of  the  Jndian  fages,  fays,  that  when  they 
were  attacked  by  their  enemies,  they  did  not  leave 
their  walls  to  fight  them,  but  put  them  to  flight  by 
thunder  and  lightning.  And  - in  another  place  he  re- 
lates, that  Hercules  and  Bacchus  attempting  to  aflail 
them  in  a fort  where  they  were  entrenched*  were  fo 
roughly  received  by  reiterated  ftrokes  of  thunder  and 
lightning,  launched  upon  them  from  on  high  by  the 
befieged,  that  they  were  obliged  to  retire,  leaving  be- 
hipd  them  an  everlafting  monument  of  the  ralhnefs  of 
their  enterprife.  It  appears  from  all  thefe  paffages, 
that  the  effedts  aferibed  to  thefe  engines  of  war,  efpe- 
cially  thofe  of  Caligula,  Anthemius,  and  the  Indians, 
could  be  only  brought  about  by  gunpowder.  And 
what  is  (till  more,  we  find  in  Julius  Afrrcanus  a re- 
ceipt fora  compofition  to  be  thrown  upon  an  enemy, 
which  very  nearly  refembles  that  of  powder.  But  what 
places  this  beyond  all  doubt,  is  a clear  and  pofitive  paf- 

fage 


j?  5 

Ik 

% 
E 


/ 


/ 


' i ■ ’ 

iage  of  an  author  called  Marcus  Grsecus,  whofe  work 
in  manufcript  is  in  the  royal  library  at  Paris,  entitled, 
Liber  Ignium.  Dodtor  Mead  had  the  fame  alfo  in 
manufcript.  The  author  defcrijbds  feveral  ways  of  en- 
countering an  enemy,  by  launching  fire  upon  him  ; 
and  among  others  gives  the  following.  Mix  together 
one  pound  of  live  fulphur,  two  of  charcoal  of  willow, 
and  fix  of  faltpetre ; reducing  them  to  a very  fine 
powder  in  a marble  mortar.  He  adds,  that  a certain 
quantity  of  this  is  to  be  put  into  a long,  narrow,  and 
- well  compared  cover,  and  fo  difcharged  into  the  air. 
Here  we  have  the  defcription  of  a. rocket.  The  cover 
- Avith  which  thunder  is  imitated,  he  represents  as  Ihort, 
thick,  but  half-filled,  and  ftrongly  bound  with  pack- 
thread; which  is  exadtly  the  form  of  a cracker.  He 
then  treats  of  different  methods  of  preparing  the 
match,  and  how  one  fquib  may  fet  fire  to  another  in 
•the  air,  by  having  it  enclofed  within  it.  In  fhort,  he 
fpeaks  as  clearly  of  the  compofition  and  effedts  of  gun- 
powder; as  any  body  in  our  times  could  do.  I own, 
I have  not  yet  been  able  precifely  to  determine  when 
’ this  author  lived,  but  probably  it  was  before  the  time 
<?f  the  Arabian  phyfician  Mefue,  who  fjseaks  of  him, 
and  who  flourifhed  in  the  beginning  of  the  9th  centu- 
ry. Nay;  there  isreafon  to  believe,  that  he  is  the 
fame  of  whorp  Galen  fpeaks.  We  fee  alfo  by  two  paf- 
fages,  one  Of  Ariftotle,  the  other  of  Pliny,  that  the- 
art  of  making  fteel,  and  of  tempering  it,  was  known 
,«ven  in  their  time,  » 
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14.  It  has  been  fometimes  objedted  to  the  fadls  I 
produce,  that  had  the  ftate  of  things  been  really  fo, 
their  own  utility  would  have  preferved  them  from  the 
outrages  of  time  ^our  prefent  ignorance  therefore  is  al- 


ledged  as  of  fufficient  force,  to  invalidate  whatever 
has  been  reported  of  the  acquisitions  of  former  times. 
But  how  frivolous  this  objedtion  is  appears  not  only 
from  the  caufe  affigned  of  our  having  loft  the  fecret  of 
rendering  glafs  malleable,  but  alfo  from  thofe  monu- 
ments which  ftil\  remain,  and  are  daily  before  our  eyes, 
of  the  fuperiority  of  the  ancients  in  many  parts  of 
Chymiftry : fuch  as  tlie  Egyptian  mummies,  the 
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painting  on  glafs,  the 'perpetual,  lamps,  &c.  not  to 
mention,  that  there  are  now  many  fecrets  pradtifed  in 

j:rr nations,  and  unknown  in  others,  fuch  as  the 

ui  preparing  leather,  that  of  the  Turks 
in  tempering  fteel,  that  of  the  Chinefe  in  making  - 
porcelain,  the  lacquer  of  the  Japanefe,  and  the  dye  of 
the  Gobelins. 
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Of  Sensible  Qualities.  ^ 

. • 

LHpHERE  is  no  part  of  philofophy  which  has 
1 made  lefs  progrefs  among  the  vulgar,  than 
that  which,  treating  of  fenfible  qualities,  difmifles 
them  entirely  from  body,  to  make  themrefide  in  the 
mind.  The  moft  eminent  pliilofophers  of  antiquity 
have  acknowledged  this  truth  ; it  fprung  naturally 
from  their  principles,  and  they  deduce  the  fame  confe- 
quences  from  it.  Democritus,  Socrates  Ariftippus, 
Plato,  Epicurus,  and  Lucretius,  have  clearly  affirmed, 
that  cold  and  heat,  odours  and. colours,  were  no  other 
than  fenfations,  excited  in  our  minds,  by  the  different 
operations  of  the  bodies  furrounding  us,  and  acting  on 
Our  fenfes.  And  it  is  eafy  to  fhew,  that  Ariftotle  him-, 
felf  was  of  this  opinion,  that  fenfible  qualities  exifit  in 
the  mind ; though  by  the  obfeure  manner  in  which  he 
opens  himfelf,  he  hath  given  occafion  to  believe  that 
he  thought  otherwife.  There  are  only  the  fchoolmen, 
who  have  pofitively  affirmed*  that  fenfible  qualities 
exift  in  bodies  as  in  minds ; that  there  is  in  luminous 
bodies,  for  example,  the  very  fame  thing  that  is  in  us 
when  we  view  light.  And  as  the  philofophy  of  the 
fchools  had  for  fome  ages  taken  pofleffion  of  men’s 
■ minds,  when  pefpartes,  and  after  him  Mallebranehe, 
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arofe  in  oppofition  to  the  common  prejudices,  taking 
piins  to  draw  the  herd  of  philofophers  out  of  the  grofs 
errors  wherein  they  found  them  involved  ; it  was  not 
j ' perceived,  that  in  this  they  did  nothing  but  renew  the 

very  fame  truths,  which  had  been  taught  by  Democri^ 
tus,  Plato,  Ariflippus,  and  Sextus  Empiricus,  fup- 
porting  them  liltewife  by  the  very  fame  arguments, 
_ though  fometimes  farther  extended,  Hence  all  the  ho- 
DPiir  has  been  afcribed  to  thefe  moderns,  as  if  the  er- 
ror ithey  attacked  had  been  that  of  all  ages ; nobody 
defigning  to  fearch  any  deeper,  whether  in  reality,  it 
1 was  fo  or  not.  . For  had  they,  given  any  attention  to 

what  the  ancients  had  advanced,  or  eonfulted  their 
writings,  they  would  /oon  have  found  that  fome  of 
them,  not  only  ftripped  body  of  every  power  of  ex- 
citing opinions  in  us,  but  even  fometimes  catted  in 
queftioii  its  very  exiftence.  Yet  this  indolence  in  afcer* 
gaining  the  origin  of  our  improvements,  was  not  en- 
tirely uniyerfal.  Gaffendi  had  publifhed  a trad!  upon 
fenfible  qualities,  and  given  alfo  an  abridgment  of  the 
Pyrrhonic  philofophy  fefpedting  this  fubjedl,  before 
ever  Defcartes  attempted  it ; fo  that  even  among  the 
moderns  themfelves,  Defcartes  is  -not  the  firft  who 
clearly  diftinguifhed  between  the  properties  of  fpirit 
and  body.  And  as  to  the  ancients,  a brief  narrative 
of  what  Defcartes  and  Mallebranche  have  faid,  com- 
pared with  what  thofe  ancients  taught,  will  quickly 
£>ut  the  reader  in  a condition  of  deciding  to  whom  that 
diicovery  ought  to  be  attributed, 

2.  Defcartes  begins  with  remarking,  that  every  one 
is  accuftomed  from  his  infancy,  to  look  upon  whatever 
iie  perceives  by  his  fenfes  as  exifting  out  of  his  mind ; 
£nd  having  arf  entire  refemblance  to  the  perception* 
which  ~he  finds  there.  Obferving  the  colour  of  any 
©bjedt,  for  inftance^  we  think  we  fee  fomethiug  with- 
: out  ourfelves,  and  refiding  in  the  obje&s,  exadlly  re- 
fembling  our  idea  of  it ; and,  we  acquire  fuch  a habit 
; of  judging  in  this  manner,  that  we  never  entertain 
any  doubt.  This  is  the  cafe  of  all  our  fenfations ; we 
/eldom  imagine  that  they  exift  only  in  the  mind,  but 
jather  in  our  hand,  or  foot,  or  fome  other  part  of  our 

body 


- r 


( 144  ) 

body.  There  i£  nothing  however  more  certain,  than 
that  the  pain  which  we  feel  in  our  foot,  'is  nothing  but 
what  the  mind  perceives  as  there ; in  the  fame  manner 
as  the  light  we  fee  as  it  were  in  the  fun,  is  an  idea 
raifed  by  it  in  our  minds.  In  the  fame  manner  we  fay, 
we  perceive  colours,  or  difcem  odours  in  obje&s ; 
when  thefe  fenfations  arife  in  us  from  fomething  or 
other  in  thofe  objects.  Such  are  the  mifconceptions  of 
our  infant  ftate,  from  which  we  can  hardly  refcue  our- 
felves  even  in  advanced  life. 

3.  Mallebranche  feized  this  idea  of  Defcartes,  and  . 
more  fully  opened  it.  In  his  celebrated  work,  the  re.  . 
fearch  into  truth,  he  begins  with  difcovering  that  the 
fource  of  our  errors  is  in  the  abufe  of  our  liberty,  and 
the  precipitation  with  which  we  form  judgments  j in- 
fomuch,  that  our  fenfes  could  not  impofe  on  us,  were 

. it  not  for  our  rafhnefs.  For  example,  when  we  fee 
light,  it  is  certain  we  do  fo  ; when  we  feel  heat,  there 
is  no  mi  Hake  in  imagining  we  do ; but  we  deceive  our- 
felves  when  we  fancy,  that  the  heat  and  odours  we 
perceive  are  external  to  the  mind  that  feels  them.  He 
then  combats  the  errors  arifing  from  our  way  of 
judging ; and  having  ftripped  the  body  of  its  fenfible 
qualities,  inftruCts  us  how  mind  and  body  co-operate 
to  produce  our  fenfations,  and  how  we  accompany  . 
them  with  falfe  judgments.  He  blames  thofe  who  al- 
ways judge  of  objects  by  the  fenfations  they  excite,  , 
and  by  an  appeal  to  their  own  feelings  ; for  the  feelings 
of  all  men  being  different,  though  the  things  them- 
felves  continue  the  fame,  they  mud  judge  varioufly 
as  they  are  affected,  but  ought  not  to  aferibe  the  di-  » 
verfity  of  affections  to  the  objects  themfefves. 

/ " • * / t ' I X I v .«  ‘ ‘S  £ 

4.  Were  we  to  bring  into -review  all  the  ancients 
have  taught  on  this  fubjeCt,  we  fhould  be  furprifed  at 
the  clearnefs  with  which  they  have  explained  themfelves,  , 
and  at  a lofs  to  account  how  opinions  came  to  be  .ta- 
ken fpr  new,  which  had  been  already  illuftrated  in 
their  writings,  with  fuch  force  and  precifion.  It  can-  : 
not  fo  much  as  be  faid,  that  the  moderns  .have  given  a 
new  turn  to  thefe  opinions.;  for  they  not  only  reafon 
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upon  the  Tame  principles,  but  employ  the  rery  fat"* 
comparifons  in  proof  of  them. 

5.  Democritus  was  the  firft  who  difarrayed  body  of , 
its  fenfible  qualities.  That  great  man,  who  admitted 
only  of  atoms  and  fpace  as  the  principles  of  things, 
differed  from,  all  who  had  preceded  him  in  that  opi- 
nion, in  that  he  affirmed,  atoms  were  void  of  quali- 
ties ; and  in  this,  he  was  followed  by  Epicurus.  He  - 
derived  qualities  from  the  different  order  and  difpofi- 
tion  of  the  atoms  among  themfelves,  as  well  as  from  - 
their  diverfity  of  figure ; which,  according  to  him, 
was  the  caufe  of  all  the  various  changes  and  modifica- 
tions in  nature ; Tome  of  them  being  round,  others  an- 
gular, fome  ftraight,  fome  pointed,  fome  crooked,  &c. , , 

4‘  Thus  the  firft  elements  of  things  having  in  them 
neither  whitenefs  nor  blacknefs,  fweetnefs  nor  bitter- , 
nefc,  heat  nor  cold,  nor  any  other  quality ; it  follows, 
that  colour,  for  example,  exifts  only  in  our  perception 
of  it ; as  alfo,  that  bittemefs  and  fweetnefs,  which  ex- 
ift  only  in  being  perceived,  are  the  confequences  of 
the  different  manners  in  which  we  ourfelves  are  affe&ed , 
by  the  bodies  furrounding  us,  there  being  nothing  in 
its  own  nature  yellow,  or  white,  or  red : fweet,  or  . . 
bitter.”  - ■ 

6.  SeottUs  Empiricus,  explaining  the  dodrine  of  De- 
mocritus, fays,  “ that  fenfible  qualities,”  according 
to  that  philofopher,  “ have  nothing  of  reality  but  m 
the  opinion  of  thofe  who'  are  differently  affe&ed  by 
them,  according  to  the  different  difpofitions  of  their 
organs ; and:  that  from  this  difference  of  dilpofition  . 
arife  the  perceptions  of  fweet  and  bitter,  heat  and  . 
cold ; and  alfo,  that  we  do  not  deceive  ourfelves  in  af- 
firming that  we  feelfuch  impreffions ; but  in  conclud- 
ing that  exterior  objects,  muft  have  in  them  fomething 
analogous  to  our  feelings.” 

' • 

7.  Protagoras,  the  difciple  of  Democritus,  fays,  \ 

“ that  in  man  is  contained  the  rule  or  xneafure  of  every 
thing)  that  the  whole  exiftence  of  external  things 
confifts  in  theimpreffion  we  perceive  in  ourfelves ; in- 

Vot.  IV.  C fomuch  - 


7 


( ) 

fomuch  that  what  is  imperceptible,  has  no  exiftence.” ' 
He  alfo  carried  farther,  than  ever  Deniocrius  did,  the 
confequences  of  his  fyftem ; for  admitting,  with  his 
matter,  the  perpetual  mutability  of  matter,  which  oc- 
cafioned  a conftant  change  in  things ; he  then  added, 
that  whatfoever  we  fee,  apprehend  or  touch,  are  juft 
as  they  appear ; and  that  the  only  true  rule  or  criterion 
of  things,  was  in  the  perception  men  had  of  them.  I 
leave  the  reader  to  judge,  whether  Protagoras’s  man- 
ner of  thinking  might  not  have  tranfmitted  to  Berkley 
the  idea  of  a fyftem,  which  he  with  fo  much  fubtilty 
hath  maintained ; “ that  there  i«  nothing  in  external  ob- 
ie£ts,  but  what  the  fenfible  qualities  exifting  in  our  minds 
Induce  us  to  imagine,  and  of  couffe  that  they  have  no 
other  manner  of  exiftence;  there  being  no  other  fub-  > 
ftratum  for  them,  than  the  minds  by  which  they  arc 
perceived:  not  as  modes  or  qualities  belonging  to 
themfelves,  but  as  objefls  of  perception  to  whatever 
is  percipient,” 

We  ftvould  think  we  were  liftening  to  the  two 
modern  philofophers,  when  we  hear  Ariftippus  ex-  • 
horting  men  to  be  upon  their  guard  with  refpefl  to 
the  reports  of  fenfe,  becaufe  it  does  not  always  yield 
iuft  information  ; for  we  do  not  perceive  exterior  ob- 
iefts  as  they  are  in  themfelves,  but  only  as  they  affea 
us.  " We  know  not  of  what  colour  or  fmell  they  may 
be^  thefe  being  only  affe&ions  in  ourfelves.  It  is  not 
the  objects  themfelves  that  we  are  enabled  to  compre- 
hend, but  are  confined  to  judge  of  them  only  by  the 
impreffions  they  make  upon  us ; and  the  wrong  judg- 
ments we  form  of  them  in  this  refpeft,  is  the  caufe  of 
all  onr  errors.  Hence,  when  we  perceive  a tower 
Which  appears  round,  or  an  oar  which  feems  crooked 
in  the  water  ; we  may  fay  that  our  fenfes  intimate  fo 
and  fo,  but  ought  not  to  affirm,  that  the  diftant  tower 
is  really  round,  or  the  oar  in  the  water  crooked  ; it  is 
enough,  in  fuch  a cafe,  to  fay,  that  we  receive  the  im- 
preffion  of  rOundnefs  from  the  tower,  and  of  crooked-  v 
nefs  from  the  oar  ; but  it  is  neither  necetfary,  nm;  pro- 
per to  affirm,  that  the  tower  is  really  round,  or  the 

oar  broken  * for  a fquare  tower  may  appear  round  at 

: a dtftance. 


1 


- —— 


i.  , 

\ ' • C \i47  ) ■;  : 

adiftance,and  a ftraight  ftick  always  Teems  crooked  is ; 

the  water.”  ' , • 

✓ 
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9.  Ariftippus  fays  farther,  “ {here  is  not  in  man  any  * 
faculty  that  can  judge  of  the  truth  of  things ; any  ? 
farther  than  that  men  have  given  common  names  to 
their  own  apprehenfions.  Thus  every  body  talks  of 
whitenefs  and  fweetnefs,  but  they  have  no  common  fa-  - 
culty  to  which  they  can  with  certainty  refer  impreflions  ■ 
of  this  kind.  Every  one  judges  by  his  own  appre-' 

1 henfions,  and  nobody  can  affirm  that  the  fenfation 

which  he  feels  when  he  fees  a white  object,  is  the 
fame  with  what -his  neighbour  experiences  in  regard  ta- 
the  fame  objefl ; and  becaufe  the  powers  of  ap prehen-: 

I • fion  are  not  entirely  the  fame  in  all,  it  is  temerity  in  , 
us  to  aflert,  that  what  appears  in  fuch  or  fuch  a man-  - 
ner  to  one,  muft  needs  do  fo  to  every  body  elfe : for 
one  may  be  fo  conftituted,  that  the  objects  which  offer 
themfelves  to  his  eye  may  appear  white,  while  to  thofe 
of  a man  differently  conftituted  they  feem  yellow ; as 
is  manifeft  in  thofe  who -have  the  jaundice,  or  any 
other  natural  diverfity  of  difcernment,  and  who  by 
, reafon  of  the  different  contexture  of  their  organs^  are 
incapable  of  .receiving  from  the  fame  things, . the  fame 
impreflions  that  others  do.  Thus  he,  who  has  large  . 
eyes,  will  fee  objects  in  a different  magnitude  from  him 
whofe  eyes  are  little ; and  he  who  hath  blue  eyes;* 
difcerns  them  under  different  colours  from  him  who 
hath  grey.”  • 

10. . Plato,  following  Protagoras,  clearly  diftin- 
guifhes  between  fenfible  qualities,  and  the  objects  which 
caufe  them.  He  obferves,  that  the  fame  wind  ap- 
•pears  cold  to  one,  and  hot  to  another ; to  one  foft, 
and  to  another  rotlgh : but  that  we  ought  not  hence 
to  conclude,  that  the  wind  is  in  itfelf  hot  and  cold  at 
the  fame  time ; but  to  fay  with  Protagoras,  that  he 
who  is  hot,  feels  it  hot,  &c. 

11.  1 come  now  to  Epicurus,  whofe  dodrine  is  ex- 
plained with  the  greateft  exadtnefs  by  Plutarch,  but 
above  all  by  Diogenes  Laertius.  This  philofopher,  ad- 
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raitting  the  principles  of  Democritus,  hath  thence  de- 
duced the  moft  natural  confeqtiences : **  that  atoms  are 
all  of  the  fame  nature,  and  differ  only  in  figure,  mag- 
nitude,' and  weight,  and  that  in  the  conflitution  of 
every  thing,  they  bear  fome  aflinity  to  its  principal 
properties,  fuch  as  roundnefs,  bulk,  &c.  For  colour, 
lays  he,  cold  and  heat,  and  the  other  fenfible  qualities, 
are  not  inherent  in  the  atoms,  but  the  refult  of  their 
aflemblage : and  the  difference  between  them  flows 
from  the  diverfity  of  their  frae,  figure,  and  arrange- 
ment ; infomuch,  that  any  number  of  atoms  in  one 
difpefition,  creates  one  .fort  of  fenfation  j and  in  ano- 
ther, another : but  - their  own  primary  nature  re- 
mains always  the  fame,  becaufe,  being  folid  and  un- 
compounded, no  parts  tranfpire,  otherwife  nature 
would  not  be  in  the  main  fixed  and  liable  ; and  it  is 
from  the  permanency  of  the  properties  effential  to 
atoms  of  matter,  that  .the  different  fenfation s arife, 
'which  the  fame  objefls  produce  -in  animals  of  different 
fpecies,  and  in -men, of  different  conftitutions ; for  .each 
have  in  .the  organs  of  .fight,  hearing,  and  the  other 
fenfes,  an  innumerable  multitude  of  pores  differently 
fized  and  fituated.:  thefe  are  variously  adapted  and 
proportioned  for  the  reception  of  the  finall  corpufcles, 
which  .eafily  anfinuate  themfelves  into  fome,  and  with 
difficulty  into  others,  •{  according  to  the  analogy  be- . 
tween  them  and  the -pores,  and  the  variety  of  contex- 
ture in  the  parts,)  and  of  courfe  mull  produce  diffe- 
rent impreffions.” 

12.  So  that  the  fenfes  do  not  deceive  us,  for  they 
are  not  judges  of  the  nature  of  things ;;  but  ferve 
only  to  inform  us  of  the  connexion  'and  relation  be- 
tween the  bodies  furrounding  us  and  our  own,  in  fub- 
lerviency  to  our  happinefs  in  this  life.;  whence  it  is  ob- 
vious, that  our  fenfations  are  always  true,  though  the 
judgments  we  many  times  form  refpefting  their  ob- 
jects are  fometimes  falfe:  as  mull  always  be  the  cafe, 
whenever  we  alter  thofe  objects  them&lves  which  are 
' the  exterior  caufes  of  our  fenfations,  by  either  adding 
fomething  foreign  to  them,  or  retrenching  from  them, 
. what  is  properly  their  own.  **  If  any  think  they  are 
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impofed  upon  by  the  different  appearances  which  refult 
from  one  and  the  fame  object*;  as,  for  example,  when  a 
body  feen  at  a diftance  appears  of  one  colour,  and 
when  nigh  of  another ; it  is  themfelves  who  are  guilty 
of  the  deception,  m imagining  that  the  one  appearance 
rs  true  5 and  the  other  illufory : for  in  that,  they  form 
a falfe  judgment,  not  rightly  confidering  the  nature  of 
things ; whereas,  they  ought,  on  the  contrary,  to  have 
concluded  that  both  colours  were  true,  though  different, 
occafioned  by  the  change  of  fituations  in  which  they 
were  viewed,  which  produced  two  fenfations  not  the 
fame,  but  equally  true.*  Whence  it  alfo  happens,  that 
it  is  not  the  found  in  the  brafs  that  is  beaten,  or  the 
voice  itfelf  of  a perfon  who  fings,  that  are  the  objects 
of  our  perception,  but  only  that  which  ads  upon  our 
ear  5 for  one  and  the  fatne  thing  cannot  be  in  two  dif- 
ferent-places at  once.  And  as  no  man  fays,  that  his  . 
judgment  is  impoled  upon,  becaufe  a found  ftrikesbim 
more  feebly  at  a diftaftce,  than  when  he  hath  approach- 
ed the  place  whence  it  comes ; neither  can  we  fay,  that 
our  fight  illudes  uv  when  at  a diftance,  a tower  ap- 
pears  fmall  and  round,  which  upon  our  approach  to  it, 
would  be  foufccHarge  and  fquare:  for  the  reprefenta- 
tive  fize  of  the  objed  is  in  exad  proportion  to  that  of 
the  angle  formed  by  it  in  the  eye,  which  varies  accord- 
ing to  the  difference  of  the  diftance.  In  a word,  the 
ufe  of  the  fenfes  is  to  reprefent  objeds  to  us  under  cer- 
tain appearances  ; but  not  at  all  to  judge  of  what  they 
are  in  themfelves : and  hence  our  fenfations  are  always 
fcrue  & error  being  only  the  refult  of  our  judgment. 

13.  I Have  been  the  more  large  on  this  fubjed,  be- 
caufe it  is  one  of  the  mod  proper  to  prove  the  truth 
ef  my  propoiitien,  that  the  moderns  have  often  enrich- 
ed themfelves  with  the  fpoils  of  the- ancients,  without 
having  done  them  the  honour  of  any  acknowledge- 
ment. With  realon  have  we  praifed  Defcartes  and 
Mallebranche,  for  having  treated  this  matter  with  fo 
much  penetration.  But,  they  have  fcarcely  advanced 
any  thing  but  what  had  been  faid  before  by  thofe  an- 
cient philofophers,  whom  I have  been  quoting. 
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Of  Animated  Nature. 

HE  Ancients*  fays  Mr.  Buffon,-  underftood 
jL  much  better,  and  made  a greater  pregrefs  in 
-the  natural  hiftory  of  animals  and  minerals,,  than  we 
have  done.  They  abounded  mcie  in  teal  cbfervatirns ; 
:and  we  ought  to  have  made  much  better  advantage  of 
their  illuftrations  and  remarks.  Yet  he  does  not  often 
-fupport  his  fentiment  by  their  authority ; hence  one 
.might  be  led  to  believe,  that  he  did  not  himfelf  perceive 
,the  analogy  wly’ch  every  where  reigns  between  his  fyf- 
tero,  and  that  of  the  Ancients.  Let  the  reader  himfelf 
.determine  on  it,  upon  perufing  what  I have  to  offer. 
-Mean  while  it  is  but  right  to  obferve,  that  it  cannot  be 
.concluded  from  Mr.  Buffon’s  not  fupporting  himfelf 
,by  the  authority  of  the  Ancients,  that  he  was  not  ac» 
quainted  with  their  fentiments,  and  Rill  much  lefs,  that 
having  ftudied  them,  he  did  not  difeernthe  conformity 
between  theirs  and  his  own.  And  1 make  this  obferva- 
iion  ATith  the  lefs  repugnance,  becaufe  I do  not  hereby 
detract  from  the  reputation  of  that  able  writer,  who 
will  always  poflefs  the  merit  of  having  with  the  greateft 
fagacity  apprehended  the  principles  of  the  Greek  phi- 
lofophers,  and  revived  their  reafonings,  the  greateft 
part  of  which  had  been  ravaged  by  the  injuries  of 
time.  * 


. 2.  I cannot  but  look  upon  the  reftorer  of  the  fyftem 
of  any  great  man,  the  frame  of  which  only  fhewrs  itfelf 
in  a few  remaining  fragments,  as  upon  anablefculp- 
tor,  who  from  the  broken  buft  of  Phidias,  or  any  other 
famous  Ancient,  is  capable,  by  the  ftrength  of  his  own 
genius,  and  the  {kill  he  has  in  his  art,  exactly  to  judge 
by  that  Angle  piece,  of  the  proportions  w^hich  ough^  to 
take  place  in  every  member,  fo  as  to  form  and  unite 
them  together,  in  fo  juft  a manner,  that  his  ftatue  fhall 
be  as  perfeft  as  the  other.  The  merit  of  fuch  a mo- 
dern 
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dern  art i ft,  doubtlefs  deferves  great  praife ; but  thp 
glory  of  the  ancient  one  will  [till  be  fuperior,  becaufe 
the  idea  of  the  proportions  of  the  adjitfted  members, 
was  taken  from  that  of  thofe  in  the  broken  buft.  It  is 
eafy  to  apply*  this  comparifbn  to  modern  philofophers, 
of  whom  the  moil  eminent,  fo  far  from  feeking  to  avoid 
the  charge  of  having  borrowed  their  opinions  from  the 
Ancients,  have  often  been  the  firft  to  own  it ; of  which 
Defcartes,  and  the  principal  Newtonians,  furnilh  us 
with  ft riking  examples. 


3.  Diogenes  Laertius,  Plutarch,  and  Ariftotle  in- 
form us,  that  Anaxagoras  thought  bodies  were  com  • 
pofed  of  fimilar,  or  homogeneous  particles ; that 
thofe  bodies,  however  admitted  a certain  quantity 
' of  fmall  parttcleV  that  were  heterogeneous,  or  of 
another  kind  ; but  that  to  conftitute  any  body  of 
a . particular  fpecies,  it  Cufticed  that  it  was  coro- 
' pofed  of  a great  number  of  fmall  particles,  fimilar  and 
conftitutive  of  that  fpecies.  Different  bodies  were 
'maffes  of  particles  fimilar  among  therofelves  ; diffimi- 
lar  however  relatively  to  thofe  of  any  other  body,  or  to 
the  mafs  of  fmall  particles,  belonging  to  a different 
fpecies.  They  believed,  fot  example,  that  blood  was 
formed  of  many  particles,  each  of  which  had  blood  in 
it ; that  a bone  was  formed  of  many  fmall  bones, 
which  from  their  extreme  littlenefs  evaded  our  view. 
Like  wife,  according  to  this  philofopher,  nothing,  was 
properly  liable  to  birth,  or  to  death;  generations  of 
every  kind,  being  no  other  than  an  affemblage  of  fmall 
particles,  cdnftituent  of  the  kind  ; and  the  deftruCtion 
of  a body  being  no  other,  than  the  diftmion  of  many 
fmall  bodies  of  the  fame  fort,  which  always  prefer ving 
a natural  tendency  to  re-unite,  produce  again  by  their 
conjunction  with  other  fimilar  particles,  other  bodies 
of  the  fame  fpecies.  Vegetation  and  nutrition  were  but 
means  employed  by  nature  for  the  continuation  of  be* 
ings : thus,  the  different  juices  of  the  CartJb,  being 
compofed  of  a collection  of  innumerable  fmall  parti- 
cles  intermixed,  conftituting  the  different  parts  of  a 
tree  or  flower,  take,  according,  to  the  law  of  nature, 
different  arrangements ; and  by  the  motion  originally 
impreffcd : upon  them,  proceed,  till  arriving  at  the 
• places 
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places  deftined  and  proper  for  them,  they  colled  them* 
felves,  and  halt,  to  form  all  the  different  parts  of  that 
tree  or  flower : in  the  fame  manner  as  many1  fmall 
imperceptible  leaves  go  to  the  formation  of  the  leaves 
we  fee;  many  little  parts  of  the  fruits  of  different 
kinds,  to  the  compofition  of  thofe  which  we  eat ; and 
fo  of  the  reft.  The  cafe  was  the  fame,  according  to 
that  philofopher  with  refped  to  the  nutrition  of  ani- 
mals. The  bread  we  eat,  and  the  other  aliments  we 
take,  turn  themfelves  according  to  this  fyftem,  into 
hairs,  veins,  arteries,  nerves,  and  all  the  other  parts  of 
our  bodies ; becaufe  there  are  in  thofe  aliments,  the 
conftituent  parts  of  blood,  nerves,  bones,  hair,  &c. 
which  uniting  with  one  another,  make  themfelves  by 
; their  coalition  perceptible,  which  they  were  not  before, 
becaufe  of  their  infinite  fmallnefs. 
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4.  Empedocles  hath  acknowledged  the  fame  with 
refped  to  animal  nutrition,  which  he  fays,  forms  itfelf 
out  of  the  fubftance  of  aliments  proper  and  accommo- 
dated to  the  animal  nature.  He  alfo  taught,  that 
matter  had  in  it  a living  principle,  a fubtle,  adtive  fire, 
which  put  all  in  motion ; and  which  Mr.  de  Buffon 
calls,  by  another  name,  organized  mattery  always  ac- 
tive ; or,  animated  organic  matter.  And  this  mat- 
ter, according  to  Empedocles,  was  diftributed  through 
the  four  elements  among  which  it  had  an  uniting  force 
to  bind  them,  and  a feparating,  to  put  them  afunder, 
for  the  fmall  parts  either  mutually  embraced,  or  re- 
pelled one  another  ; whence  nothing  in  reality  perifh- 
ed,“  but  every  thing  was  in  perpetual  viciffitude.,> 
Whence  it  follows,  according  to  the  fyftem  of  Empe- 
docles, as  well  as  that  of  Anaxagoras,  nothing  had 
either  life  or  death  properly  fo  called,  but  that  the 
e (fence  of  things  confifted  in  that  adive  principle, 
whence  they  arofe,  and  into  which  they  all  reduced 
' themfelves  at  laft.  He  had  alfo  a fentiment  refpeding 
generation,  which  Mr.  de  Buffon  hath  followed,  ex- 
prefling  it  in  the  very  fame  terms  ; where  he  fays,  that 
the  feminal  juices  of  the  two  fexes  contain  all  the  fmall 
parts  analogous  to  the  body  of  an  animal,  and  necef- 
4ary  to  it&  production. 

5.  Plotinus, 
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5.  Plotinus,  following  the  idea  of  Empedocles,  and' 
inveftigating  the  reafon  of  this  fympathy  in  nature, 
difcovered  it  to  proceed  from  fuch  a harmony  and  af- 
iimilation  of  the  parts,  as  bound  them  together  when 
they  met,  or  repelled  them  when  they  were  diffimilar : 
he  fays,  that  it  is  the  variety  of  thefe  affimilations  that 
concur  to  the  formation  of  an  animal : arid  calls  that 
binding  or  diffolving  force,  the  magic  of  the  univerfe  : 
and  his  able  interpreter,  Marfilius  Ficinus,  explaining 
the  fenfe  of  that  paflage,  fays,  that  the  different  parts  of 
every  animal,  have  an  attractive  virtue  in  them,  by 
means  of  which  they  affimilate  fuch  parts  of  the  ali- 
ment as  beft  agree  with  them. 

6.  I come  now  to  the  fyftem  of  Mr.  de  Buffon.  He 
thinks  with  Anaxagoras,  that  there  is  in  nature  a com- 

' mon  matter  to  animals  and  vegetables,  which  ferves 
for  the  nutrition  and  expanfion  of  all  that  lives  or  ve- 
getates; and  with  Plotinus,  that  this  matter  contributes 
to  their  nutrition  and  expanlion;  in  being  affimilated  to 
each  part  of  an  animal  or  vegetative  body,  and  enter-  ' 
ing  into  their  inmoft  pores.  This-  nutritive  and  pro- 
ductive matter,  is  univerfally'  fpread  through  all,  and 
compofed  of  organic  particles,  ever  aCtive,  tending  to- 
wards organization,  and  of  themfelves,  affuming  a 
variety  of  forms,  according  to  their  lituations  ; fo  that 
with  Anaxagoras,  he  thinks  there  is  no  pre-exiftent 
feed,  involving  infinite  numbers  of  the  lame  kind,  one 
within  another  ; but  an  ever  aCtive  organic  matter,  al- 
ways ready  fo  tb  adapt  itfelf,  as  to  affimilate,  and  ren- 
der other  things  conformable  to  that  wherein  it  re- 
lides : the  fpecies  of  animals  and  vegetables  can  never 
therefore  exhauft  themfelves ; but  as  long  as  an  indi- 
vidual fubftfts,  the  fpecies  .will  be  renewed.  It  is  as 
extenfive  now,  as  it  was  at  the  beginning,  and  all  will 
fubfift  till  they  are  annihilated  by  the  Creator,  It  fol- 
lows from  thefe  principles,  that  generation  and  corrupt 
tion  are  only  a different  affociation . or  disjunction  of 
fimilar  parts,  which  after  the  diffolution  of  an  animal 
or  vegetable  body,  ferve  to  re-produce"  another  of  the 
.fpecies:  provided,  according  to  Mr.  de  Buffon,  that 
thofe  imall  conftituent  parts  meet  iu  a place  proper  for 
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the  expan Gon  of  themfelves,  So  as  to  unclofe  what 
ought  thence  to  refult  for  the  generation  of  an  animal, 
or  that  they  pafs  through  the  interior  mould  of  an  ani- 
mal or  vegetable,  and  aflimilare  themfelves  to  the  dif- 
ferent parts  in  intimately  adhering  to  them  ; and  it  is 
in  this  laft  refpeft  only,  that  any  difference  fubfifts  be- 
tween the  opinions  of  the  Ancients  laft  mentioned,  and 
the  theory  of  Mr.  de  BufFon.  He  thinks,  that  the  fimi- 
lar  and  organic  parts  do  not  become  fpecific,  till  after 
they  have  affimilated  themfelves  to  the  different  parts 
of  the  bodies,  into  whofe  compofition  they  enter; 
whereas  Anaxagoras  believed  them  always  fpecific, 
and  did  not  think  that  they  had  need  to  enter  the  in* 
fide  of  the  parts  in  order  to  affimilate. 

P " * ' i t * ■ , ! f 

7*  Another  principle  of  Mr.  de  BufFon,  is  that  when 
the  nutritive  matter  abounds  more  than  fufficient  for 
the  nourifhment  and  expanfion  of  an  animal  or  Veget- 
able body,  it  is  remitted  through  all  parts  of  the  body, 
into  one  or  more  refervoirs,  in  form  of  a liquor,  which 
is  the  femen  of  the  two  fexes,  which  mingled  together, 
contributes  to  the  formation  of  a foetus,  which  becomes  . 
male  or  female  in  proportion  as  the  feed  of  the  male 
or  female  abounds  more  or  lefs  in  the  organic  affem- 
blages  ; and  refembles  father  or  mother,  according  to 
the  different  combinations  of  the  two  feeds.  One  finds 
alfo  the  origin  of  this  idea,  in  Pythagoras,  Ariftotle, 
and  Hippocrates.  • 

* . 4 ■ 

8.  It  would  be  to  ft  ray  from  my  fubjeCl,  were  Ito  s 
treat  of  the  merit  of  one  or  otber  of  thefe  fyftems.  My 
fcope  will  be  fufficiently  attained,  if  I make  the  analogy 
of  them  appear.  It  feems  to  roe,  that  both  of  them 
are  the  productions  of  very  fine  geniufes ; that  of  A n* 
axagoras  is  more  intricate,  and  not  fupported  by  the 
exaCiexperimentsr which  fuftain  that  of  Mr.  de  BufFon  ; 
it  were  to  be  wifhed  therefore,  that  the  Greek  philofo- 
pher  had  difcovered  the  principles  traced  out  by  the 
modern  ; but  the  advantage  the  one  had  of  making  ufe 
of  a microfcope,  ought  not  to  turn  t9  the  difadvantage 
of  the  other  ; yet  hereafter,  we  (hall  fee,  that  the  An* 
dents,  m this  refpe<ft,did  not  long  remain  behind.  : 

There 


f 
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There  Is  another  fyftem,  which  is  no  lefs  ingenious 
than  this,  and  of  which  we  find  equal  traces  among  the 
Ancients. 


CHAP. 


BHnwnin 

VIII. 


Nature  Active  and  Animated. 


1.  A FTER  a long  courfe  of  microfcopic  obferva- 
tions,  Mr.  Needham  hath  remarked,  that  they 
all  contributed  to  make  appear,  that  animal  and  vege- 
' tative  fubfiances  are  originally  the  fame ; that  they  reci- 
procally turn  into  one  another,  by  a very  eafy  change; 
that  drey  decompound  themfelves  into  an  infinite  num- 
ber of  Zoophytes,  which  feparating,  produce  all 
different  fpecies  of  common  microfcopic  animals,  which 
after  a certain  time  become  immoveable,  feparating 
themfelves  again,  and  producing  other  zoophytes  or 
^nimals  of  an  inferior  fpecies ; that  the  fpermatic  ani- 
malcules have  the  fame  property  of  feparating  them- 
felves, and  in  their  decompofition  of  producing . ftill 
fmaller  animals,  till  at  laft  they  become  fo  very  fmall, 
that  they  entirely  efcape  notice.  The  author  of  thefe 
•obfervations  believes,  that  it  is  probable  befides,  t^at 
every  animal  or  vegetable  fufiftance  advances  as  much 
as  it  can  to  its  diffolutioiv  to  return  by  degrees  to  the 
principles  common  to  all  bodies,  and  which  are  of.  a 
general  nature. 


2.  The  author  then  infinuates,  that  in  their  de- 
compofition,  bodies  fo  fubtilize  themfelves,  that  the  re- 
fiflance  continually  diminifhes,  and  the  adive  moving 
•force,  proportionally  augments  ; that  after  having  patt- 
ed the  line  of  fpontanOity,  the  movement  diminifhes 
quicker  or  flower,  till  it  becomes  purely  ofcillatory  j 
and  of  courfe,  matter  ought  to  be  confidered  as  conti- 
nually 


\ 


/ 
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fcually  paffing  from  one  ftate  to  another*  and  confli- 
tutbg  elements  more  and  more  a<flive. 

3.  A little  afterwards,  he  hefitates  not  to  affirm,  that 
in  proportion  as  the  matter  decompounds  itfelf,  it  be- 
comes more  fubtle,  and  that  the  fwiftnefs  of  thofe  bodies 
increafes  in  proportion  to  their  littlenefs.  He  fays, 
that  every  combination  of  matter  reduces  itfelf  at  laft 
to  fuch  fimple  parts,  as  thofe  are  of  refiftance  and  mo- 
tion ; that  refiftance  and  motive  a&ivity,  are  the  effeCl 
of  fimple  energies  $ and  in  (tort,  that  a number  of  be- 
ings fimple  and  unextended,  may  contribute  to  give  us 
an  idea  of  an  extended  combination  of  them,  divifible 
and  fubftantial.  He  fays  afterwards,  that  theprinci-- 

m pies  of  matter  are  fubftances,  in  which  all  eflence,  ex-  - 
iftence,  and  a&ion,  terminate  in  their  laft  refort,  and 
that  there  are  aCHve  principles  in  the  univerfe,  which 
are  naturally  productive  of  motion.  In  (hort,  he  con- 
cludes with  faying,  that  matter,  carried  to  its  firft  prin- 
ciples, is  no  longer  an  unaCiive  mafs,  but  becomes  at 
length,  activity  itfelf,  endowed  with  the  powers  of  re- 
pulfion,  motion,  and  life,  and  that  every  particle  of  it 
partakes  of  fenfations ; and  in  another  place  he  fays, 
that  there  is  a perceivable  life  in  every  particle  ; aud 
in  fliort,  that  there  is  a real  aCtive  force  in  matter.* 

4.  If  wecompare  this  fyftem  with  that  of  the  anci- 
ents, we  (hall  eafily  difcover  a ftr iking  conformity. 

Pythagoras  and  Plato  taught,  that  all  nature  was  ani- 
mated, and  that  matter  had  in  itfelf  a principle  of  mo- 
tion and  reft,  that  held  i|  always  in  aCtion ; which  is  no 
other,  according  to  the  fyftem  of  Mr.  Needham,  than 
aClive,  combined  with  repelling  force. 

5.  The  Pythagoreans  believed,  that  the  world  was 
animated  y that  there  was , a principle  of  vitality  in- 
fufed  through  the  w hole  of  nature,  which  extended  it- 
felf not  only  through  the  animal  kingdom,  but  through 
the  vegetable,  by  $ fucceffion  conftant  and  perpetual ; 
they  acknowledged  a productive  force,  an  aCtive  ptin- 

* Absurd  to  the  last  degree. 
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cl  pie  through  matter,  which  penetrated  all,  and  put  all 
in  motion,  and  which  was  the  foul  'of  the  world,  or  the 

force  impreffed  by  God  on  nature.. 

^ ' -•  " 

6.  And  it  is  this  which  Mr.  Needham  calls  the  a£ive  " 
principles  through  the  univerfe,  which  of  themfelves. 
produce  motion,  or  the  perceptive  vitality  in  every  par- 
ticle ; that  motive,  or  repulfive  activity,  which  Plato  al- 
fo  joined  to  matter  as  an  a&ive  principle,  which  held 
all  from  the  beginning,  in  an  irregular  and  indetermin- 
ed  movement ; and  which,  from  the  foundation  of  the 
world,  was  regulated  by  God,  and  diredled  according 
to  his  eternal  laws  ; and  that  great  philofopher  pofi-  ^ 
tively  fays,  that  God  has  not  created  matter  inert  and 
inactive ; but  hath  only  prevented  it  from  being  blinds 
ly  agitated. 

7.  Mr.  Needham  indeed  fays,  that  every  natural  com- 
bination can,  at  laft,  refolve  itfelf  into  its  natural  prin- 
ciples, endowed  with  refiftance  and  motion ; and  that 
a number  of  fimple  and  indivifible  principles  might 
concur  to  give  us  an  idea  of  extended  combinations  of 
them,  divifible,  and  fubflantial  : yet  Plato  long  before 
had  clearly  diftinguiflied,  with  the  philofophers  of  his 
own  times,  the  matter  of  which  bodies  are  com- 
pofed  from  the;  bodies  themfelves.  He  remarked 
an  effential  difference  between  that  matter,  which 
enters  into  the  compofition  of  all  bodies,  and  the 
bodies  themfelves.  And  Stobxus,  explaining  Plato’s 
fentiments,  agrees,,  that  matter  is  corporeal,  but  at  the 
fame  time  warns  us  not  to  confound  it  with  the  bodies 
themfelves;  becaufe,  fays  he,  it  is  deftitute  of  the 
effential  qualities  of  body ; fuch  as  . figure,  weight, 
lightnefs,  &c.  although  it  contains  in  it  an  aptitude  to 
.motion,  divifibility,  and  the  reception  of  different 
forms  s and  another  great  Grecian  philofopher  hath  al- 
fo  faid,  aim  oft  in  the  fame  terms  with  Mr.  Needham, 
that  the  ideas  of  force,  impenetrability,  and  weight* 
concur  to  give  us  an  idea  of  bodies. 

8.  Pythagoras,  Plato,  and  Ariftotle,  held  a fenti- 
ment  refpeding  generation,  to  which  that  of  Mr.  Need- 
ham’s 
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ham’s  evidently  refers:  this  author  fays,  that  the  firft 
fource  of  vegetation,  or  its  primitive  bud,  is  formed 
all  at  once,  and  fpecifically  determined : that  it  is  the 
firft  thing  in  motion,  that  it  commences  vegetation,  and 
that  afterwards  heat  concurs  to  aftift  its  expand ve  force. 
Now  is  it  not  this  which  the  ancient  philofophers  meant, 
when  they  faid,  that  the  feminal  force  was  incorporeal, 
and  aCled  upon  bodies  as  much  as  fpirit  did  ? And 
•Democritus  and  Strabo  have  explained  themfelves 
hereupon  with  ftill  more  dignity,  when  they  call  it* 
•energy  fpiritual,  and  convertive  of  bodies  into  itfelf. 


wHUMar 
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CHAP.  IX. 


Of  Thunder^  and  Earthquakes  ; of  the  Vir- 
tue of  the  Magnet ; of  the  Ebbing  and 
Flowing  of  the  Sea  ; and  of  the  Source  of 
Rivers.  <■ 


J.  T Go  on  to  fome  articles  of  Natural  Philofophy, 


where  1 fhall  endeavour  to  fbew  the  conformity 
■there  is  between  the  ancients,  and  fome  of  our  moft 
celebrated  philofophers.  It  is  evident,  that  the  caufes 
of  thunder,  earthquakes,  the  attractive  force  of  the 
loadftone,  the  ebbing  and  flowing  of  the  fea,  and  the 
return  of  rivers  to  their  fource,  were  not  hid  from  the 
former;  nor  was  it  their  fault,  that  the  fentiments  they 
fo  long  ago  held  on  thefe  fubjeCts,  wete  either  not 
adopted,  or  not  till’ very  lately.  It  ought  not  to  be  ob- 
jected here,  that  the  diverfity  of  opinions  among  them 
was  fo  great,  that  it  was  difficult  to  determine  which  to 
chufe ; unlefs,  at  the  fame  time,  it  be  acknowledged, 
that  the  fame  holds  true  with  refpeCt  to  the  equal  va- 
riety that  reigns  at  prefent  among  us.  It  is  not  long 
ago,  that  two  or  three  different  fets  of  notions  were 
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xaifed  up  againft  tbofe  of  Sir  Ifaac  Newton,  refpe£Ung 
colours ; but  that  did  not  impede  the  triumph  of  his 
fyftem,  nor  ftrip  him  of  the  glory  of  having  propofed, 
what,  beyond  all  others,  was  moft  juft  and  folid. 

2.  The  moderns  are  divided  into  two  opinions  as 
to  what  occafions  thunder ; fome  of  them  afligning  the 
cauie  of  it  to  inflamed  exhalations,  rending  the  clouds 
wherein  they  are  confined ; others  afcribing  it  to  the 
(hock  that  happens  between  two  or  more  clouds,  when 
thofe  that  are  higher  and  more  condenfed,  fall  upon 
thofe  that  are  lower,  with  fo  much  force  as  fuddenly 
to  expel  the  intermediate  air,  which  vigoroufly  ex- 
panding itfelf,  in  order  to  occupy  its  former  fpace, 
puts  all  the  exterior  air  in  commotion,  producing  thofe 
reiterated  claps  which  we  call  thunder.  I flop  not  to 
examine  a third  theory,  which  makes  the  matter  pro- 
ductive of  thunder,  the  fame  with  that  which  is  the 
cauie  of  eleCbwity  ; for  though  it  be  the  moft  proba- 
ble of  any,  yet  the  truth  of  it  is  ftill  contefted. 

• • ; ' • v *'•  4 ■ : . * ' 

•'  3.  Of  thofe  two  fentiments  of  the  ancients,  which 
have  been  adopted  by  our  moderns,  the  latter  belongs 
to  Ariftotle,  who  fays,  that  thunder  is  caufed  by  a dry 
iexhalation,  which  falling  upon  a humid  cloud,  and  vi- 
olently endeavouring  to  force  a paflage  for  itfeif,  pro- 
duces the  peals  which  we  hear.  And  Anaxagoras  re- 
fers it  to  the  fame  caufe.  All  the  other  paflages,  which 
occur  in  fuch  abundance  among  the  ancients,  refpetf- 
ing  the  formation  of  thunder,  evidently  contain  the 
reafbftings  of  the  Newtonians,  and  fometimes  join  to- 
gether the  two  fentiments  which  divide  the  moderns. 

- 4.;  Leucippus  held,  that  thunder  proceeded  from  a 
fiery  exhalation,  which  enclofed  in  a cloud,  burft  it 
afunder,  and  forced  it's  way  through.  Democritus  af- 
ferts,  that  it  is  the  effeft  of  a mingled  collection  of  va- 
rious volatile  particles,-  which  impel  downwards  the 
cloud  which  contains  them,  till  by  the  rapidity  of  their 
motion,  they  fet  themfelves  and  it  on  fire.  Seneca 
" afcribes  it  to  a -dry  fulphureous  exhalation  arifing  out 
, of  the  earth,  which  he  calls  the  .aliment  of  lightning  ; 

and 
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and  which,  becoming  more  and  more  fubtilized  in  its 
afcent,  at  laft  takes  fire  in  the  air,  and  produces  a vio- 
lent eruption. 


5.  The  Stoics  diftinguilhed  two  things  in  thunder, 
the  lightning  and  the  noife.  According  to  them,  thun- 
der was  occafioned  by  die  (hock  of  clouds ; and  light- 
ningwas  the  combuftion  of  the.  volatile  parts  of  the 
cloud,  fet  on  fire  by  the  (hock : and  Chryfippus,  taught 
that  lightning  was  the  refult  of  clouds  being  fet  on  fire 
by  winds,  which  dafhed  them  one  againft  another  ; and 
that  thunder  was  the  noife  produced  by  that  re-encoun- 
ter : he  added,  that  thefe  effects  were  coincident ; our 
perception  of  the  lightning  before  the  thunder-clap,  be- 
ing entirely  owing  to  our  fight  being  quicker  than  our 
hearing. 


6.  There  is  but  one  opinion  refpe<njng  the  caufe  of 
earthquakes,  which  deferves  any  notice ; and  it  is  that 
of  the  Cartefians,  Newtonians,  and  all  our  other  able 
naturalifts.  They  afcribe  ft  to  the  earth’s  being  filled 
with  cavities  of  a vaft  extent,  containing  in  them  an 
immenfe  quantity  of  thick  exhalations,  of  a fuliginous 
febftance,  refembling  the  - fmoke  of  an  extinguished 
candle,  which  being  eafily  inflammable,  and  by  their 
agitation  catching  fire,  rarefy  and  heat  the  central  and 
condenfed  air  of  the  cavern  to  fuch  a degree,  that 
finding  no  vent  to  iflue  it,  it  burfts  its  enclofements  ; 
and  in  doing  this,  Shakes  the  earth  all  around  with 
dreadful  percuflions,  producing  all  the  other  effects 
which  naturally  follow. 


% This  fame  reafon  is  given  by  Ariflotle  and  Se- 
neca, in  afligning  the  caufe  of  fuch  dreadful  events. 
The  former,  after  refuting  thofe  who  afcribed  earths 
quakes  to  the  earth  itfelf,  or  the  water  it  contains,  fub- 
joins  his  own  opinion,  that  they  were  occafioned  by  the 
efforts  of  the  internal  air  in  diflodging  itfelf  from  the 
bowels  of  the  earth  ; and  he  obferves,  that  on  the  ap- 
proach of  an  earthquake,  the  weather  is  generally  fere»e, 
becaufe  that  fort  of  air  which  occafions  commotions  m 

the 
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the  atmofphere,is  at  the  fame  time  pent  up  in  the  en- 
trails of  the  earth. 

8.  Seneca  is  ftill  more  precife  ; we  might  take  hhn 
for  a naturalift  of  the  prefent  times.  He  fuppofes,  that  . 
the  earth  hides  in  its  bofom  many  fubterraneous  fires, 
which  uniting  their  flames,  neceflarily  put  into  fervid 
motion  the  congregated  vapours  of  its  cells,  which 
finding  no  immediate  outlet,  exert  their  utmoft  powers, 
j till  at  laft  they  force  a way  through  whatever  oppofes 
them.  He  fays  alfo,  that  if  the  vapours  be  too  weak 
to  burft  the  harriers  which  retain  them,  all  their  efforts 
end  in  weak  (hocks,  and  hollow  murmurs  without  any* 
fatal  confequence.  ~ v ' : . , 

<•  9.  Of  all  the  folutions  that  ever  were  attempted  to 

be  given  of  the  ebbing  and  flowing  of  the  fea,  the  mod 
Ample  and  ingenious,  is,  that  of  Kepler  and  Sir  Ifaae 
Newton.  It  is  founded  on  this  hypothefis,  that  the 
moon  attracts  the  waters  of  the  fea,  diminifhing  the 
weight  of  all  thofe  parts  of  it  over  whole  zenith  it 
comes,  and  increafing  the  weight  of  the  collateral  parts, 
fo  that  the  parts  dire&ly  oppofite  to  the  moon,  and  un- 
der it  in  the  fame  hemifphere,  muft  become  more  ele- 
vated than  the  red.  According  to  this  fyftem,  the  ac- 
tion of  the  fun  concurs  with  that  of  the  moon,  in  oc- 
cafioning  the  tides ; which  are  higher  or  lower  reflec- 
tively, according  to  the  fituation  of  thofe  two  lumina- 
ries, which,  when  in  conjunction,  aft  in  concert,  railing 
the  tides  to  the  greateft  height;  and  when  in  oppofi- 
tion,  produce  nearly  the  fame  effedl,  in  fwelling  the 
waters  of  the  oppofite  hemifpheres  ; but  when  in  qua- 
drature, fufpend  each  others  force,  fo  as  to  alt  only  by 
the  difference  of  their  powers : and  thus  the  tides 
vary,  according  to  the  different  pofitions  of  thofe  lu- 
minaries. 

10.  Pliny's  account  agrees,  with  this.  “ That  great 
naturalift  maintained,  that  the  fun  and  moon  had  a re- 
ciprocal fhare  in  caufing  the  tides  ; and  after  a courfe 
, of  obfervations  for  many  years,  remarked  that  the 
moon  alted  mod  forcibly  upon  the  waters,,  when  it  was 

neared 
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Ineareft  to  the  earth,  but  that  the  effeft  was  not  imme. 

diately  perceived  by  us,  but  at  fuch  an  interval  as  may 
well  take  place  between  the  aCtion  of  celeftial  caufes, 
and  the  diicernible  refult  of  them  on  earth.”  He  re- 
marked alfo  that  the  waters,  which  are  ijaturally  inert* 
do  not  fwell  up  immediately  upon  the  conjunction  of 
the  fun  and  moon  ; but  having  gradually  admitted 
the  impulfe,  and  begun  to  raife  themfelves,  continue  in 
that  elevation,  even  after  die  conjunction  is  over. 

v V ^ • 

1 1.  There  are  few  things  which  have  more  engaged 
the  attention  of  naturalifts,  and  with  lefs  fuccefs,  than 
the  wonderful  properties  of  the  loadftone.  At  all  times 
inen  have  hazarded  a variety  of  conjectures,  to  account 
for  the  curious  effects  of  it.  Almoft  all  have  agreed 
in  aligning  this  as  a principal  reafon,  that  there  are 
eorpufcles  of  a peculiar  form  and  energy,  that  continu- 
ally circulate  around  and  throngh  the  loadftone,  and 
a vortex  of  the  fame  -matter,  circulating  around  and 
through  the  earth.  Upon  thefe  fuppoGtions,  the  mo- 
dem philofophers  have  advanced,  that  the  loadftone 
,hath  two  poles,  fimilar  to  thofe  of  the  earth  y and  that  . 
.the  magnetic  matter  which  i flues  at  one  of  the  poles, 

. and  circulates  around  to  enter  at  the  other,  occafions 
that  impulfe  which  brings  iron  to  the  load  (lone,  whole 
fmall  eorpufcles  have  an  analogy  to  the  pores  of  iron, 

. fitting  them  to  lay  hold  of  it,  but  not  of  other  bodies. 
.This  is  almoft.  all  that  hath  been  realbnably  advanced 
with  refpeCt  to  the  virtue  of  the  magnet,  and  all  this 
the  ancients  haft  faid  before. 

12.  This  impulfive  force,  which  joins  iron  to  the 
-loadftone,  and  other  things  to  amber,  was  known  to 
Plato  ; though  he  would  not  call  it  attraction,  as  al- 
. lowing  no  fuch  caufe  in  nature.  This  philofopher  call- 
ed the  magnet,  the  done  of  Hercules,  becaufe  it  fub- 
dued  iron,  which  conquers  every  thing.  Lucretius  alfo 
- knew  what  caufed  this  property  in  the  loadftone,  and 
.without  doubt  furniihed  Defcartes  with  bis  explanation. 
He  admitted,  that  there  was  a **  vortex  of  corpufples, 
or  magnet  matter,  which  continually  circulating  around 
the  loadftone,  repelled  the  intervening  air  betwixt  itfelf 
and  iron.  The  air  thus  repelled,  the  intervening  fpace, 

fays 
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fays  that  philofopher,  became  a vacuum  t and  the  iron* 
finding  no  refiftance,  approached  with  an  impulfive 
force,  pufhed  on  by  the  air  behind  it.”  Plutarch  like- 
wife  is  of  the  fame  opinion.  He  fays,  44  amber  attra&s 
none  of  thofe  things  that  are  brought  to  it*  any  more 
• than  the  loadftone.  That  ftone  emits  a matter,  which 
refle&s  the  circum-ambient  air,  and  thereby  forms  a 
void.  That  expelled  air  puts  in  motion  the  air  be- 
fore it,  which  making  a circle  returns  to  the  void 
fpace,  driving  before  it,  towards  the  loadftone,  the 
iron  which  it  meets  in  its  way.”  He  then  propofes  a 
difficulty,  44  why  the  vortex  which  circulates  round 
the  loadftone,  does  not  make  its  way  to  wood  or  ftone, 
as  well  as  iron*”  He  anfwers,  like  Defcartes,  that 44  the 
pores  of  iron  have  an  analogy  to  the  particles  of  the 
vortex  circulating  about  the  loadftone,  which  yields  ^ 
, them  fuch  accefs  as  they  can  find  in  no  other  bodies, 
whofe  pores  are  differently  formed.”  ■ v 

IS.  It  is  fcarce  credible,  that  the  real  caufe  of  elec- 
tricity was  known  to  the  ancients,  though  there  be  in- 
dications of  it  bn  the  work  of  Timceus';L»ocrenfis,  con- 
cerning the  foul  of  the  world,  a refpe&able  monument 
of  ancient  philofophy*  Lt  is  true,  that  modern  natura- 
lifts  themfelves  are  divided  on  this  point,  not  indeed 
with  refpeCl  to  the  general  caufe  of  electricity,  but  with 
regard  to  the  caufes  of  the  different,  directions  of  the 
&eCtric  matter.  They  do  not  indeed  fay  wherein  the 
eflence  of  this  matter  eonfifts ; they  only  define  it  by 
its  properties,  and  explain  it  by  its  effects ; yet  all  own, 
that  it  is  a very  fubtle  fluid^refiding  around  eleCtrie 
bodies,  which  upon  being  put  into  motion  by  the  fric- 
tion of  thofe  bodies,  or  any  other  caufe,  forcibly  rallies 
into  them,  carrying  along  with  it  all  the  minute  tilings 
contained  in  its  vortex,  and  producing  all  the  other 
effects  of  electricity  which  we  perceive : now  this  is 
precifely  wh^t  Timceus  fays  of  it,  in  giving  the  reafon 
pf  amber’s  attracting  bodies ; this  happens,  fays  he, 
becaufe  there  iffues  from  the  amber,  a fubtle  matter,  bjr 
which  it  draws  other  bodies  to  itielf*  - 

, 14.  The  modems  are  alfo  divided  in  their  fenti- 
ments,  how  it  comes  topafs,that  rivers  continually  flow- 
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mg  into  the  fea,  do  not  fwell  its  mafs  of  waters',  fo  as ' 
to  make  it  overflow  its  banks.  One  of  the  chief  folu- 
tions  of  this  difficulty  is,  that  rivers  return  again  to 
their  fource  by  fubterraneotts  paflages,  which  nature 
hath  formed  for  that  purpofe  ; there  being  between 
the  fea  and  the  fprings  of  rivers,  a circulation  analo- 
gous to  that  of  blood  in  the  human  body.  This  ex- 
planation of  the  origin  of  rivers,  and  the  comparifon 
refpeding  their  circulation,  is  taken  from  Seneca,  who 
accounts  not  only  for  their  not  overflowing  the  bed  of 
the  ocean,  by  the  fecret  paflages  formed  for  them  by 
nature  to  recondu<5t  them  to  their  fprings  ; but  affigns 
this  reafon  why,  at  their  fprings,  they  retain  nothing  of 
that  brackifhnefs,  which  they  carried  with  them  from 
riie  fea  : becaufe,  fays  he,  they  are  completely  filtrated 
in  that  extenfive  circuit  they  make  under  ground,, 
through  winding  paths  of  all  dimenfions,  and  through 
layers  of  every  foil  ;•  fo  that  they  mull  needs  return  to 
their  fource,  as  pure  and  fweet  as  they  departed  thence. 


CHAP.  X. 

Of  Ether , and  of  the  Weight  and  Elasticity 

of  the  Air*  _ 

-j  * *•**  —'  ^ i 

1. r | 1 HE  moderns  underftand  by  ether,  a very  rare 
JL  fluid  beyond  the-  atmofphere,  and  penetrating 
it,  infinitely  more  fubtle  than  the  air  we  refpire,  of  an 
hnmenfe  extent,  filling  all  the  fpaces  where  the  celeftial 
bodies  roll*-  yet  making  no  fenfible  refiftance  to  their 
motions.  The  exiftence  of  fuch  a fluid  is  generally  ac- 
knowledged, although  many  authors,  even  among  the 
moderns, differ  about  its  nature;  fome  fuppofing  it  to 
be  a fort  of  air,  much  purer  than  that  which  inverts  our 
globe ; others  maintaining,  that  it  is  a fubftance  ap- 
proaching to  that  of  the  celeftial  fire,  which  emanates 
from  the  fun*  and  other  ftars  jr  others  make  it  geneti- 
cally . 


( 165  ) 

cally  different  from  all  other  matter,  and  its  parts  finer 
than  thofe  of  light ; alledging,  that  the  exceeding  tenuity 
of  its  parts,  render  it  capable  of  that  Vaft  expanfive 
force,  which  is  the  fource  of  all  that  preffure  and  dila- 
tation whence  moft  of  the  phenomena  in  nature  arife  ; 
for,  by  the  extreme  fubtilty  of  its  parts,  it  intimately 
penetrates  all  bodies,  and  exerts  its  energy  every 
where.  - . 

2.  But,  whatever  be  the  fentiments  now  enter- 
tained with  refpedt  to  the  exiftence  and  nature  of 
ether,  we  find  the  origin  of  them  all  in  what  the 
ancients  have  faid  on  this  fubjedt.  The  Stoics  firft 
of  all  taught,  there  was  a fubtle  and  adlive  fire,  which 
diffufed  itfelf  through,  and  pervaded  the  whole  uni- 
yerfe  ; that  by  the  energy  of  this  ethereal  fubftance, 
to  which  they  gave  the  name  of  ether,  all  the  parts  of 
. nature  were  produced,  fuftained,  preferred,  and  linked 
together : for  it  embraced  every  thing,  and  in  it  the 
celeftial  bodies  performed  their  revolutions. 

8,  Ariftotle,  explaining  Pythagoras’s  opinion  of 
ether,  afcribes  the  fame  alfo  to  Anaxagoras,  faying, 
that  he  looked  upon  the  moft  remote  fpaces  of  the  uni- 
verfe,  as  filled  with  a fubftance,  called  ether  hy  the 
philofophers  of  his  time,  but  which  he  himfelf  under- 
stood to  be  a fubtle  and  adlive  fire.  And  Ariftotle 
himfelf,  in  another  place,  underftands  by  ether  a fifth 
element,  pure  and  unalterable,  of  an  adtive  and  vital 
. nature,  but  entirely  different  from  air  and  fire. 

-4.  Pythagoras,  according  to  Diogenes  Laertius,  and 
Hierocles,  affirmed,  that  the  air  which  in  veils  our 
earth,  is  impure  and  mixed  $ but  that  the  air  which  is 
above  is  pure,  healthful,  and  all  of  a piece.  He  calls 
it  free-ether,  emancipated  from  all  grofs  matter,  a ce- 
leftial fubftance  that  penetrated  at  will  the  pores  of  all 
bodies ; juft.like  that  of  the  Newtonians,  which  fills  all 
fpace,  without  giving  any  obftrudiion ' to  the  ftars  m 
their  courfes.  And  Empedocles,  one  of  the  moft  ce- 
lebrated difciples  of  Pythagoras,  is  quoted  by  Plu- 
- tarch,  and  St.  Clemens  Alexandrinus,  as  admitting  an 
*>  - - ethereal 
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ethereal  ftibftance,  which  filled  all  fpace,  and  contained 
in  it  all  the  bodies  of  the  univerfe.  Likewife  Plato, 
fpeaking  of  air,  diftinguifhes  it  into  two  "kinds,  the  one 
grofs  and  filled  with  vapours,  which  is  what  we  breathe  $ 
the  other  more  refined,  called  ether,  in  which  the  ce- 
leftial  bodies  are  immerged  and  where  they  roll. 

5.  The  nature  of  air  was  no  lefs  known  among  the 
ancients,  than  that  of  Ether.  They  regard  it  as  a ge- 
neral menftruum,  containing  all  the  volatile  parts  of 
every  thing  in -nature,  which  being  varioufiy  agitated, 
and  differently  combined  in  its  embrace,  produced  all 
that  multiplicity  of  ferments,  meteors,  tempefts,  and 
all  the  other  changes  in  it,  which  we  experience.  They 
were  acquainted  too  with  its  weight,  though  the  expe- 
riments tranfmitted  to  us  relative  to  this  are  but  few. 
Ariftotle  appears  to  have  obferved  this  quality  in  it, 
for  he  fpeaks  of  a veffel  filled  with  air,  -as  weighing 
more  than  one  quite  empty.  Plutarch  and  -Stobceus 
quote  him  as  teaching  that  the  air  in  its  weight  is  beJ 
tween  that  of  fire  and  of  earth  ; and  he  himfelf,  treat- 
ing of  refpiration,  reports  the  opinion  of  Empedocles, 
who  afcribes  the  caufe  of  it  to  the  weight  of  the  air, 
which  by  its  preffure  infinuates  itfelf  with  force  into  the 
Jungs.  Plutarch  exprefles  in  the  very  fame  terms  the 
fentiments  of  Afdepiades  on  this  fubjeft,  reprefenting 
him  among  other  things,  -as  faying,  that  the  external 
air  by  its  weight,  opened  its  way  with  force  into  the 
breaft.  There  is  ftill  extant  a treatife  of  Heron  of 
Alexandria,  wherein  he  conftantly  applies  the  elafticity 
of  the  air,  t©  produce  ftich  effects,  a S cannot  but  con- 
vince-us,  that  he  perfectly  underftood  that  property  of 
it.  And  what  will  appear  ftill  more  furprifing,  is, 
that  Ctefibius,  upon  the  principle  of  the  air’s  elafticity, 
invented  wind-guns,  which  we  look  upon  as  a modern 
contrivance.  -Philo  of  Byzantium,  gives  a very  full 
and  exad  defcription  of  that  curious  machine,  planned 
upon  the  property  of  the  air’s  being  capable  of  conden- 
fation,  and  fo  conftru&ed,  as  to  manage  and  direlt  the 
force  of  that  element,  in  fuch  a manner,  as  to  carry 
(tones  with  rapidity  to  the  greateft  diftance.  Seneca 
alfo  knew  its  weight,  fpring,  and  elafticity  j for  he  de- 

fcribes 
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fcribes  the  conftant  effort  it  makes-  to  expand  itfelf,  * 
when  it  is  impreffed  ; and  affirms,  that  it  has  the  pro- 
perty of  condenling  itfelf,  and  forcing  its  way  through 
all  obftacles  that  oppofe  its  paffage.  ✓ 

6.  The  notions  mod  generally  received  refpedltng 
fire,  and  its  properties,  are  clearly  to  be  found  in  Plato, . 
Stobceus,  Ariftotle,  and  Lucretius ; the  firft  of  whom 
fays,  that  fire  is  generated  of  motion,  it  being  the  ef- 
fect of  the  aft  and  friftion  of  the  fmali  particles  of 
bodies.  Ariftotle  fpeaks  of  fome  philofophers  of  his 
time,  who  taught,  that  flame  was  nothing  elfe,  but' 
fmali  corpufcmar  parts,  continually  fucceeding  one 
another  in  rapid  motion  ; that  fire  was  compofed  of-' 
pyramidical  particles  whole  lharp  angles  ftung  us  in  en- 
tering our  pores,  and  melted  metals,  by  difcovering 
their  parts,  which  is  what  Defcartes  hath  repeated ;from 
him.  Demonax  affirms,  that  fire  hath  weight.  Lu- 
cretius does  the  fame ; adding,  that  the  reafon  of  its 
always  appearing  to  tend  upwards,  is  owing  to  a fo- 
reign caule ; to  wit,  the  preffure  of  the  air,  which  buoys 
its  fiame  up,  and  makes  it  feem  to  mount.  ; 
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Newton's  Theory  of  Colours,  indicated  by 
Pythagoras  and  Plato. 

4 

\ . • • V ■ - :■  . . » . , 

l.f  l ^HAT  wonderful  theory,  whereby  is  Invefti- 
JL  gated  and  diftinguifhed  from  one  another,  all 
that  variety  of  colours  which  enters  into  the  compofi- 
tion  of  that  uniform  appearance,  light,  might  of  itfelf 
fufHce  to  eftablifh  for-  ever  the  glory  of  Sir  Ifaac  New- 
ton, and  he  an  eternal  monument  of  the  extraordinary 
fagacity  of  that  great  man.  That  difcovery  feems,  by 
its  importance*  to  have  been  referred  for  an  age  when  * 

' philofophy 
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pbilofophy  had  arrived  at  its  fulled  maturity  ; and  yet 
it  is  to  be  found  among  fome  of  the  eminent  men  of  the 
firft  antiquity,  whole  genius  had  no  occalion  for  the 
experience  of  many  ages  to  form  it,  as  is  ftrikingly  evi- 
dent from  their  having  given  birth  to  the  fciences.  Of 
this  number  are  Pythagoras  and  Plato.  The. former 
of  whom,  and  his  difciples  after  him,  entertained  fuf- 
ficiently  juft  conceptions  of  the  formation  of  colours. 
They  taught,  that  they  refulted  folely  from  the  diffe- 
rent modifications  of  refle&ed  light;  or,  as  a modem 
author,  in  explaining  the  fentiments  of  the  Pythagore- 
ans, expreffes  it,  light  reflecting  itfelf  with  more  or 
lefs  vivacity,  forms  by  that  means  our  different  fenfe- 
tions  of  colour.  Thofe  fame  philofophers  of  the  Py- 
thagoric  fchool,  in  affigning  the  reafon  of  the  difference 
of  colours,  afcribe  it  to  a mixture  of  the  elements  of 
light ; and  divefting  the  atoms,  or  fmall  particles  of 
light,  of  all  manner  of  colour,  impute  every  ferifation 
of  that  kind  to  the  motions  excited  in  our  organs  of. 
flght.  The  difciples  of  Plato  contributed  not  a little, 
to  the  advancement  of  optics,  by  the  important  difco-  . 
very  they  made,  that  light  emits  itfelf  in  ftraight  lines, 
and  that  the  angle  of  incidence  Is  always  equal  to  the  " 
angle  of  reflection. 

2.  Plato  alfo  feems  to  have  apprehended  the  New- 
tonian fyftem  of  colours ; for  he  calls  them  the  effeA 
of  Light  tranfmitted  from  bodies,  the  fmall  particles  of 
which  were  adapted  to  the  organs  of  fight.  Now  is  notr 
this  precifely  the  feme  with  what  Sir  Ifeac  teaches, 

“ That  the  different  fenfetions  of  each  particular  co- 
lour are  excited  in  us  by  the  difference  of  fize  in  thofe  "< 
fmall  particles  of  light  which  form  the  feveral  rays; 
thofe  fmall  particles  occafioning  different  images  of  co- 
lour, as  the  vibration  is  more  or  lefs  lively  with  which 
they  ftrike  our  fenfe  ?”  ‘ The  feme  philofopher  hath 
gone  further  idle  hath  entered  into  a detail  of  the  com- 
pofition  of  colours,  and  inquired  into  the  vifible  efteds 
that  muft  arife  from  a mixture  of  the  different  rays  of 
which  light  itfelf  is  compofed.  And  what  he  advances 
a little  farther  on,  that  it  was  not  in  the  power  of  man 
exa&ly  to  determine  what  the  proportion  of  this  mix- 

" ture 
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tnre  fliould  be  in  certain  colours* {efficiently  /hews,  that’ 
he  had  an  idea  of  this  theory,  though  he  judged  it  al-’ 
mod  impoffible  to  unfold  it  j which  makes  lnm  add 
that  mould  any  one  arrive  at  the  knowledge  of  this 
proportion,  he  ought  not  to  hazard  the  difeovery  of  it  : 
fince  it  would  be  impoffible  to  deraonftrate  it  by  clear 
and  convincing  proofs:  and  yet  he  thought  certain 
rules  might  be  laid  down  refpedting  this  fubje#,  if  in 
following  and  imitating  nature,  we  could  arrive  at  the'" 
art  ot  forming  a diverfity  of  colours,  by  the  combined 
intermixture  of  others.  And  he  afterwards  adds,  what 
may  be  regarded  as  the  nobleft  eulogium  that  ever  was 
made  on  fair  Ifaac  Newton  j Yea,  fliould  ever  any  one 
exelaims  that  fine  gemus  of  antiquity,  attempt  by  cu- 
rious relearch  to  account  for  this  admirable  mechanifm, 

{°*  but  manifeft  how  entirely  ignorant 

he  is  of  the  dnference  between  divine  and  human  power 
It  is  true,  God  can  intermingle  thofe  things  one  with 
another,  and  then  lerve  them  at  his  pleafurefbecaufe  he ' 
is,  at  the  lame  time,  all-knowing  and  all-powerful  • but 
there  IS  no  man  now  exifts,  nor  ever  will  perhaps,'  who 

t0  acconfohfli  things  fo  very  difficult. 
What  an  eulogium  are  thefe  words  in  the  mouth  of 

fuch  a philosopher  as  Plato,  and  how  glorious  is  he  who  - 
hath  foccefsfully  accomplished  what  appeared  imprac-' 
ticable  to  that  prince  of  philosophers ! And  what  ele- ' 
vation  of  genius,  what  piercing  penetration  into  the' 
moft  intimate  fecrets  of  nature,  difplays  itfelf  in  what ' 
we  have  juft  now  recited  from  Plato,  concerning  the 
nature  and  theory  of  colours,  at  a .time  when  philo" 
fophy  was  but  yet  in  its  infancy  1 P 

S.  Although  the  fyftem  of  Defcaftes,  refpedhW  the 
propagation  of  light  in  an  inftant,  is  fcarcelv  adnfitted 
at  prelent  by  the  moft  part  of  philofopher's,  nor  has 
been  ever  fince  Meffis.  Caffini  and  Romer  difeoveted 
Ihat  its  motion  was  progreffive ; yet  as  that  fyftem  was 
for  a long  while  in  vogue,  and  the  whole  honour  of  the 

invention  of  ijt  afcribed  to  Defc  rates,  it  will  not  be  amifs 
m a few  words,  to  make  appear,  that  he  drew  the  idea 
.of  it  fiom  Anftotle  and  his  commentators.  The  oni 
*'0„  of  the  mode™  philofephers  is,  that  light  is  nothing 

* a elfe 
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<elfe  bat  the  addon  of  a fubtle  matter  upon  the  organs 

fight.  This  fubtle  matter  is  fuppofed  to  fill  all  that 
Ipace  which  lies  between  the  fun  and  ijs  ; and  that  par- 
ticle of  it,  which  is  next  to  the  fun,  receiving  thence 
an  impulfe,  muft  inftantaneoufly  communicate  it  to  all 
the  reft  which  lie  between  the  fun  and  the  organ  of 
fight.  To  render  this  the  more  evident,  Defcartes  in- 
troduces the  compariibn  of  a ftick  ; which  by  reafon  of 
the  continuity  of  its  parts,  cannot  in  any  degree  be 
moved  lengthways  at  one  end,  without  inftantaneoufly 
being  put  into  the  fame  degree  of  motion  at  the  other 

«nd. 

4,.  Whoever  will  be  at  the  pains  attentively  to  read 
what  Ariftotle  hath  written  concerning  light,  without 
having  recourfe  to  the  ridiculous  interpretations  that 
have  been  put  upon  his  words,  will  clearly  difcern,  that 
he  was  far  from  being  fo  unacquainted  with  the  truth 
In  this  cafe,  as  is  generally  thought.  He  defines  it  to  be 
the  adfion  of  a fubtle,  pure,  and  homogeneous  matter  ; 
and  Philoponus,  explaining  the  manner  in  which  this 
adfion  was  performed,  makes  ufe  of  the  inftance  of  a. 
Jong  firing,  which  being  pulled  at  one  end,  will  inftan- 
taneoufly be  moved  at  the  other.  In  that  .very  place, 
he  refembles  the  fun,  to  the  man  who  pulls  the  firing ; 
the  fubtle  matter,  to  the  firing  itfelf ; and  the  inftane- 
ous  addon  of  the  one,  to  the  movement  of  the  other. 
Simplicius,  in  his  commentary  upon  this  paflage  of 
Ariftotle,  exprefsly  employs  the  motion  of  a ftick,  to 
imitate  how  light,  adted  upon  by  the  fun,  may  inftan- 
taneoufly imprefs  the  organs  of  fight.  The  compan- 
ion of  a ftick,  to  convey  an  idea  of  the  celerity  with 
which  light  may  communicate  itfelf,  feems  to  have 
Jjeen  firft  of  all  made  ufe  of  by  Chryfippus. 
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CHAP.  XII. 


' , Of  Burning  Glasses, 

Id  ■ 'HE  fertile  genius  of  Archimedes  illuftrioufly 
' X appears,  not  only  in  thofe  works  of  his  which 
have  been  handed  down  to  us,  but  alfo  in  the  admira- 
ble defcriptions  which  the  authors  of  his  time  have 
given  us  of  his  difcoveries  in  mathematics  and  mecha- 
nics. Some  of  the  inventions  of  this  great  man  have 
appeared  fo  far  to  furpafs  human  ability  and  imagi- 
nation, that  fome  celebrated  philofophers  have  called 
them  in  queftion,  and  even  gone  fo  far  as  to  pretend  to 
demonftrate  their  impoffibility.  I intend  in  this  chap- 
ter to  examine  into  the  fubje&  of  the  burning  glafles, 
employed  by  Archimedes  to  fet  fire  to  the  Roman 
fleet  at  the  fiege  of  Syracufe.  Kepler,  Naudeus,  and 
Defcartes,  have  treated  it  as  a mere  fable,  though  die 
reality  of  it  hath  been  attefted  by  Diodorus  Siculus, 
Lucian,  Dion,  Zonaras,  Galen,  Anthemius,  Eufta- 
thius,  Tzetzes,  and  others.  Nay,  fome  have  even  pre- 
tended to  demonftrate  by  the  rules  of  Catoptics  the  im- 
poffibility of  it,  notwithftanding  the.aflervation  of  fuch 
refpe&able  authors,  who  ought  to  have  prevented  them 
from  rejecting  fo  lighdy  a fail  fo  well  fupported. 

__  2.  Yet  all  have  not  been  involved  in  this  miftake. 
Father  Kircher,  attentively  obferving  the  defcription 
which  Tzetzes  gives  of  the  burning  glades  of  Archi- 
medes, refolved  to  prove  the  poffibility  of  this  ; and 
having  by  means  of  a number  of  plain  mirrors,  col- 
letfed  the  fun’s  rays  into  one  focus,  he  fo  augmented 
the  folar  heat,  that  at  laft  by  increafing  the  number  of 
tftirrors  he  could  produce  the  moft  intenfe  degree 
of  it. 

H 3 Tzetzes’s 
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3.  Tzetzes’s  defcription  of  the  .glafs  Archimedes 
made  ufe  of,  is  indeed  proper  to  raife  fuch  an  idea  as 
Kirclier  entertained.  That  author  fays,  Archimedes 
fet  fire  to  Marcellus’  navy,  by  means  of  a burning 
glafs  compofed  of  fmall,  fquare  mirrors,  moving  every 
way  upon  hinges ; which  when  placed  in  the  fun’s 
rays,  directed  them  upon  the  Roman  fleet,  fo  as  to  re- 
duce it  to  afhes  at  the  diftance  of  a bow-fhot.  It  is 
probable  Mr.  de  Buffon  availed  himfelf  of  this  defcrip- 
tion, .in  conftrufting  his  burning  glafs,  compofed  of. 
168  little  plain  mirrors,  which  produced  fo  confidera- 
fcle  a heat,  as  to  fet  wood  in  flames  at  the  diftance  of 
two  hundred  and  nine  feet  ; melt  led,  at  that  of  one 
hundred  and  twenty  .;  and  filver,  at  that  of  fifty. 

4.  Another  teftimony  occurs,  which  leaves  not  the 
Jeaft  doubt  in  this  cafe.  Anthemius  of  Tralles  in 
L.ydia,  a celebrated  architect,  able  fculptor,  and  learn- 
ed mathematician,  who. in  the  Emperor  Juftinian’s 
time  built  the  Church  .of  St.  .Sophia  at  Conftantinople, 
wrote  a fmall  treatife  in  Greek,  which  is  extant  only 
in  manufcript,  entitled  Mechanical  Paradoxes.  That 
work,  among  other  things,  has  a chapter  refpecling 
burning  glafles,  where  we  meet  with  the  moft  complete 
defcription  of  the  requifites  that  Archimedes  muft  have 
been  poflefled  of,  .to  enable  him  to  fet  fire  to  the  Ro- 
man fleet.  He  begins  with  this  inquiry,  “ How  many  . 
given  place,  at  a bow-fhot’s  diftance,  a conflagration 
may  be  railed  by  means  of  the  fun’s  fays  ?”  And  im- 
mediately lays  it  down  as  a flrft  principle.  “ The 
fituation  of  the  place  muft  be  fuch,  that  the  rays  of  the 
fun  may  be  reflected  upon  it  in  an  oblique,  or  even  op- 

,{  "polite  direction,  to  that  in  which  they  came  from  the 

fun  itfelf.”  . And  hp  adds,  “ that  the  afligned  diftance 
bang  fo  confiderable,  it  might  appear  at  firft  impofli- 
ble  to  effe<ft  this  by  means  of  the  refleftion  of  the  fun’s 
rays ; but  as  the  glory  Archimedes  had  gained  by 
thus  letting  fire  to  the  Roman  veflels,  was  a fa  (ft  uni- 
verfally  agreed  in,  he  thought  it  reafonable  to  admit 
the  poffibility  of  it,  upon  the  principle  he  had  laid 
down.”  He  afterwards  advances  farther  in  this  in- 
quiry, eftabiifhing  certain  neceffary  propofitiens  in  or- 
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<Jer  to  come  at  a folution  of  it.  u To  find  out  there-^ 
fore  in  whaf  pofition  a plain  mirror  ftiould  be  placed  taT 
carry  the  fun’s  rays  by  reflexion  to  a given  point,  he 
demonftrates  that  the  angle  of  incidence  is  equal  to 
the  angle  of  reflection  ; and  having  (hewn,  that  in  fo 
juft  a pofition  of  the  glafs,  the  fun’s  rays  might  be  re- 
flected to  the  given  place,  he  obferves,  that  by  means  of 
a number  of  glaffes,  reflecting  the  rays  into  the  fame 
focus,  there  mull  arifeat  the  given  place  the  conflagra- 
tion required,  for  inflaming  heat  is  the  refult  of  thus 
concentrating  the  fun’s  rays  : and  that  when  a body  it 
thus  fet  on  fire,  it  kindles  the  air  around  it,  fo  that 
it  comes  to  be  aCted  upon  by  the  two  forces  at  once, 
that  of  the  fun,  and  that  of  the  circum-ambient  air,  re- 
ciprocally augmenting  and  increafing  the  heat 
whence  continues  he,  u it  neceflarily  refults,  that  by  a 
proper  number  of  plain  mirrors  duly  difpofed,  the 
the  fun’s  rays  might  be  reflected  in  fuch  quantity  into 
a common  "focus  at  a bowdhot  diftance,  as  to  fet  all  ia 
flames  around  it. 

■ ' - .A  ' v ^ 
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5.  u As  to  the  mahrler  of  putting  this  in  practice*’ 
he  fays,  “ it  might  be  done  by  employing  many  hands' 
to  hold  the  mirrors  in  the*  defcribed  pofition  ; but  to 
avoid  the  confufion  that  might  thence  arife,  twenty-four 
mirrors  at  leaft  being  requifite  to  communicate  flame 
at  fuch  a diftance,  he  fixes  upon  another  method,  that 
of  a plain  hexagon  mirror,  accommodated  on  every 
fide  by  lefler  ones,  adhering  to  it  by  means  of  plates, 
bands  or  hinges,  connecting  them  mutually  together, 
fo  as  to  be  moved  or  fixed  at  pleafure  in  any  direction. 
Thus  having  adapted  the  large  or  middle  mirror  to  the 
rays  of  the  fun,  fo  as  to  point  them  to  the  given  place, 
it  will  be  eafy  in  the  fame  .manner  to  difpofe  the  reft,  fo 
that  all  the  rays  together  may  meet  in  the  fame  focus  : 
and  multiply  compound  mirrors  of  this  kind, and  giving 
them  all  the  fame  direction,  there  muft  thence  infallibly 
refult,  to  whatever  degree  of  intenfenefs,  the  conflagra- 
tion required  at  the  place  given.” 

* *■  * 

>. 

6..  “ The  better  to  fucceed  in  this  enterprize,  there 
fliquld  be  in  readinefs”  he  adds,  **  a confiderable  num- 
ber 
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ber  of  thefe  compound  mirrors  to  aft  all  at  once,  from 
four  at  leaf!  to  feven.”  He  concludes  his  differtatiot* 
with  pbferving,  “ that  all  the  authors  who  mention  the 
burning  machine  of  the  divine  Archimedes,  never 
fpeak  of  it  as  of  one  compound  mirror,  but  as  a com- 
bination of  many.”  So  large  and  accurate  a defcrip- 
tion  is  more  than  fufficient  to  demonftrate  the  poffibility 
of  a faft,  fo  well  attefted  in  hi  ft  or  y,  and  by  fuch  a num- 
ber of  authors,  that  it  would  be  the  higheft  arrogance, 
to  refufe*our  fuffrage  to  fuch  invincible  teftimony.  Vi- 
tellion,  who  lived  about  the  13th  century,  fpeaks  of  a 
work  of  Anthemius  of  Tralles,  who  had  compofed  a 
burning  glafs,  confifting  of  twenty-four  mirrors,  which 
conveying  the  rays  of  the  fun  into  a common  focus, 
produced  an  extraordinary  degree  of  heat.  And  Lu- 
cian, fpeaking  of  Archimedes,  fays,  “ that  atthefiege 
of  Syracufe  he  reduced,  by  a Angular  contrivance,  the 
Roman  flips  to  allies*  And  Galen  ; that  with  burning 
glades,  be  fired  the  flips  of  the  enemies  of  Syracufe.” 
Zonaras  alfo  fpeaks  of  Archimedes’  glafles,  in  men- 
tioning thole  of  Proclus,  who,  he  fays,  u burnt  the 
fleet  of  Vitellius  at  the. liege  of  Conftantinople,  in  imi-  • 
•tation  of  Archimedes,  who  fet  fire  to  the  Roman  fleet 
at  the  fiege  of  Syracufe.”  He  intimates,  that  the 
manner  wherein  Proclus  effefted  this,  was  by  launch- 
ing upon  the  enemies’  velfels,  from  the  furface  of  re- 
flefting  mirrors,  fuch  a quantity  of  flame,  as  reduced 
them  to  allies. 

*7.  Euftathius,  in  his  commentary  upon  the  Iliad* 
fays,  “ that  Archimedes,  by  a catoptic  machine,  burnt 
the  Roman  fleet,  at  a bow-ftiot’s  diftance.”  Infomuch, 
that  there  is  fcarcely  any  faft  in  hiftory,  warranted  by 
more  authentic  teftimony  ; fo  that  it  would  be  difficult 
Hot  to  furrender  to  fuch  evidence, even  although  wecould 
not  comprehend  how  it  were  poffible  for  Archimedes  , 
to  have  conftrufted  fuch  glafles : but  now  that  the  ex- 
periment of  Father  Kircher,  and  Mr.  de  BufFon  have 
made  it  apparent,  that  nothing  is  more  eafy  in  the  ex- 
ecution, than  what  fome  gentlemen  have  denied  the 
poffibility  of ; what  ought  they  to  think  of  the  genius 
©f  that  man,  whofe  inventions  even  by  their  own  ac- 

counts,v 
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counts,  furpafs  the  conception  of  the  mod  celebrated 
mathematicians  of  our  days,  who  think  they  have  done 
fomething  very  extraordinary,  when  they  have  fheWed 
themfelves  capable  of  imitating  in  fome  degree  the 
/ketches  of  thofe  great  matters,  of  whom,  however,* 
they  are  very  unwilling  to  be  thought  the  difciples  ? 

8.  Again,  it  appears  that  the  Ancients  were  ac- 
quainted with  refradling  burning  glafles ; for  we  find 
in  Ariftophanes’s  Comedy  of  the  Clouds,  a pa/Tage 
which  clearly  treats  of  the  effedts  of  thofe  glafles.  The 
author  introduces  Socrates  as  examining  Strepfiades, 
about  the  method  he  had  difc over ed  for  gettingclear 
for  ever  of  his  debts.  He  replies,  that  he  thought  of 
making  ufe  of  a burning  glafs,  which  he  had  hitherto 
ufed  in  kindling  his  fire  ; for  fays  he,  rfiould  they  bring 
a writ  againft  me,  Pll  immediately  place  my  glafs  in 
the  fun,  at  fome  little  diftance  from  the  writ,  and  fet  it 
on  fire.  Where  we  fee  , he  fpeaks  of  a glafs  which 
burned  at  a diftance,  and  which  could  be  no  other  than 
a convex  glafs.  Pliny  and  Ladlantius  have  alfo  fpokexx 
of  glafles  that  burnt  by  refradtion.  The  former  calls: 
them  balls  or  globes  of  glafs,  or  eryftal,  which  expofed 
to  the  fun,  tranfmit  a heat  fufficient  to  fet  fire  to  cloth, 
or  corrode  away  the  dead  flefh  of  thofe  patients  wh6 
Hand  in  need  of  cauftics  ? and  the  latter,  after  Clemens 
Alexandrinus,  takes  notice,  that  fire  may  be  kindled, 
by  interpofing  glafles  filled  with  water,  between  the 
fmn  and  the  objed,  fo  as  to  tranfmit  the  rays  to  it.. 
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CHAP.  XIII. 


.Of  universal  Gravity,  and  centri- 
petal and  centrifugal  Force. 

• ■ - v . • - j ■ - v 

Laws  of  the  Movement  of  the  Planets , ac- 
cording to  their  Distance  from  the  com. 
[ mon  Centre . - # 

J*  X T is  here  the  moderns  flatter  themfelves  they 
X have  a remarkable  advantage,  imagining,  that 
they  were  the  firft  who  difcovered  the  principal  of  uni- 
verfal  gravitation,  which  they  look  upon  as  a truth  un- 
known  to  the  ancients.  It  is  however  eafy  to  make  it 
appear,  that  they  have  done  nothing  but  trod  in  the 
. paths  of  thofe  ancients.  It  is  true,  the  moderns  have 
demonftrated  the  laws  of  this  univerfal  gravitation,  and 
, explained  them  with  clearness  and  precifion  ; but  this 
.is  all  they  have  done  in  this  refpetf,  and  have  added 
nothing* 

2.  With  the  lead  attention  to  the  knowledge  of  the 
ancients,  we  find.that  they  were  not  unacquainted  with 
univerfal  gravitation  ; and  knew  befides,  that  'the  cir- 
cular motion,  by  which  the  planets  defcribe  their  courfe, 
is  the  refult  of  the  combination  of  two  moving  forces, 
rectilinear  and  a perpendicular,  which  united  to- 
gether form  a curve.  They  knew  the  reafon  why  thefe 
two  movements,  or  contrary  forces,  retain  the  planets- 
in  their  orbs  ; and  have  explained  themfelves  on  this 
head,  juft  as  the  moderns  do,  excepting  only  the  terms 
of  centripetal  and  centrifugal  $ inftead  of  which,  how- 
ever, they  ufed  what  was  altogether  equivalent.  They 
alio  knew  the  inequality  of  the  courfe  of  the  planets, 
alcribing  it  to  the  variety  of  their  weights  reciprocally 
confidered,  and  of  their  proportional  diftances. 

* ■'  3.  I will 
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5.  I will  not  expatiate  upon  Empedocle's  fyftem,  in 
which  fome  have  thought  the  foundation  of  Newton's 
tvas  to  be  found  ; imagining,  that*  under  the  name  of 
love,  he  intended  to  intimate  a law,  or  power, .which  fe- 
para  ted  the  parts  of  matter,  in  order  to  join  himfelf  to 
them,  and  to  which  nothing  was  wanting  but  the  name 
of  attra&ion. ' * One  fees  alfo,  that  by  the  name  difeord, 
he  intended  to  defcribe  another  force,  which  obliged 
the*  fame  parts  to  recede  from  one  another,  and  which 
Newton  call*  a repelling  force.  But  I leave  Empe- 

' docles,  and  pafs  on  to  paffages  more  deferving  notice. 

* ■■  . • i - ■ • . . .• . • i * - 

4^*  The  Pythagoreans  and  Platonics,  treating  of  tha 
creation  of  the  world,  perceived  the  neceffity  of  ad- 
mitting the  force  of  two  powers,  viz.  proje&icn  and 
. gravity,  in  order  to  account  for  the  revolution  of  the 
planets.  Timceus,  fpeaking  of  the  foul  of  the.worid* 
which  puts  all  nature  in  motion,  fays,  u that  God  hath 
- endowed  it  with  two  powers,  which,  in  combination, 
adt  according  to  certain  numeric  proportions.”  Plato, 
who  hath  followed  Timoeus  in  his  nacural  philofophy, 
clearly  alferts,  that  God  had  imprefied  upon  the  plane  s 
a motion  which  was  the  moft  proper  for  them  ; which 
could  be  nothing  elfe  than  the  perpendicular  motion, 
which  has  a tendency  to  the  centre  of  the  univerfe,  that 
is,  gravity  * and  what  in  this  cafe  coincides  with  it,  a 
lateral  imp alfe,  rendering  the  whole  circular.  And 

• Diogenes  Laertius,  alluding  in  all  likelihood  to  this 

• paffage  of  Plato,  fays,  that  at  the  beginning,  the  bodies 
of  the  univerfe  were  agitated  tumukuoufly,  and  with 
a diforderly  movement,  but  that  Gal  afterwards  re* 
gulated  their  courfe,  by  laws  natural  and  proportional  j 

.>  ; * 

5*.  Anaxagoras  cited  by  Diogenes  Laertius,  being 
alked  what  it  was  that  retained  the  heavenly  bodies  in 
their  orbit,  notwithstanding  their  .gravity  ; anlweried, 
that  the  rapidity  of  their  courfe  prefer ved  them  in  their 
ftations  ; and  fhould  the.  celerity  of  their  motions  abate* 

. the  equilibrium  of  the  world  being  broke,  the  whole 
. machine  would  fall  to  ruin.  r • ■ . 

) i.  * 1 
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6.  Plutarch,  who  knew  almoft  all  the  Ihining  truths 
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of  aftronomy,  took  notice  alfo  of  the  reciprocal  energy, 
which  caufes  the  planets  to  gravitate  towards  one  an*- 
other  ; and  in  explaining  what  it  was  that  made  bodies 
tend  towards  the  earth,  he  attributes  it  to  a reciprocal 
attraction,  whereby  all  terreftrial  bodies  have  this  ten- 
dency, and  which  collects  into  one  the  parts  confti- 
tuting  the  fun  and  moon,  and  retains  them  in  their 
fpheres.  He  afterwards  applies  thefe  particular  phe- 
nomena to  others  more  general ; and  from  what  hap- 
pens in  our  globe,  deduces,  according  to  the  fame  prin- 
ciple, whatever  mud  thence  happen  refpeCtively  in 
each  celedial  body  ; and  then  confiders  them  in  their 
relative  connections  one  towards  another.  He  illuf- 
trates  this  general  connection,  by  mftancing  what  hap- 
pens to  our  moon  in  its  revolution  round  the  earth,  com- 
paring it  to  a done  in  a fling,  which  is  imprefled  by 
two  powers  at  once  ; that  of  projection,  which  would 
carry  it  away,  were  it  not  retained  by  the  embrace  of 
the  fling  ; which,  like  the  central  force,  keeps  it  fronv 
wandering,  whild  the  combination  of  the  two  moves  it 
in  a circle.  In  another  place,  he  fpeaks  of  an  inherent 
power  in  bodies  ; that  is,  in  the  earth;  and  other  pla- 
nets ; of  attracting  to  themfelves  whatever  is  within 
their  reach.  It  is  impoflible,  not  to  perceive  in  all  thefe 
paflages,  a plain  reference  to  the  centripetal  force , 
which  binds  the  planets  to  their  proper  or  common 
centres ; and  to  the  centrifugal,  which  makes  them 
roll  in  circles  at  a difiance. 

/ \ ' 

7.  We  have  feejft,  that  the  ancients  attribute  to  the 

7 t 

celedial  bodies,  a tendency  towards  one  common  cen- 
tre, and  a reciprocal  attractive  power.  Lucretius  well 
perceived  this  truth,  though  he  deduced  from  it  a very 
firange  confequence,  that  the  univerfe  had  no  common 
centre,  but  that  infinite  fpace  was  filled  with  an  infinity 
ef  worlds  like  ours  : for,  fays  he,  if  the  celedial  bodies 
were  all  of  them  carried  towards  one  common  centre, 
and  not  redrained  from  that  tendency  by  fome  exterior 
aCtive  force,  they  mud  needs  foon  diverge  towards  one 
another,  by  virtue  of  their  attractive  power,  and  like 
bodies  tumbling  from  on  high,  re-unite  at  the  common 
centre  of  gravity,  and  coalefce  into  one  infinite  inac- 
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8.  It  appears  alfo,  thac  the  ancients  knew,  as  well  as 
the  moderns,  the  caufe  of  gravitation,  which  attracted  all 
things,  dii  not  reiide  folely  in  the  centre  of  the  earth. 
Their  ideas  were  more  philofophic  ; that  this  power 
was  diJafed  through  every  particle  of  the  terreltrial 
globe,  and  compounded  of  the  various  energy  refitting 
in  each. 

••  f . ..  / — ; . ► 

9.  It  remains  to  inquire,  whether  the  ancients  knew 
the  law  by  which  gravity  adts  upon  the  celeftial  bodies; 
that  it  was  in  an  inverfe  proportion  of  their  quantity  of 
matter,  and  the  fquare  of  their  diftance.  Certain  it  isf 
that  the  ancients  were  not  ignorant,  that  the  planets  in  . 
their  courfes  obferved  a conftant  and  invariable  prbpor* 
tion  ; and  that  they  bad  different  opinions  refpediing 
this  proportion.  Some  fought  for  it  in  the  difference 
of  the  quantity  of  matter  contained  in  the  maffes,  of 
which  they  were  compofed  ; and  others,  in  the  dif- 
ference of  their  di  fiances.  Lucretius,  after  Democru 
tus  and  Arillotle,  thought  th^t  the  gravity  of  bodies 
was  in  proportion  to  the  quantity  of  matter  of  which 
they  were  compofed  ; and  the  ableft  Newtonians,  even 
fuch  as  ought  to  be  the  mod  interefted  to  preferve  td 
their  matter  the  glory  of  having  firft  difcovered  thole 
truths,  which  are  the  principal  ornaments  of  his  fyftem 
have  been  the  fir  ft  to  point  at  the  fources  whence  the/ 
feem  to  have  been  drawn.  It  is  true,  the  penetration 
and  fagacity  of  a Newton,  a Gregory,  and  a Maclau- 
rin,  were  requifite  to  diicover,  in  the  few  fragments  now 
remaining,  the  inverfe  law  ref  peeling  the  fquares  of  the 
diftances,  a dodtrine  which  Pythagoras  had  taught; 
but  it  is  no  lefs  true,  that  it  was  contained  in  thole 

\ writings.  This  the  Newtonians  acknowledge,  and  are 

I the  firft  to  avail  themfelves  of  the  authority  of  Pythsi- 

goras,  to  give  weight  to  their  fyftem* 

10.  Plutarch,  of  all  the  philofophers  who  have  fpo- 
ken  of  Pythagoras,  is  he,  who,  as  he  had  a better 
opportunity  of  entering  into  the  ideas  of  that  great 
man,  hath  explained  them  better  than  any  one  befides. 
Pliny,  Macrobius,  and  Cenforinus,  have  alfo  fpoken  of 
the  harmony  which  Pythagoras  obferved  to  reign  in 

the 
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the  courfe  of  the  planets.  Plutarch  makes  him  fay,  it 
i is  probable  that  the  bodies  of  the  planets,  their  dif- 
.tances,  the  intervals  between  their  fpheres,  and  the  ce- 
lerity of  their  courfes  and  revolutions,  are  not  only  pro- 
portionable among  themfelves,  but  to  the  whole  of 

* the  univerfe.  And  Gregory  hath  been  led  to  declare, 
it  was  evident  to  any  attentive  mind,  that  this  great 
man  underftood,  that  the  gravitation  of  the  planets  to- 
wards the  fun,  was  in  a reciprocal  ratio  of-  their  dif- 

: tance  from  that  luminary ; and  that  illuftrious  modern, 

: followed  herein  by  Maelaurin,  makes  that  ancient  phi- 
. lofopher  fpeak  thus ; 

‘ v •>  1 

j i f 4'  ■ • • ' — - 

* -f  11.  €i  A mufical  firing,  fays  Pythagoras,  yields  the 
» Tery  fame  tone  with  any  other  of  twice  its  length,  be- 
•vcaufethe  tenucn  of  the  latter,  or  the  force  whereby  it  is 

extended,  is  quadruple  to  that  of  the  former  ; and  the 

* gravity  of  one  planet,  is  quadruple  to  that  of  any 
- other,  which  is  at  double  the  diftance.  In  general,  to 

bring  a mufical  firing  intounifon  with  one  of  the  fame 
kind,  fhorter  than  itfelf,  its  tenfion  ought  to  be  increafed 
i in  proportion  as  the  fquare  of  its  length  exceeds  that  of 
the  other  5 and  that  the  gravity  of  any  planet,' may 
become  equal  to  that  of  any  other  nearer  the  fun,  it 
.ought  to  be  increafed  in  proportion  as  the  fquare  of 

* its  diftance  exceeds  that  of  the  other.  If  therefore,  we 
fhould  fuppofe  mufical  firings  ftretched  from  the  fun 

.to  each  of  the  planets,  it  would  be  nccetfary,  in  order 
-to  bring  them  all  to  unifon,  to  augment  or  diminifh 

* their  tenfions^in  the  very  fame  prepor  tion  as  would  be 

requifite  to  render  the  planets  themielves*  equal  in 

gravity.  And  this,  in  all  likelihood,  gave  foundation 

for.  the  reports,  that  Pythagoras  drew  bis  dc&rine  of 

harmony  from  the  fpheres. 

* • 

^ . . * • . * • • . ‘ 

12.  Before  I finifii  this  .chapter,  I muft  not  negledl 
% to  infert  a paflage  of  Galileo's,  wherein  he  acknow- 
ledges,' that;he;owes  to- Plato  his  fir  A idea  of  the  me- 
thod of  determining,  how  the  different  degrees  of  ve- 
locity, ought  to  produce  that  uniformity  of  motion  dif- 
cernable  in  the,  revolutions  of  the  heavenly  bodies.  His 
*acccuajtis,  “ Pl<ato  being  of  opinion,  that  no  movea- 

* ' ’ . ble 
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Me  thing  could  pafs  from  a ftate  of  reft  to  any  deter- 
..ruinate  degree  of  velocity,  fo  as  perpetually  and  equal- 
ly to  remain  in  it,  without  firft  pafting  through  all  the 
inferior  degrees  of  celerity  or  retardation;  concludes 
thence,  that  God,  after  having  created  the  celeftial 
bodies,  determining  to  aflign  to  each  a particular  de- 
gree of  celerity,  in  which  they  fhould  always  move, 
imprelfed  upon  them,  when  he  drew  them  from  a ftate 
of  reft,  fuch  a force  as  made  them  run  through  their 
affigned  fpaces,  in  that  natural  and  direft  way  wherein 
we  fee  the  bodies  around  us  pafs  from  reft  into  motion, 
by  a continual  and  fucceffive  acceleration.  And  he 
adds,  that  having  brought  them  to  that  degree  of  mo- 
tion, wherein  he  intended  they  fliould  perpetually  re- 
main ; he  afterwards  changed  the  perpendicular  into 
a circular  direction,  that  being  the  only  courfe  that 
can  preferve  itfelf  uniform,  and  make  a body  without 
ceafing  keep  at  an  equUl  diftance  from  its  proper 
centre.”  This  acknowledgment  of  Galileo  is  the  more 
remarkable,  as  it  comes  from  an  inventive  genius,  .who 
lead  of  any,  owes  his  eminence  to  the  aid  of  the  an- 
cients ; for  it  is  the  difpofition  of  noble  minds  to 
arrogate  to  themfelves  as  little  as  poffible  any  merit, 
but  what  they  have  the  utmoft  claim  to.  Thus  do 
Galileo  and  Newton,  the  greateft  of  all  modern  philo- 
sophers, fet  an  example  which  will  never  be  imitated 
but  by  thofe  of  their  own  clafs. 


CHAP.  XIV. 


Of  the  Copernican  System  ; the  Motion  of  the 
Earth  about  the  Sun  ; and  the  Antipodes. 

y * ’ - * * ' > ' 

*l.f"T  ^ HERE  are  other  truths*  taught  by  the  ancient* 
JL  long  ago,  and  at  laft  adopted  by  the  moderns  ; 
after  having  undergone  a not  uncommon  fate,  that  of 
being  rejected  and  condemned  with  difdain.  That  the 
- earth  moves  about  the  Tun,  and  that  there  are  anti- 
x * • > ' • • • podes. 
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of  aftronomy,  took  notice  alfo  of  the  reciprocal  energy, 
which  caufes  the  planets  to  gravitate  towards  one  an- 
other ; and  in  explaining  what  it  was  that  made  bodies 
tend  towards  the  earth,  he  attributes  it  to  a reciprocal 
attraction,  wdiereby  all  terreftrial  bodies  have  this  ten- 
dency, and  which  collects  into  one  the  parts  confti- 
tuting  the  fun  and  moon,  and  retains  them  in  their 
fpheres.  He  afterwards  applies  thefe  particular  phe- 
nomena to  others  more  general ; and  from  what  hap- 
pens in  our  globe,  deduces,  according  to  the  fame  prin-  ' 
ciple,  whatever  mud  thence  happen  refpeCtively  in 
each  celeftial  body  ; and  then  considers  them  in  their 
relative  connections  one  towards  another.  He  illuf- 
trates  this  general  connection,  by  inftancing  what  hap- 
pens to  our  moon  in  its  revolution  round  the  earth,  com- 
paring it  to  a ftone  in  a fling,  which  is  impreffed  by 
two  powers  at  once ; that  of  projection,  which  would 
carry  it  away,  were  it  not  retained  by  the  embrace  of 
the  fling  ; which,  like  the  central  force,  keeps  it  fronr 
wandering,  whilfl  the  combination  of  the  two  moves  it 
in  a circle.  In  another  place,  he  fpeaks  of  an  inherent 
power  in  bodies  ; that  is,  in  the  earth;  and  other  pla- 
nets ; of  attracting  to  themfelves  whatever  is  within 
their  reach.  It  is  impoflible,  not  to  perceive  in  all  thefe 
paffages,  a plain  reference  to  the  centripetal  force, 
which  binds  the  planets  to  their  proper  or  common 
Centres ; and  to  the  centrifugal,  which  makes  them 
roll  in  circles  at  a distance. 

.7  V . • 

7.  We  have  fee#,  that  the  ancients  attribute  to  the 
celedial  bodies,  a tendency  towards  one  common  cen- 
tre, and  a reciprocal  attractive  power.  Lucretius  well 
perceived  this  truth,  though  he  deduced  from  it  a very 
ftrange  confequence,  that  the  univerfe  had  no  common 
centre,  hut  that  infinite  fpace  was  filled  with  an  infinity 
ef  worlds  like  ours  : for,  fays  he,  if  the  celedial  bodies 
were  all  of  them  carried  towards  one  common  centre, 
and  not  redrained  from  that  tendency  by  fome  exterior 
aCtive  force,  they  mud  needs  foon  diverge  towards  one 
another,  by  virtue  of  their  attractive  power,  and  like 
bodies  tumbling  from  on  high,  re-unite  at  the  common 
centre  of  gravity,  and  coalefce  into  one  infinite  inac- 
tive 

; f Ml 
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8.  It  appears  alfo,  that  the  ancients  knew,  as  well  as 
the  moderns,  the  caul'e  of  gravitation,  which  attracted  all 
things,  did  not  relide  folely  in  the  centre  of  the  earth. 
Their  ideas  were  more  philofophic  ; that  this  power 
was  diifafed  through  every  particle  of  the  terreftrial 
globe,  and  compounded  of  the  various  energy  refiding 
in  each. 

• . . . . •'  . • S . r , * 

9.  It  remains  to  inquire,  whether  the  ancients  knew 
the  law  by  which  gravity  adds  upon  the  celeftial  bodies; 
that  it  was  in  an  inverfe  proportion  of  their  quantity  of 
matter,  and  the  fquare  of  their  diftance.  Certain  it  is, 
that  the  ancients  were  not  ignorant,  that  the  planets  in 
their  courfes  obferved  a conftant  and  invariable  propor- 
tion ; and  that  they  had  different  opinions  refpedding 
this  proportion.  Some  fought  for  it  in  the  difference 
of  the  quantity  of  matter  contained  in  the  mafles,  of 
which  they  were  compofed  ; and  others,  in  the  dif- 
ference of  their 'diftances.  Lucretius,  after  Democri- 
tus and  Ariftoile,  thought  that  the  gravity  of  bodies 
was  in  proportion  to  the  quantity  of  matter  of  which 
they  were  compofed  ; and  the  ableft  Newtonians,  even 

•|  fuch  as  ought  to  be  the  mod  intereiied  to  preferve  t® 

their  mailer  the  glory  of  having  firft  difcovered  thofe 
truths,  which  are  the  principal  ornaments  of  his  fyftem 
have  been  the  Hr  ft  to  point  at  the  fources  whence  they 
feem  to  have  been  drawn.  It  is  true,  the  penetration 
and  fagacity  of  a Newton,  a Gregory,  and  a Maclau- 
rin,  were  requilite  to  dilcover,  in  the  few  fragments  now 
remaining,  the  inverfe  law  relpecting  the  fquares  of  the 
diftances,  a doftrine  which  Pythagoras  had  taught ; 
but  it  is  no  lefs  true,  that  it  was  contained  in  thofe 
it  writings.  This  the  Newtonians  acknowledge,  and  are 

' the  firft  to  avail  themfelves  of  the  authority  of  Pytha- 

goras, to  give  weight  to  their  fyftem. 

. ’ i , r 

10.  Plutarch,  of  all  the  philofophers  who  have  fpo. 
ken  of  Pythagoras,  is  he,  who,  as  he  had  a better 
opportunity  of  entering  into  the  ideas  of  that  great 
man,  hath  explained  them  better  than  any  one  befides. 
Pliny,  Macrobi us,  and  Cenforinus,  have  alfo  fpoken  of 
the  harmony  which  Pythagoras  obferved  to  reign  in 

the 


( ISO  } 


the  courfe  of  the  planets.  Plutarch  makes  him  fay,  h 
iis  probable  that  the  bodies  of  the  planets,  their  dif- 
.tances,  the  intervals  between  their  fpheres,  and  the  ce~ 

•■ferity  of  their  courfes  and  revolutions,  are  not  only  pro- 
*portionable  among  themfelves,  but  to  the  whole  of 
: the  univerfe.  And  Gregory  hath  been  led  to  declare, 
it  was  evident  to  any  attentive  mind,  that  this  great 
man  underftood,  that  the  gravitation  of  the  planets  to-  f 

wards  the  fun,  was  in  a reciprocal  ratio  of-  their  dif- 
: tance  from  that  luminary  ; and  that  illuftrious  modern, 

• : followed  herein  by  Maelaurin,  makes  that  ancient  phi-  _ r 

, lofopher  fpeak  thus ; • % 1 

, :i  ...  , . ■ '■>  , 

i • . „ 

* =:fi  11.  " A mufical  firing,  fays  Pythagoras,  yields  the 
•very  fame  tone  with  any  other  of  twice  its  length,  be* 

•vcaufe  the  tenucn  of  the  latter,  or  the  force  whereby  it  is 

extended,  is  quadruple  to  that  of  the  former;  and  the 
, .gravity  .of  one  planet,  is  quadruple  to  that  of  any 

- other,  which  is  at  double  the  diflance.  In  general,  to  . .«? 

bring  a mufical  firing  into  unifon  with  one  of  the  fame 
kind,  fliorter  than  itfelf,  its  tenfion  ought  to  be  increafed 
» rin  proportion  as  the  fquare  of  its  length  exceeds  that  of 
the  other;  and  that  the  gravity  of  any  planet,' may 
become  equal  to  that  of  any  other  nearer  the  fun,  it 
:©ught  to  be  increafed  in  proportion  as  the  fquare  of 
•its  diflance  exceeds  that  of  the  other.  If  therefore,  we 
fhould  fuppofe  mufical  firing  ftretched  from  the  fun 
-to  each  of  the  planets,  it  would  be  neceffary,  in  order 
•to  bring  them  all  to  unifon,  to  augment  or  diminifh 

• their  tenfions,in  the  very  fame  proportion  as  would  be 
requifite  to  render  the  planets  themfelves ; equal  in 
gravity.  And  this,  in  all  likelihood,  gave  foundation 

for  the  reports,  that  Pythagoras  drew  his  dedlrine  of  ^ 

harmony  from  the  fpheres.”. . 

, ■ . _ . , . * . . # 

12.  Before  I finifii  this  chapter,  I mufl  not  negle<fl 
v to  infert  a paffage  of  Galileo's,  wherein  he  acknow- 
ledges,* that;  he  owes  to*  Plato  his  firft  idea  of  the  me- 
thod of  determining,  how  the  different  degrees  of  ve- 
locity, ought  to  produce  that  uniformity  of  motion  dif- 
cernable  in  the,  revolutions  of  the  heavenly  bodies.  His 
^account  is,  “ Pljito  being  of  opinion,  that  no  movea- 
, * - . bie 


£ 


( 181  ) 

Me  thing  could  pafs  from  a ftate  of  reft  to  any  deter- 
minate degree  of  velocity,  fo  as  perpetually  and, equal- 
ly to  remain  in  it,  without  firft  paffing  through  all  the 
inferior  degrees  of  celerity  or  retardation  ; concludes 
thence,  that  God,  after  having  created  the  celeftial 
bodies,  determining  to  aflign  to  each  a particular  de- 
gree of  celerity,  in  which  they  ftrould  always  move, 
impreifed  upon  them,  when  he  drew  them  from  a ftate 
of  reft,  fuch  a force  as  made  them  run  through  their 
affigned  fparces,  in  that  natural  and  dired  way  wherein 
we  fee  the  bodies  around  us  pafs  from  reft  into  motion, 
by  a continual  and  fucceflive  acceleration.  And  he 
adds,  that  having  brought  them  to  that  degree  of  mo- 
tion, wherein  he  intended  they  fhould  perpetually  re- 
main ; he  afterwards  changed  the  perpendicular  into 
a circular  diredion,  that  being  the  only  courfe  that 
! can  preferve  itf'elf  uniform,  and  make  a body  without 
ceafing  keep  at  an  equ’al  diftar.ce  from  its  proper 
centre.”  This  acknowledgment  of  Galileo  is  the  more 
remarkable,  as  it  comes  from  an  inventive  genius,  who 
leaft  of  any,  owes  his  eminence  to  the  aid  of  the  an- 
cients ; for  it  is  the  difpofition  of  noble  minds  to 
arrogate  to  themfelves  as  little  as  poffible  any  merit, 
but  what  they  have  the  utmoft  claim  to.  Thus  do 
Galileo  and  Newton,  the  greateft  of  all  modern  philo- 
fophers,  fet  an  example  which  will  never  be  imitated 
but  by  thofe.  of  .their  own  clafs,  * 
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Of  the  Copernican  System  ; the  Motion  of  the 

Earth  about  the  Sun  ; and  the  Antipodes. 

• '•  • • - ....  < 

vl.rT  ^ HERE  are  other  truths,  taught  by  the  ancients 
A long  ago,  and  at  laft  adopted  by  the  moderns  ; 
having  undergone  a not  uncommon  fate,  that  of 
being  rejeded  and  condemned  with  difdain.  That  the 
- earth  moves  about  the- fun,  and  that  there  are  anti- 
a * » podes, 


m 


[ 


I 


j 


. » 


< 132  ) 

podes,  are  particulars  known  ong  ago,  though  receiv- 
ed almoit  every  where  at  Hr  it  with  contempt  or  ridi- 
cule ; nay,  they , have ' fomeames  proved  dangerous 
to  thofe  who  held  them  ; yet  Doth  rhele  doctrines  are 
now  fo  well  eilablilhe  !,  tfia.  they  meet  with  general  ap- 
probation. And  thus,  for  two  ages  palt,  nave  we  gone 
on  to  re-introduce  the  moil  celebrated  ot  the  ancient 
opinions  ; ftill  affe&ing,  however,  not  to  know  that  we 
are  in  any  manner  indebted  to  thole  who  firft  held 
them. 


2.  The  mod  reafonable  in  itfelf,  and  what  agrees 
belt  with  the  molt  accurate  obl'ervations,  is  that  fyftem 
of  the  world  propofed  by  Copernicus,  who  places  the 
fun  in  the  centre,  the  fixed  itars  at  the  circumference, 
and  the  earth  and  other  planets  in  the  intervening 
fpace  ; and  who  afcribes  to  the  earth  not  only  a diur- 
nal motion  around  its  axis,  but  an  annual  round  the 
fun  This  fyftem  is  entirely  limple,  and  Left  explains 
all  the  appearances  of  the  planets,  and  their  fituations, 
whether  proceffional,  ftationary,  or  retrograde  ; but  it 

* is  matter  of  furpriie,  how  a fyftem  fo  fully  and  difi. 
tindtly  inculcated  by  the  ancients,  (hould  derive  its 
name  from  a modern  philofopher.  Pythagoras,  Phi- 
lolaiis,  Nicetas'  of  Syracuie,  Plat!o,  Ariftarchus,  and 
many  others  among  the  ancients,  have  in  a thoufand 
places  exprefled  this  opinion  ; and  Diogenes  Laertius, 
Plutarch,  and  Stobceus,  have  with  great  precifion  tranf- 
mitted  to  us  their  ideas  And  that  this  fyitem  was  no 
fooner  universally  received,  ought  entirely  be  afcribed 
to  the  force  of  prejudice  ; which,  deciding  every  thing 
by  appearances,  prefers  feme  to  reafon,  and  abandons 
whatever  is  not  conlormable  to  the  judgment  of  the 
former. 

f J ’ • 

3.  Pythagoras  thought  the  earth  was  a moveable 
body,  and,  lo  far  from  being  the  centre  of  the  world, 
performed  its  revolutions  around  the  region  of  fire, 
that  is,  the  fun,  and  thereby  formed  day  and  night.  It 
is  faid  he  obtained  this  knowledge  among  the  Egyp- 
tians, who  reprefented  tne  fun  emblematically  by  a 
beetle,  becaufe  that  infetf  keeps  itfelf  fix  months  under 

ground, 


i 
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' ground,  and  fix  above;  or,  rather  beeaufe  having 
formed  its  dung  into  a baU,  i.  afterwards  lays  itfelf  on 
its  back,  and,  by  means  of  its  feet,  whirls  that  ball 
round  in  a circle. 

4.  Some  impute  this  opinion  to  Philolaiis,  the  difci. 
pie  of  Pythagoras  ; but  it  is  evident,  be  had  the  merit 
only  of  being  the  publifher  of  it,  and  feveral  other  op-, 
nions  belonging  to  that  fchool : for  Euiebius  exprefsly 
affirms,  that  he  was  the  firlt  who  put  Pythagoras’s  fyf- 
tem  into  writing.  Philolaiis  added,*  that  the  earth 
moved  in  an  oblique  circle ; by  which,  no  doubt,  he 
meant  the  zodiac. 

t 

5.  Ariftarchus  of  Samos,  who  lived  about  three 
centuries  before  Jefus  Chrift,  was  one  of  the  principal 
defenders  of  the  doctrine  of  the  earth’s  motion.  Archi- 
medes, in  his  book,  de  Arenario,  informs  us,  “ That 
Ariftarchus,  writing  on  this  fubjeft  againft  fome  of  the 
philofophers  of  his  own  age,  placed  the  fun  immovea- 
ble in  the  center  of  an  orbit,  defcribejl  by  the  earth  in 
its  circuit.  And  Sextus  Empiricus  alfo  cites  him  as 
one  of  the  principal  l’upporters  of  this  opinion.  ^ There 
is  alfo  a paflage  in  Plutarch,  whereby  it  appears,  that 
Cleanthes  accufed  Ariftarchus  of  impiety,  in  troubling 
the  repofe  of  Vefta,  and  all  the  Larian  gods ; when,  in 
giving  an  account  of  the  phenomena  of  the  planets  in 
their  courfes,  he  taught  that  Heaven,  or  the  firmament 
of  the  fixed  ftars,  was  immoveable  : and  that  the  earth 
moved  in  an  oblique  circle,  revolving  at  the  lame  time 
around  its  own  axis, 

6.  Theophraftus,  as  quoted  by  Plutarch,  fays,  in  his 
Hiftory  of  Aftronomy,  which  hath  not  reached  our 
times,  that  Plato,  when  advanced  in  years,  eave  up 
the  error  he  had  been  in,  of  making  the  fun  turn  round 
the  earth  ; and  lamented,  that  he  had  not  placed  it  in 
the  centre  j but  put  the  earth  there,  contrary  to  the 
order  of  nature.  . Nor  is  it  at  all  ftrange,  that  Plato 
Ihould  re-affiime  an  opinion  \diich  he  had  early  im- 
bibed in  the  fchools  of  the  two  cerebrated  Pythagoreans, 
Archytas  of  Tarentum,  and  Timeus  the  Locrian ; as 

we 
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we  fee  in  St.  Jeromes  Chriftian  Apology-  againft  RtiS. 
nus  ; and  ip  Cicero  we  fee,' that.  Heraclides  of  Pontus, 
who  was  a Pythagorean,  taught  the  fame  dodtrine.  ' 

7.  That  the  Earth  is  round,  and.  inhabited  on  all 
fides,  and  of  courfe  that  there  are  Antipodes,  or  thofe 
whofe  feet  are  directly  oppofite  to  ours,  is  one  of  the 
moft  ancient  dodtrines  inculcated  by  philofophy.  Dio- 
genes Laertius  fays,  that  Plato  was  the  firft  who  called 
fhe  inhabitants  of  the  earth  oppofite  to  us,  Antipodes. 
He  does  not  mean,  that  Plato  was  the  firft  who  taught 
this  opinion,  but  only  the  firft  who  made  ufe  of  the 
term  Antipodes  ; for,  in  another  place,  he  mentions 
Pyttiagoras  as  the  firft  who  taught  it.  There  is  alfo  a 
paflage  in  Plutarch,  whereby  it  appears,  that  it  was  a 
point  of  controverfy  in  his  time:  and  Lucretius  and 
Pliny,  who  oppofe  this  notion,  as  well  as  St.  Augpf- 

. tine,  all  ferve  as  witnefles  that  it  muft  have  prevailed 
; in  their  time. 

8.  1 make  no  mention  of  the  condemnation  of  Bi- 
ftiop  Virgilius  by  Pope  Zachary,  for  having  taught  this 
dodtrine,  becaufe  it  is  g miftake : the  Pope,  in  that 
letter  of  his  to  St.  Boniface,  fpeaks  only  of  thofe  who 
maintained,  that  there  was  another  world  befides  this 
of  ours,  another  fun,  another  moon,  and  fo  on. 

\ '/  ' < : . ■ 

9.  As  to  the  proofs  which  the  Ancients  brought  of 
the  fphericity  of  the  earth,  they  were  the  very  lame 
that  the  modems  make  ufe  of.  Pliny  on  this  fubjedt 
obferves,  that  the  land  which  retires  out  of  fight  to 
perfons  on  the  deck  of  a (hip,  appears  ftill  in  view  to 
thofe  who  are  upon  the  mail  ; and  thende  concludes 
that  the  earth  is  round.  Ariftotle  drew  this  confe- 
quence  not  only  from  the  fhadow  of  the  earth’s  being  - 
circular  on  the  difk  of  the  moon  in  the  time  of  an 
ecliofe,  but  alfo  from  this  circumftance,  that  in  travel- , 
ling  fouth,  we  difcover  other  ftars,  and  that  thofe  which 
we  faw  before,  whether  in  the  zenith,  or  elfewhere, 
change  their  iituationwith refpedt  to  us. 

••  ■ ' - C H A 8. 
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CHAP.  XV. 

f)f  the  Revolution  of  the  Planets  about  their 

oven  Axis. 

1.  r T OW  ufeful  an  aid  the  invention  of  telefcopes 
rl  hath  been  to  the  aftronomical  obfervations  of 
the  moderns,  is  particularly  evident  from  their  diico- 
very,  that  the  planets  revolve  on  their  axis  5 a difeo- 
very  founded  on  the  periodical  revolution  of  the  fpots 
obferved  on  their  difks : fo  that  every  planet  performs 
two  revolutions,  by  the  one  of  which  it  is  carried  with 
others  about  a common  centre ; and  by  the  other  moves 
upon  its  axis  round  its  own.  But  all  that  the  moderns 
have  advanced  in  this  refpeft,  ferves  only  to  confirm  to 
the  Ancients,  the  glory  of  being  the  firft  difeoverers., 
The  Moderns  are  in  this  to  the  Ancients,  as  the 
French  philofophers  are  to  Sir  Ifaac  Newton,  all  whofe 
labours  and  travels  in  vifiting  the  poles  and  equator  to 
determine  the  figure  of  the  earth,  ferve  only  to  confirm 
what  Sir  Ifaac  had  thought  of  it,  without  fo  much  as 
ftirring  from  his  clofet.  In  the  fame  manlier,  we  have 
proved,  that  moil  of  our  experiments  have  ferved,  and 
do  Hill  contribute  to  confirm  and  fupport  the  conjec- 
tures of  the  Ancients  ; although  it  hath  often  happened, 
that  thofe  very  conje&ures  of  theirs,  which  are  now  fo 
generally  received  as  true,  have  formerly  been  as  ge- 
nerally decried.  Of  this  we  have  had  inftances  in  the 
preceding  chapter,  and  the  prefent  will  exhibit  another 

not  lefs  remarkable. 

' % 

2.  Whatever  were  the  arguments  upon  which  the 
Ancients  founded  their  theory,  certain  it  is,  they  clearly 
apprehended,  that  the  planets  revolved  upon  their  own 
axis.  Heraclides  of  Pontus,  afid  Eephantus,  two  cele- 
brated Pythagoreans,  intimated  this  truth  long  ago. 
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and  made  ufe  of  a very  apt  companion  to  convey  theif 
idea,  flying,  that  the  earth  turned  from  weft  to  eaft, 
juft  as  a wheel  does  upon  its  axis,  or  centre.  And 
Plato  extended  this  observation  from  the  earth  to  the 
other  planets  ; for,  according  to  Atticus.  the  Platonic, 
who  explains  his  opinion,  “ To  that  general  motion 
which  makes  the  planets  defcribe  a circular  courfe,  he 
added  another  refulting  from  their  fpherical  fhape, 
which  made  each  of  them  move  about  its  own  centre, 
whilft  they  performed  the  general  revolution  of  their 
courfe.”  Plotinus  alfo  afcribes  this  fentiment  to  Plato, 
for  fpeaking  of  him  he  fays,  that  befides  the  grand 
circular  courfe  obferved  by  all  the  ftars  in  general,  he 
thought  they  each  performed  another  about  their  own 
centre. 

/ js 

3.  Cicero  afcribes  the  fame  notion  to  Nicetas  of  Sy- 
racufe,  and  quotes  Theophraftus  to  warrant  what  he 
advances  ; this  is  he  whom  Diogenes  Laertius  names 
Hycetas,  whofe  opinion  was,  that  the  celerity  of  the 
earth’s  motion  about  its  own  axis,  and  otherwife,  was 
the  only  caufe  of  the  apparent  revolutions  of  the  Hea~ 
venly  Bodies. 

4.  Our  fecondary  planet,  the  moon,  gave  the  Anci- 
ents an  opportunity  of  difplaying  their  penetration. 
They  early  difcovered,  that  it  had  no  light  of  its  own, 
but  (hone  with  that  which  it  reflected  from  the  fun. 
This,  after  Thales*  was  the  fentiment  of  Anaxagoras 
and  of  Empedocles,  who  thence  accounted  not  only 
for  the  mildnefs  of  its  fplendor,  but  the  imperceptibility 
6f  its  heat  ; which  our  experiments  confirm  : for  with 

- all  the  aid  of  burning  glaffes,  we  have  never  yet  found 
it  pradticable  to  produce  the  leaft  effeft  of  heat  from 
any  combination  of  its  rays. 

5.  The  obfervations  made  by  the  moderns,  tend  to 
perfuade  us,  that  the  moon  has  an  atmofphere,  though 
very  rare.  In  a total  eclipfe  of  the  fun,  there  appears 
about  the  difk  of  the  moon,  a glimmering  radiance, 
parallel  to  its  circumference,  which  becomes  more 
and  more  extenuated,  or  rare,  as  it  .diverges  from 
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it.  This,  perhaps,  is  no  other  than  afi  elfedl  proceeding 
from  fuch  a fluid  as  air  ; which  by  reafon  of  its  weight 
and  elafticity,  is  rather  more  denfe  at  bottom  than 
at  top.  With  a telefcope  We  eafily  difcern  in  the 
moon,  parts  more  elevated*  and  more  bright  than 
others,  which  are  judged  to  be  mountains.  We  dif- 
cern alfo  other  parts  lower  and  lefs  bright,  which  feem 
to  be  vallies  lying  between  thofe  mountains.  And  there 
are  other  parts,  which  refle&ing  lefs  light,  and  prefent- 
ing  one  uniform  fmooth  furface,  are  fuppofed  to  be 
large  pieces  of  water.  If  the  moon  then  has  its  collec- 
tions of  water,  its  atmofphere,  its  mountains,  and  its 
vallies ; it  is  thence  inferred,  that  there  may  alfo  be 
tain  there,  and  fnow,  and  all  the  other  aerial  commo- 
tions natural  to  fuch  a fituation  ; and  our  idea  of  the 
Wifdom  and  Power  of  God,  intimates  to  us,  that  he 
may  have  place#  creatures  there  to  inhabit  it ; rather 
than  that  all  this  diiplay  of  his  Ikill,  Ihonld  be  a mere 
wafte.  . 


6.  The  Ancients,  who  had  not  the  aid  of  telef- 
copes,  fupplied  the  defedt  of  that  inftrmnent  by  a 
vivacity  of  penetration  ; for  without  the  means  that  we 
have,  they  have  deduced  all  thofe  confequences  that  are 
admitted  by  the  moderns  : and  difcovered  long  before 
by  the  mental  eye,  whatever  hath  fince  been  prefented 
to  corporeal  fight  through  the  medium  of  telefcopes. 

7.  We  fee,  by  fome  fragments  of  theirs  in  how  fub- 
lime  a manner,  and  worthy  of  the  majefty  of  the  Deity, 
they  entered  into  the  views  of  that  Supreme  Being  in 
his  deftination  of  the  planets,  and  that  multitude  of  ftars 
placed  by  him  in  the  firmament.  They  looked  upon 
them  as  fo  many  funs,  about  which  rolled  planets  of 
their  own,  fuch  as  thofe  of  our  folar  fyftem.  Nay,  they 
went  farther,  maintaining  that  thofe  planets  contained 
inhabitants,  whofe  natures  they  prefume  not  to  defcribe, 
though  they  fuppofe  them  to  yield  to  thofe  of  ours, 
neither  in  beauty  nor  in  dignity.  Orpheus  is  the  moft 
ancient  author,  whofe  opinion  on  this  fubjedt  hath 
come  down  to  us.  Proclus  prefents  us  with  three  verfes 
•f  that  ancient  philofopher,  wherein  he  pofitively 

averts* 
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aflerts,  that  the  moon  was  another  earth,  having  in  it 
mountains, -vallies,  &c. 

8.  Pythagoras,  who  followed  Orpheus  in  many  of 
his  opinions,  taught,  likewife,  that  the  * moon  was  an 
earth  like  ours,  replete  with  animals,  whofe  nature  he 
prefumed  not  to  defcribe,  though  he  was  perfuaded, 
they  were  of  a more  noble  and  elegant  kind  than  ours, 
and  not  liable  to  the  fame  infirmities. 


9.  It  were  eafy  here  to  multiply  quotations,  and 
fhow  by  a crowd  of  paflages,  that  this  Opinion  was 
very  common  among  the  ancient  philofophers  ; but  I 
fhall  content  myfelf  with  adding  a remarkable  paflage 
of  Stobceus,  wherein  he  gives  us  Democritus’s  opinion 
.about  the  nature  of  the  moon,  and  the  caufe  of  thofe 
fpots  which  we  fee  upon  its  difk.  That  great  philofo- 
pher  imagined,  that  thofe  fpots  were  no  other  than 
fhades,  formed  by  the  exceffive  heat  of  the  lunar  moun- 
tains, which  intercepted  the  light  from  the  lower  parts 
of  that  planet,  where  the  vallies  formed  themfelves 
into  what  appeared  to  us  as  fhades  or  fpots.  Plutarch 
went  farther,  alledging,  that  there  were  embofomed  in 
the  moon,  vaft  feas,  and  profound  caverns.  Thefe,  he 
conjectures,  are  built  upon  the  fame  foundation  with 
thofe  of  the  moderns : for,  fays  he,  thole  deep  and  ex- 
tenflve  fhades  which  appear  upon  the  difk  of  that 
- planet,  muft  be  occafioned  by  the  vaft  feas  it  contains, 
which  are  incapable  of  reflecting  fo  vivid  a light,  as 
the  more  foiid  and  opaque  parts  \ or  by  caverns  ex- 
tremely wide  and  deep,  wherein  the  rays  of  the  fun  are 
abforbed,  whence  thofe  fhades  and  that  obfcurity  which 
we  call  the  fpots  of  the  moon.  And  Xenophanes  faid, 
that  thofe  immenfe  cavities  were  inhabited  by  another 
race  of  men,  who  lived  there,  juft  as  we  do  upon 
earth. 


10.  Yet  it  appears  from  one  place  in  Plutarch,  that 
in  his  time,  as  well  as  of  late,  it  was  difputed  by  many, 
whether  the  moon  yielded  any  exhalations  or  vapours 
for  the  production  of  rain,  and  the  other  meteors.  He 
took  part  with  thole  who  held  the  negative,  being  per- 
fuaded 
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funded  that  the  moon  muft  be  fo  intenfely  heated  by 
the  never-ceafing  action  of  the  fun's  rays  upon  it,  that 
all  its  humidity  muft  be  dried  up,  fo  as  to  render  it  in- 
capable of  furnifhing  new  vapours  ; whence  he  con- 
cludes, that  there  exifted  there,  neither  clouds,  nor 
rains,  nor  winds  ; and  of  courfe  neither  plants  nor  ani- 
mals. Now,  this  is  the  very  reafon  alledged  by  fuch 
of  the  moderns  as  oppofe  the  notion  of  the  moon’s  be- 
ing inhabited  ; whereas  the  only  neceffary  confequence 
is,  that  the  inhabitants  of  that  planet  muft  be  entirely 
different  from  thofe  of  ours,  and  by  their  conftitution 
fitted  to  fnch  a clime,  and  fuch  a habitation.  But  how- 
ever this  befit  appears  from  this  paffage,  that  the  opi- 
nion here  mentioned,  had  partizans  even  in  Plutarch’s 
time,  who  were  no  lefs  fertile  than  we  are  in  conjec- 
tures td  fupport  it. 


CHAP,  XVI. 


The  Milky  Way  ; Solar  Systems , or  a Plu- 
rality of  Worlds. 

l.rT',HAT  lucid,  whitilh  zone,  which  is  feen.  in  the 
X'  firmament  among  the  fixed  ftars,  muft  have 
for  a long  while  attrafted  the  attention  of  the  ancients, 
and  occafioned  them  to  advance  a great  many  conjec- 
tures about  the  reafon  of  it,  and  among  the  various 
opinions  refpe&ing  it,  many  without  doubt,  muft  to  us 
appear  groundlefs,  fince  one  only  can  be  true.  But 
this  kind  of  deficiency  is,  what  will  befal  genius  in 
every  age,  however  bright,  and  efpecially  thofe  who 
appeared  in  remote  ages.  A courfe  of  centuries  fo 
familiarizes  the  difcovery  of  any  truth,  after  it  hath 
gained  the  general  confent,  that  we  are  aftonilhed, 
men  of  real  ability,  fhould  ever  have  hefitated  about 
things  which  we  have  known  from  our  infancy  ; and 
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we  never  give  ourfelves  the  trouble  to  think,  that  the 
day  perhaps  ftiall  come,  when  the  ideas  of  Locke  and 
Leibnits,  and  thofe  of  the  Newtonians,  refpeCting  at- 
traction, and  of  our  other  naturalifts  upon  other  fub- 
jedts,  will  be  regarded  by  pofterity,  as  things  fo  obvi- 
©us,  that  they  will  be  amazed,  how  fuch  great  men 
could  for  any  time  refill  fuch  evidence.  Should  any 
one  of  us  appear  to  them  to  have  difcemed  the  truth, 
in  thofe  points  which  are  at  prefent  in  debate,  how 
many  of  us  will  feem  to  have  advanced  nothing  but 
reveries  : and  it  will  be  happy,  if,  among  fuch  a va- 
riety of  opinions,  fome  be  found  to  be  true ; for  it  is 
no  inconfiderable  thing  among  men,  when  at  great  in- 
tervals, fome  one  or  other  arifes  among  them,  who, 
with  fure  fteps  fo  advances,  as  to  keep  clear  of  thofe 
devious  paths  wherein  others  had  wandered.  This 
hath  frequently  happened  among  the  modems,  and  fo 
it  alfo  did  among  the  ancients.  Truth  often  beamed 
through  the  obfcurity  in  which  their  knowledge  was 
enveloped.  Many  erred  in  their  conjectures,  whilft 
only  one  or  two  difcovered  the  right  courfe,  and  point- 
ed it  out  to  others ; fo  we,  of  this  age,  direCt  our 
views  by  the  beams  of  thofe  geniufes  who  have  illumi- 
nated it. 


2.  The  milky  way,  and  fixed  ftars,  have  been  an  ob- 
ject of  inquiry  to  many  philofophers.  As  to  the  for- 
mer of  theie,  the  Pythagoreans  held  that  it  had  once 
been  the  fun’s  path,  and  that  he  had  left  in  it  that 
trace  of  white,  which  we  now  obferve  there.  The 
Peripatetics  have  aflerted,  after  Ariftotle,  that  it  was 
formed  of  exhalations,  fufpended  high  in  air.  I eafily 
admit,  that  there  were  miftakes ; but  all  were  not 
miftaken  in  their  conjectures.  Democritus,  without 
the  aid  of  a telefcope,  preceded  Galileo  in  remarking, 
that  what  we  call  the  milky  way,  contained  in  it  an 
innumerable  quantity  of  fixed  ftars,  the  mixture  of 
whofe  diftant  rays  occafioned  the  whitepefs  which  we 
thus  denominate  : or  to  exprefs  it  in  Plutarch’s  words, 
it  was  the  united  brightnefs  of  an  immenfe  number  of 
ftars. 


3.  The 
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3.  The  ancients  were  no  lefs  clear  in  their  concep- 
tions of  the  nature  of  the  fixed  ftars  than  we  are  : for 
it  is  but  a fhort  while  ago,  that  the  moderns  adopted 
the  ideas  of  thofe  great  matters  on  this  fubjedt,  after 
having  rejedted  them  during  many  ages.  It  would  be 
reckoned  an  abfurdity  in  philofophy  at  prefent,  to 
doubt  of  thofe  ftars. being  funs  like  ours,  each  refpec- 
tively  having  planets  of  their  own,  which  revolve 
around  them,  and  form  various  folar  fyftems,  more  or 
lefs  refembling  that  of  ours.  All  philofophers  at  pre- 
f?nt,  admit  of  this  theory ; and  even  lefs  philofophic 
minds,  begin  to  render  this  conception  familiar  to 
them,  thanks  to  the  elegant  work  of  Mr.  de  Fonte- 
i*e  He. 

V - v 

4.  And  this  notion  of  a plurality  of  worlds,  was 
generally  inculcated  by  the  Grecian  philofophers.  Plu- 
tarch, after  having  given  an  account  of  it,  fays,  “ That 
he  was  fo  far  from  finding  fault  with  it,  that  he  thought 
it  highly  probable  there  had  been,  and  were,  like  this 
of  ours,  an  innumerable,  though  not  abfolutely  infinite 
rnultitude  of  worlds  ; wherein  were,  as  well  as  here, 
land  and  water,  inverted  by  Iky.” 

5.  Anaximenes  was  one  of  the  firft  who  taught  this 
dodtrine.  He  believed,  that  the  ftars  were  immenfe 
maffes  of  fire,  around  which  certain  terreftrial  globes, 
imperceptible  to  us,  accompliftied  their  periodic  revo- 
lutions. It  is  evident,  that  by  thefe  terreftrial  globes, 
turning  round  thole  mafles  of  fire,  he  meant  planets, 
fuch  as  ours,  fubordinate  to  their  own  l'un,  and  form- 
ing along  with  him  a folar  fyftem, 

6.  Anaximenes  agreed  with  Thales  in  this  opinion, 
which  parted  from  the  Ionic  to  the  Italic  fedt } who 
held,  that  every  ftar  was  a world,  containing  in  itfelf  a 
fun  and  planets,  all  fixed  in  that  immenfe  fpace,  which 
they  called  ether. 

r ~ 

7.  Heraclides,  and  all  the  Pythagoreans  taught  the 
fame,  that  every  ftar  was  a world,  or  folar  fyftem, 
having,  like  this  of  ours,  its  fun  and  planets,  inverted 

with 
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with  an  atmofphere  of  air,  and  moving  in  the  fluid 
ether,  by  which  they  were  fuftained.  This  opinion 
feems  to  have  been  of  ftill  more  ancient  origin.  We 
find  traces  of  it  in  the  verfes  of  Orpheus,  who  lived  in 
the  time  of  the  Trojan  War,  and  taught  that  there 
was  a plurality  of  worlds ; a dodirine  which  Epicurus 
alfo  looked  upon  as  very  probable, 

8.  Origen,  in  his  Philofophumena,  treats  amply  of 

the  opinion  of  Democritus,  faying,  “ That  he  taught, 
that  there  was  an  innumerable  multitude  of  worlds,  of 
unequal  fize,  and  differing  in  the  number  of  their 
planets ; thatfome  of  them  were  as  large  as  ours,  and 
placed  at  unequal  diftances  } that  fome  were  inhabited 
by  animals,  which  he  could  not  take  upon  him  to  de- 
fcribe : and  that  fome  had  neither  animals,  nor  plants, 
nor  any  thing  like  what  appeared  among  us.”  For; 
that  truly  philofophic  genius  difcerned,  that  the  diffe- 
rent nature  of  thofe  fpheres ' required  inhabitants  of 
very  different  kinds.  N 

9.  It  appears,  that  Ariftotle  alfo  held  this  opinion, 
as  did  like  wife  Alcinoiis,  the  Platonic,  and  Lewis 
Coelius  de  Rovigo,  afcribes  it  to  Plotinus ; who  held 
befides,  that  the  earth,  compared  to  the  reft  of  the  uni. 
verfe,  was  one  of  the  meaneft  globes  in  it. 

10.  It  was  certainly,  in  confequence  of  fuch  an  idea, 
that  Phavorinus  ftruck  out  into  that  remarkable  con- 
jecture of  his,  of  the  exiftence  of  other  planets,  befides* 
thofe  known  to  us.  « He  was  aftonifhed  how  it 
came  to  be  admitted  as  certain,  that  there  were  no 
other  wandering  ftars,  or  planets,  but  thofe  obferved 
by  the  Chaldeans.  As  for  his  part,  he  taught  that 
there  number  was  more  eonftderable  than  was  vulgar- 
ly given  out,  though  they  had  hitherto  efcaped  our 
notice.”  Here  in  all  likelihood  he  alludes  to  the  reali- 
ty of  thofe  fateliites,  which  have  fince  become  manifeft 
by  means  of  the  telefcope.  It  required  Angular  pene- 
tration to  be  capable  of  forming  this  fuppolition,  and 
of  having,  as  it  were  predi&ed  this  difcovery.  Seneca 
makes  mention  of  a fimilar  notion  of  Democritus^ 

who 
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a .treatlfe  which  he  wrote  concerning  the  pla- 
nets, of  which  only  the  title  has  been  handed  down  t# 
us,  fuppofe  that  there  were  many  more  of  them,  thail 
had  yet  come  within  our  view  i though  he  fays  nothing 
either  of  their  names,  or  magnitude. 


WUHtflM- 


Cofnets. 


l.rp  HERE  is  not  extravagance  of  fancy,  how  wild 
X foever,  but  what  hath  been  hazarded  in  diffe- 
rent ages,  to  account  for  the  nature  of  comets,  and  thfc 
irregularity  of  their  couffe. ' Even  in  the  'laft  ;age, 
Kepler  and  Hevelius  advanced  conjectures  eritirely  ex- 
travagant refpeCting  the'  Caufe  of  thefe  phenomena. 
Mr.  Caflini,  and  after  him  Sir  IfaaC  Newton,  have  at 
length  given  certainty  to  the  opinions  of  the  philofpT 
pliers  in  this  refpedt,  by  obferVations  and  calculations 
mod  juft  and  accurate  ; or,,  to  fpeakr  with  more  pro- 

Eriety,  by  recalling  and  fixing  our  attention  upon  What 
ad  formerly  been  advanced  by  the  Chaldeans,  Egyp- 
tians, Anaxagoras,  Democritus,’  Pythagoras  Hippo- 
crates of  Chois,  Seneca,  Apollonius  Myndius,  and  Ar- 
temidbrus.^For,  in  treating  of  the  nature  of  thefe  ftars, 
their  definitions  offhem,  thd  feafons  they  aflign  for 
the  rarenefs,  of  their  appearance*  and  the  apologies 
they  make  for  hot.  having  yret  formed  a more  exaCt 
theory,  are  all  in  the  very  terms  that  Seneca  had  al- 
ready lifed.  With  refpeCt  to  the  time  of  that  philofo- 
pher-,  we  have  formerly  taken  notice,  that  the  collecting 
together  the  obfervations  anciently  made  of  the  returns 
of  comets,  was  not  fufficient  to  eftablifn  the  theory  of 
them ; becaufe,  their  appearances  were  fo  very  rare, 
that  there  had  not  been  ah  opportunity  of  making  a 
proper  nhmber  of  obfervations,  to  determine  whether 
VoL.  IV.  T thnr 
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<tlieir  courfewas  regular  or  not ; but  that  the  Greeks, 
who  had  Come  time  before  obferved  this,  were  apply- 
ing themfelves  to  jefearches  of  this  kind. 

2.  Seneca,  in  the  fame  place,  acquaints  us,  that  tb# 
'Chaldeans  looked  upon  comets  as  planetary  - bodies ; 
and  Diodorus  Siculus,  in  his  hiftory,  giving  an  account 
. of  the  extent  of  knowledge  among  the  Egyptians, 

. praifes  them  for  the  application  with  which  they  Itudied 

, the  ftars  and  their  courfes : where  he  remarks,  that 
they  had  collected . obfervations  very  ancient  and 
very  exaft,  fully-informing  them  of  the  feverd  motions, 
. orbits,  and  ftations  of  the  planets ; adding  alfo,  that 
they  could  foretel  earthquakes,  inundations,  and  the 
- return  of  comets. 


■ 3.  Ariftotle,  in  laying  down  the  opinion  of  Anaxa- 
. goras  and  Democritus,  fays  of  the?  firft* that  he  appre- 
hended comets  to  be  an  afTemblage  of  many  wandering 
ftars;  which,  by  their  approximation,  and  the  mutual 

blending  of  their  rays,  rendered- themfelves  vinble  to 

us.  This  notion  was  far  from  being  philofpphical,  yet 
was  it  preferable  to  that  of  fame  great  moderns,  fuch 
as  Kepler  and*  Heveliusr  who  would  have  it,  that  they 
were  formed  out  of  air,  as  fifties  are  out  of  water.  Py- 
thagoras, who  approached  very  near  to  the  times  ot 
Anaxagoras,  taught,  according  to  Ariftotle’s  account, 
an  opinion  worthy  of  the  moft  enlightened  age;  tor 
he  looked  upon  comets  as  ftars,  which  circulated  re- 
gularly, though  elliptically  about  the  fun,  and  which 
Appeared  to  us  only  in  particular  parts  of  their  orbit, 
and  at  confvderable  diftances  of  time  ; and  the  error 
which  Ariftotle  falls  into,  in  endeavouring  to  explain 
Pythagoras’s  fentiment,  by  a comparison  referring  to 
die  planet  Mercury,  ought  not  to  be  imputed  to  the 
Pythagoric  fchool.  Ariftotle  relates  alfo  the  teftimo- 
mes  of  Hippocrates  of  Chois,  and  JEfchylus,  m confir- 
msution  of  this  opinion. 

4.  Stoboeus  prefents  us  with  Pythagoras’s  fentiment 
in  the  very  terms  of  Ariftotle,  though  fomewhat  more 
clearly  t for  he  fay.,  they  imagined  the  wmetMt^e 
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wandering  planets,  which'  appeared  only  at  certaht 
times  during  their  courfe. 

5.  Upon  the  whole,  Seneca,  more  than  any  otheiy 
hath  difcuffed  this  fubjedt  like  a true  philofopher.  Ijj 

- his  feventh  book  of  natural  queftions,  he  relates  all  the 
different  opinions  refpedting  comets,  arid  feems  to  pre- 
fer that  of  Artemidorus,  who  imagined,  “ that  there 
was  an  immenfe  number  of  them,  but  that  their  orbits 
were  fo  fituated,  that,  fo  far  from  being  always  within 
view,  they  could  only  be  feen  at  one  of  the  extremities.’* 
He  afterwards  reafons  upon  this  with  equal  elegance 
and  folidity.  “ Why  fliould  we  be  aftonifhed,  fays  he, 
that  comets,  which  are  fo  rare  a fpedacle  in  the  world, 
have  not  yet  come  under  certain  rules  ; or  that  we 
have  not  hitherto  been  able  to  determine,  where  begins 
Or  ends  the  courfe  of  planets,  as  ancient  as  the  uni- 
verfe,  and  whofe  returns  are  at  fuch  diftant  intervals  ? 
The  time  will  come,  cries  he,  that  pofterity  will  be 
amazed  at  our  ignorance  in  things  fo  very  evident ; for 
what  now  appears  to  us  obfcure,  will  one  day  or  other, 
in  the  courfe  of  ages,  and  through  the  induftry  of  our  - 
defcend^nts,  become  manifeftly  clear;  but  a fmall 
number  of  years,  paffed  between  ftudy  and  the  indul- 
gence of  paffion,  will  not  avail  for  refearches  fo  impor- 
tant, as  thofe  .which  propofe  to  themfelyes  the  com- 
preffion  of  natures  fo  remote.’* 

6.  Upon  a review  of  the  feveral  paffages  which  we 
have  juft  now  cited,  it  muft  now  be  admitted,  that  the 
moderns  have  faid  nothing  folid  with  regard  to 
comets,  but  what  is  to  be  found  in  the  writings  of  the 
ancients  ; except  what  later  obfervations  have  furnifhed 
them  with,  which  Seneca  judged  to  be  fo  neceffary,  and 
which  only  can  be  the  effe<3  of  a long  fucceflion  of 
ages. 
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CHAP. 


JOf  the  Refraction  of  Light , and  Jstronq * 
mical  Ref  raction  ; and  of  Perspective. 


l.rnp  HE  Arabians  applied  themfelves  with  mlich  a^ 
liduity  to  the  ftudy  of  the  fciences,  and  thdfl^ 
fuation  of  their  climate  led  them  to  prefer  aftronomy, 
which  they  cultivated  very  early.  There  are  a consi- 
derable quantity  of  their  writings  in  our  large  repon- 
fories  for  books,  which  have  never  jet  come  under  our 
iotice^  having  l|ill  remained  in  mattufbjrpt  in  their 
original  language : fo  great  has  beep  ;ofir  ttegledt  of 
them  for  foiixe  age£; : Yet  thofe  who  have  beep  at  the 
pains  curiouftf  to  fanfack  thofe  manufcripts,  have  been 
well  rewarded  fo?  their*  trouble,  by  the  acquifirfon  they 
have  thence  made  of  many  new  and  , original  ideas, 
and  the  information' ’-they  have  received  of  various  in-' 
vgfitibns  and  difcbf  er ies , ttfeful  and  eritehainii%^  A 
learned  gentleman  at  Oxford,*  who  carefully  examined 
the  Arabian  manufcripts  in  the  famous  library  of  that 
tiniverfity,  gives  ;his  function  to  this  in  a manner  that 
fhould  engage  othe&io  imitate  his  example  inwcliYiy 
feat-ches.  Among  o&er  riiotMs  paturafy  .retfdmg  W 

produce  this  effedt,  he^s^Th^  advanta^s  i^om- 
mending  the 'ftudy  of  aftronomy  to  the  people  of  the 
eaft  were  many.'  The  ferenity  of  their  weather  ; the 
Mrgenefs  and  corredtnefs  of  the  ififtruments  they  matte 
■ufe  of,  much  exceeding  what  the  moderns  would  be 
willing  to  believe  ; the  multitude  of  their  observations 
and  writings  being  fix  times  more  than  what  have  been 
compofed  by  Greeks  and  Latins;  and,  in  lhort,  the 
number  of  powerful  princes,  who,  in  a manner  be- 
coming their  own  magnificence,  aided  them  with  protec- 
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tion.  u One  letter  is  not  fufiicient,”  fays  he,  lt  t’tf* 
fliew  in  how  many  refpe&s  the  Arabian  aftronomers 
dete&ed  the  deficiency  of  Ptolomy,  and  the  pains  they* 
took  to  corre&  him ; how  carefully  they  meafured* 
time  by  water-blocks,  fand-glafles,  immenfe  folar; 
dials,  and  even  what  perhaps  will  furprife  you,  the  vi-‘ 
bratipns  of 'the  pendulum;  and  with  what  affiduity 
and' accuracy  they  conduced  themfelves  in  thofe  nice ' 
attempts,  which  do  fo  much  honour  to  human  genius 
in  the  taking  the  diftances  of  the  liars,  and  the  mea-: 
fure  of  the  earth.”  ' ‘ ' • 

\V  .!  < V*' 

2.  Hence  it  i$*manifeft  that  the  vibration  of  the  pen- * 
dulum  was-  employed  by  the  ancient  Arabians,  long 
before  the  epocha  we  ordinarily  affign  for  its  fir  ft  dif. 
co^ery ; and  the  ufe  it  was  applied  to,  was  exactly  to 
meafure  time,  the*  very  purpofe  for  which  we  employ* 


The  difcovery  of  the  •rcfra&ion  of  light,  is  of  ’ 
more  ancient  origin  than  is  generally  imagined  ^ for*' 
die  caufeof  it  appears  to  have  been  known  to  Ptolomy.*  . 
According  to  Roger  Bacon’s  account,  that  great  phi*' 
lofopher  and  geometrician  gave  the  fame  explanation" 
of  that  phenomenon,  which  Defcartes  has  done;finc£  ; 
for  he  fays,  44  that  a ray,  paffing  from  a more  rarO’ 
into  a more  denfe  medium,  becomes  more  perpendi-* 
cular.”  Ptolomy  wrote  a treatife  on  optics,;  which  was 
extant  in  Bacon’s  time ; and  Alhazen  feems  not  only 
to  have  known  that  treatife  of  Ptolomy,  but  to  have' 
drawn  thence  whatever  is  truly  eftimated  ill  what  he\ 
advances  about  the  refra&ion -of  light,  aftronomical 
refra&ion,  and  the  caufe/of  the  .extraordinary  fize  of 
planets  when  they  appear  on'  the  hdrizon.  This  laft* 
point,  difcufled  with  fo  much  warmth  between  Malle-' 
branche  and  Regis,  had  already  been  adjufted  by 
Ptolomy. 

4.  Ptolomy,  and  after  him  Alhazen;  faid,  that 
<*  when  a ray  of  light  paffes  from  a more  rare,  into  a 
more  denfe  medium,  it  changes  its  dir&ftion  when  it 
arrives  upon  the  furface  of  the  latter,  defcribing  a line 

which 
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which  mterfcdls  the  angle  made  by  that  of  its  firft  di*  . j 

redtion,  and  a perpendicular  falling  upon  it  from  the  t 
more  denfe  medium.”  Bacon  adds,  after  Ptolomy* 
that  “ the  angle  formed  by  the  coincidence  of  thofe 
two  lines,  is  not  always  equally  divided  by  the  re-  - 
fradted  ray ; becaufe  in  proportion  to  the  greater  or 
lefs  deniity  of  the  medium,  the  ray  is  more  or  lefs  re- 
fradted,  or  obliged  to  decline  from  its  firft  diredtion.” 

In  this  he  approaches  very  near  to  the  reafon  affigned  ^ 
by  Sir  Ifaac  Newton,  who  deducing  the  caufe  of  re- 
fradtion,  from  the  attradtion  made  upon  the  ray  of 
light  by  the  bodies  furrounding  it,  fays,  “that  medi- 
ums are  more  or  lefs  attradtive  in  proportion  to  their 
denfity.” 

' • # \ . * * j 

5.  Ptolomy,  acquainted  with  the  principle  of  the 
refradHon  of  light,  could  not  fail  to  conclude,  that 
this  was  the  caufe  alfo  of  what  was  called  aftronomic 
refradHon,  or  of  the  appearance  of  planets  upon  the 
horizon  before  they  came  there ; having  recburfe  there- 
fore to  this  principle,  he  accounted  for  thofe  appear- 
ances from  the  difference  there  was  between  the  medi- 
um of  air,  and  that  of  ether  which  lay  beyond  it ; fo 
that  the  rays  of  light  coming  from  the  planet,  and  en- 
tering into  the  denier  medium  of  our  atmofphere,  muft 
of  courfe  be  fo  attradied  as  to  change  their  diredHon*  ^ 
and  by  that  means  bring  the  ftar  to  our  view,  before 
it  really  came  upon  the  horizon.  Alhazen  tells  us  of 
a method  whereby  we  may  affure  ourfelves  ©f  this 
truth  by  obfervation.  “ He  bids  us  take  an  armillary 
fphere,  and  upon  it  meafure  the  diftance  of  any  ftar 
from  the  pole,  when  it  paffes  neareft  its  zenith  under 
the  meridian,  and  when  it  appears  on  the  horizon.” 

This  laft,”  he  fays,  “ will  be  its  fmalleft  diftance.” 

He  then  makes  it  appear,  that  refradHon  is  the  caufe 
ef  this  phenomenon.  Yet  Alhazen  advances  nothing 
but  what  he  derived  from  Ptolomy ; and  neither  one 
nor  other  of  them  have  applied  this  important  difco- 
▼ery  in  aftrefiomy,  fo  as  to  deduce  from  it,  that  the 
apparent  elevation  of  the  ftars,  when  near  the  horizon* 
neceffarily  requires  to  be  corredted.  ■* 

: G.  Roger 
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6.  Roger  Bacon,  enquiring  into  the  caufe  of  that' " 
difference  of  magnitude  in  ftars  when  feen  on  the  ho* 
rizon,  from  what  they  have  when  viewed  over  head* 
fays,  in  the  firft  place,  that  it  may  proceed  from  this, 

« That  the  rays  coming  from  the  ftar  are  made  to  di- 
verge from  each  other,  not  only  by  paffing  from  the 
rare  medium  of  ether  into  the  denfer  one  of  our  fur- 
rounding  air,  but  aifo  by  the  interpofition  of  clouds 
and  vapours  arifing  out  of  the  earth,  which  repeat  the 
refraftion  and  augment  the  difperfion  of  the  rays," 
whereby  the  object*  muft  needs  be  magnified  to  our-  . 
eye."  “ Though,  fays  he  afterwards,  there  has  beeir- 
afligned  by  Ptolemy  and  Alhazen  another  caufe  for 
this  ; thefe  authors  thought  that  the  reafon  of  a liar's 
appearing  larger  at  its  riling  or  fetting  than  when 
viewed  over  head,  arofe  from  this,  that  when  the  ftar 
is  over  head,  there  are  no  immediate  obje&s  perceived  * 
between  it  and  us,  fo  that  we  judged  it  nearer  to  us,  and 
are  not  furprifed  at  its  littlenefs  ; but  when  a ftar  is 
viewed  on  the  horizon,  it  lies  then  fo  low,  that  all  we 
can  fee  upon  earth,  interpofes  between  it  and  us,  which 
making  it  appear  at  a greater  diftance,  we  imagine  it 
larger  than  it  is.  For  the  fame  reafon  the  fiiti  antf ' 
moon,  when  appearing  upon  the  horizon,  feem  to  be  at" 
a greater  diftance  by  reafon  of  the  interpofition  of  thofe 
objects  which  are  upon  the  furface  of  our  earth,  than 
when  they  are  over  head  ; and  confequently  there  will 
arife  in  our  minds  an  idea  of  their  largenefs,  augment- 
ed by  that  of  their  diftance,  and  this  of  courfe  mull 
make  it  appear  larger  to  us  when  viewed  on  the  hori- 
zon, than  when  feen  in  the  zenith,'* 

..  7.  Moft  of  the  learned  deny  the  ancients  the  advan- 
tage of  having*  known  the  rules  of  perfpettive,  or  of 
having  put  them  in  pra&ice ; although  Vitruvius 
makes  mention  of*  the  principles  of  Democritus  and 
Anaxagoras  refpedling  that  fcience,  in  a manner  that} 
plainly  (hows  they  were  not  ignorant  of  them.  u Anax  - 
agoras and  Democritus,  fays  he,  were  inftrufted  by 
Agatarchus  the  difciple  of  JEfcylus.  They  both  of 
them  taught  the  rules  of  drawing,  fo  as  to  imitate  fron* 
any  point  o£  view  the  profpe£t  that  lay  in  fight,  by 
. " making 
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making  the  lines  in  their  draught,  iffuing  from  the 
point  of  view  there,  exactly  refemble  the  radiation  x>f 
thofe  }Q  nature  ; infomuch  that,  however  ignorant  .any 
•/  one  might  be  of  the  rules  whereby  this  was  performed, 

yet  they  could  not  but  know  at  fight  the  edifices,  and 
other  profpeds  which  offered  themfelves  in  the  perspec- 
tive fcenes  they  drew  for  the  decoration  of  the  theatre  ; 
where,  though  all  the  objects  were  reprefented  on  a 
plain  furface,  yet  they  fwelled  out,  or  retired  from  the 
light,  juft  as  objeCTs  do  endowed  with  all  dimenfions/' 

Again  he  fays,  u that  the  painter  Apatai ius.  drew  a 
fcene  for  the  theatre  at  Tralles,  which  was  wonderfully 
pleating  to  the  eye,  on  account  that  the  artift:Had^  fo 
well  managed  the  lights  and  lhades,  that  the  architec- 
ture appeared  in  reality  to  have  all  its  projections/' 

Plato,  in  two  or  three, places  of  his  dialogues,  fpeaks  / 
in  fuch  a manner  of  the  effeds  cf.perfpeCtive,  as  makes 
it  evident  that  he.  was  acquainted  with  its  principles* 

Pliny  lays,  “ that  P^imphilus,  who  was  an  excellent 
painter,  applied  himifelf  much  to  the  ftudy  of  geofrfe- 
try, 'and  maintained  that,  without  its  aid,  it  was  im- 
poifible  ever  to  arrive  at  .perfection  in  that  art which ' N 
holds  certainly  true  with,  refpeCt  to  perfpeCtive.  And  1 
a little  "farther  he  ufes  an  expreffion,  which  can  allude 
to  nothing  but  perfpeCtive  ; when  he  fays,  u thu£ 

" Apelles  fell  fhort  of  Afclepiodorus  in  the  art  of  laying 
down  diftances  in  his  paintings/'  Lucian,  in  Ills  dia- 
logue of  Zeuxis,  fpeaks  of  the  effects  of  perfpeCtive  in 
pictures.  Thilcftratus,  in  his  preface  to  his  drawings* 
or  hiitory  of  painting,  makes,  it  appear  that  he  knew 
this  fcience;  and  in  the  description  he  gives  of  Mence- 
tius's  picture  of  the  fiege  of  Thebes,  he  places  full  in 
light  the  happy  effects  of  perfpeCtive  when  ftudied  with 
u care.  There  he  extols  the  genius  of  this  painter,  who,' 

in  reprefenting  the  walls  of  the  place  inverted,  and 
fcaled  by  foldiers,  placed  fome  of  them  full  in  view, 
others  tp  be  ieen  oiily  as  far  as  the  knee*  others  only  at 
half  length,  and  others  whofe  heads  only,  ot'helmets, 
were  feen,  till  the  whole  ended  in  the  points  of  the 
fpears  of  thole  who  were  not  feen^t  all.;  and  he  adds, 
that  all  this  was  the  effect  of  perfpeCtive,  which  de«< 
curves  the  eye  by  means  of  the  flexure  of  its  fines, 

which 
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which  gradually  approaching  one  another  as  they  fee  n 
to  recede  from  view,  proportionally  diminifti  the  en- 
clofed  objedts,  and  make  them  appear  to  retire. 

8.  Ariftotle  was  the  firft  who  propofed  the  famous 
problem,  refpedting  the  roundnefs  of  that  image  of  tto* 
fun,  which  is  formed  by  his  rays  paffing  through  afmall 
_ pundture,  even  though  the  hole  itfelf  be  fquare  or  tri- 
angular. Marolle,  refolved  this  about  the  middle  of 
the  fifteenth  centuryTby  demonllrating  that  this  punc- 
ture ^ is  the  vertex  of  two  cones  of  light,  the  one  of 
which  has  the  fun  itfelf  for  its  bafe,  and  the  other  the 
refradted  image.  Upon  this  Mr.  de  Montucla  afcribes 
to  him  the  whole  honour  of  the  folution  of  this  optical 
problem,  formerly  indeed  propofed  by  ariftotle*.  but 
which  that  ancient  philofopher,  fays  he,  according  to  his 
wonted  way,  had  but  badly  accounted  for^  It  is  with 
regret  that  I find  my£elf  obliged  to  animadvert  upon 
fome  very  material  mirtakes,  into  which  Mr.  de  Mon- 
tucla has  flipt,  whole.  judgment  1 fo  much  rqvere  on 
other  occafions.  For  firft  of  all,  from  his  manner  of 
quoting  this  problem  of  Ariftotle,  it  appears  that  he 
neither  confulted  the  Greek  text*  nor  even  the  Latin 
verfion  that  accompanies  it : infomuch  that  I am  quite 
at  a lofs  to  conceive  where  he  came  by  this  problem  of 
Ariftotle,  asdie  produces  it ; and  ftiil  more,  where  h& 
met  with  this  obfcure  folution  of  it,  which  he  imputes 
to  that  ancient  phUofopher.  Ariftotle’s  only  inquiry 
is,  why  the  fun,  in  tranfmltting  his  beams  through  a ; 
fquare*  ptfndture,  does  not  form  a redlilineaU  figure  i 
And  Mr.  de  Montucla,  infteadof  this,  makes  him  fub- 
ftitute  quite  another  queftion,  refpedfing  the  fun  in  a* 
partial  eclipfe  : why  his  rays,  in  palling  through  fuch  a* 
pundture,  Ihould  produce  a figure  exadlly  refembling* 
that  part  of  his  diik*  which  remains  yet  unobfcured  b 
But  of  all  this  there  is  hot^pne  word  in  Ariftotle.  Mr.  , 
de  Montucla  afterwards  affirms,  that  this  queftion,  the  * 
proper  folution  of  which  had  till  then  been  difpaired  of 
by  naturaiifts,  reduced  them  all  to  the  neceffity  of  fay- 
fog  with  Ariftotle,  that  light  naturally  threw  itfelf  into' 
a round  form  or  aflumed  the  refemblance  of  the  lumi- 
nous body,  as  foon  as  ever  it  had  furmounted  the  obftaw 
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tie  which  put  it  under  conftraint.  Now  this  again  is 
what  Ariftotle  fays  nothing  at  all  of.  He  gives  two 
folutions  of  his  own  problem  : the  firft  of  which  is  cer- 
tainly the  foundation,  if  not  the  entire  fubftance,  of 
what  Mr,  de  Montucla  calls  the  difcovery  of  Marolle. 
To  enable  the  reader  to  decide,  whether  I have  wrong- 
ed Mr.  de  Montucla,  I prefent  him  with  a literal  tranf- 
lation  of  a paflage  of  Ariftotle’s,  containing  in  it  his 
firft  folution  of  this  problem.  H Why  is  it  that  the  fun, 
in  paffing  through  a fquare  pWoffrre,  forms  itfelf  into 
an  orbicular,  and  not  into  a redtrlineal  figure,  as  when 
it  fhines  through  a grate  ? 1 s it  not  becaufe  the  efflux 

of  its  rays,  through  the  pundhire,  converges  it  into  a 
cone  whofe  bafe  is  the  luminous  circle  ?”  This  may 
ferve  to  confirm,  what  I have  formerly  ventured  to 
affert,  that  we  but  feldom  do  juftice  enough  to  the  anci- 
ents, either  through  our  entire  neglect  of  them,  or  from 
not  rightly  underftanding  them. 

«.  : „ • / v.  . < < •*  ' J . 
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CHAP.  XIX. 

-■  •*  * * .#•*..  .. 

'V 

Of  the  many  Discoveries  of  the  Ancients  in 

Mathematics,  8$c . 

!.  \ Large  book  might  be  compofed,  were  we  but 
j[\.  curforily  to  mention  all  the  important  difcove- 
lies  in  geometry,  mathematics,  and  philofophy,  ior 
which  we  are  indebted  to  the  ancients.  Wherefore, 
not  to  fwell  this  volume  we  fhall  juft  point  at  the  prirw 
dpal  of  them,  without  infilling  at  length  ; becaufe  it  is 
generally  acknowledged  that  they  owe  their  origin  to 

thofe  philofophers  of  antiquity. 

" ^ ' '•».  - / * ^ • • 

-2.  All  the  learned  agree,  that  Thales  was  the  firft 
we  know  of,  who  predicted  eclipfes  ; pointed  out  the 
advantages  that  muft  arife  from  a due  obfervation  of 

?ghe  little  bear,  or  polar  ftar ; taught  that  the  earth 

was 
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was  rouud,  and  the  ecliptic  in  an  oblique  portion. 
He  did  no  lefs  fervice  to  geometry  than  aftronomy. 
He  inftrudted  in  that  fcience  the  Egyptians  themfelves, 
to  whom  he  went  to  be  taught.  He  (hewed  them  how 
to  meafure  the  pyramids  by  the  length  of  their  (hades, 
and  to  determine  the  meafure  of  inacceflible  heights  and 
diaftnces,  by  the  proportion  of  the  fides  of  a triangle. 
He  demonftrated  the  various  properties  of  the  circle  ; 
particularly  that  whereby  it  appears,  that  all  triangle*, 
which  have  the  diameter  for  their  bafe,thefubtending  an- 
gle of  which  touches  the  circumference,  are  in  thatpoint 
of  contaft  right-angled.  He  difcovered  refpedting  tha 
ifofceles  triangle,  that  the  angles  at  its  bafe  were  equal  5 
and  was  the  firft  who  found  out,  that  in  right  lines 
cutting  one  another,  the  oppofite  angles  are  equal.  In 
fhort,  he  taught  a great  many  other  valuable  truths,  too 
long  to  be  narrated.  We  owe  to  Anaximander,  the  - 
fucceflor  of  Thales,  the  invention  of  the  armillary  - 
fphere,  and  of  fun-dials ; he  was  likewife  the  firft  who 

drew  a geographical  map. 

; * ^ 

. ^ ♦ ■ , '/«  • + * ^ - 

: 3.  Pythagoras  has  already  afforded  to  us  many  al- 

liances of  his  profound  knowledge  in  all  the  fcienccs. 
There  are  few  philofophers,  even  among  the  ancients* 
who  had  fo  much  fagacity  and  depth  of  genius.  He 
was  the  firft  who  gave  fure  and  fundamental  precepts 
with  refpeft  to  mufic,  which  he  fixed  upon  by  a reach 
of  difcernment  that  was  extraordinary.  Struck  by  the 
difference  of  founds  which  iffued  from  the  hammers  of 
a forge,  but  came  into  unifon  at  the  fourth*  and  fifth* 
and  eight  pejcuflions ; he  concluded  that  this  muft  pro- 
ceed from  the  difference  of  weight  in  the  hammers  ; he 
had  them  weighed*  and  found  that  he  had  conjeftured 
right.  Upon  this  he  wound  up  fome  mufical  fixings,  in  * 
number  equal  to  the  hammers,  and  of  a length  propor- 
tioned to  their  weight ; and  found,  that  at  the  fame  in- 
tervals, they  correfponded  with  the  hammers  in  found. 

It  was  upon  the  fame  principle  that  he  devifed  the. 
monochord  ; an  inftrument  confiding  of  one  ftring,  yet 
capable  of  eafily  determining  the  various  relations  of 
found.  He  alfo  made  many  fine  difcoveries  in  geo- 
metry* among  others  that  property  of  a right-angled 

triangle, 
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triangle,  that  the  fquare;  of  the  hypothenufe,  or  fide 
fubtending  the  right1  angle,  is  equal  to  the  fquares  of 
tHe  two  other  fides.  And  he  gave  the  firft  fketch  of 
the  do&rine  of  ifoperimenters  in  demonftrating,  that 
of  all  plain  figures,  the  circle  is  the  largeft  ; and  of  all 
folids,  the  fphere,  ' \ 


4.  Plato  likewife  applied  himfelf  to  the  ftudy  of  ma- 


thematics ; and  we  owe  to  him  many  fine  difcoveries 
in  that  fcience.  He  it  was,  who  firft  introduced  the 


analytic  method,  or  that  geometric  analyfis,  which  en- 
ables us  to  find  the  truth  we  are  in  queft  of,  out  of  the 
propofition  itfelf  which  we  want  to  refolve,  He  it  was 
' who  at  length  folved  the  famous  problem,  refpeitirig 
the  duplication  of  the  cube,  on  account  of' which  fo 
much  honour  is  paid,  by  all  the  philofophers  of  his 
fchool,  to  Euxodus,  Archytus,  and  Menechmus.  "To 
him  alfo  is  afcribed  the  folution  of  the  problem  con- 
cerning the  trife&ibn  of  ah  angle  ; and  the  difcovery  of 
the  conic  fe&ions.  Pappus  hath  given  us  the  fummary 
of  a great  many  analytic  works.  In  the  preface  to  his 
feventh  book,  we  meet  with  this  principle  of  Guldinus, 
that  whatever  figure  arifes  from  the  circumvolution  of 
another,  is  produced  by  the  revolution  of  the  latter 
- about  its  centre  of  gravity. 


j; 


5.  Geometry  is  indebted  to  Hipparchus  for  the  firft 
elements  of  plain  and  fpherical  trigonometry  ; and  to 
Diophantesi  who  lived  360  years  before  Jefus  Chrift, 
we  owe  the  invention  of  algebra.  That  the  ancients 
laid  the  firft  foundation  of  algebra,  is  a thing  out  of 
doubt,  and  (hewn  by  the  celebrated  Wallis  in  his  hif- 
tory  of  that  fcience.  He  makes  no  queftion  but  al- 
gebra v^as  known  to  the  ancients,  and  that  they  thence 
drew  thole  long  and  difficult  demonftrations  which  we 
meet  with  in  their  works.  He  fupportshis  opinion  by 
the  teftimonies  of  Schoten,  Oughtred,  and  Barrow  ; 
and  makes  mention  of  a manufcript  in  the  Savilian  li- 
brary, which  treates  of  this  fcience  and  bears  the  name 
-of  Apollonius.  But  he  thinks  the  ancients  carefully 
concealed  a method,  which  furnifhed  them  with  fo 
HMnay  beautiful  and  difficult  demonftrations ; and  that 
\ ' - * „ they 
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'bey  chofe  rather  to  prove  their  propofitions  by  rfeafbrv 
ingsadabfurdum,  than  to  hazard  the  difcovery  of  that 
; method,  which' brough  them  moire  dire&ly  to  the  refill t 
of  what  they  demonftrated.  One  to  whom  algebra  is 
much  indebted,  Leibnits,  forms  the  fame  judgment. 
Speaking  of  the  higher  operations  of  it,  he  fays,  “ In 
perufing  the„'arithmetic  of  Diophantes,  and  the  geome- 
trical books  of  Apollonius  and  Pappus,  we  cannot 
doubt  but  the  ancients  had  fome  knowledge  of  it.  Vietus 
Extended  it  ftill  further,  in  expreiling  by  thofe  general 
f"  characters,  not  only  unknown  numbers  and  propor- 

tions, butfuch  as  are  known;  doing  that  by  figures, 
which  Euclid  does  by  reafoning.  And  Defcartes  hath 
extended  it  to  geometry,  in  marking  by  equations  the 
proportions  of  lines.  Yet,  even  iince  the  difcovery  of 
’ our  modern  algebra,  Mr.  Bouillaud,  whom  I was  ac- 
quainted with  at  Paris,  and  who  was  without  all  doubt 
an  excellent  geometrician,  never  could  reflect,  but  with 
aftouifliment,  on  the  demonftrations  of  Archimedes 
concerning  the  properties  of  the  fpiral  line,  and  could 
not  conceive  how  that  great  man  hit  upon  the  apply- 
ing the  tangent  of  that  line  to  the  commenfuration  of 
the  circulation  of  the  circle.”  Nunes  is  of  the  fame 
opinion  with  the  former  ; and  in  his  hiftory  of  algebra, 
regrets  that  the  ancients  concealed  from  us,  a method 
which  they  themfelves  ufed  ; and  fays,  that  we  are 
not  to  think  that  the  greater  part  of  the  propofitions 
of  Euclid  and  Archimedes,  were  founded  by  thofe 
great  men  in  that  way  of  reafoning,  in  which  they  have 
thought  proper  to  tranfmit  them  to  us.” 

6. -This  method  of  theirs,  which  refembled  our  al- 
/.  - ' gebra,  fometimes  however  difcovers  itfelf  in  their  re- 

K fearches.  We  meet  with  traces  of  it  fiilKcientiy  ftr orig- 

in the  thirteenth  book  of  Euclid  ; efpecially  if  we  make 
ufe  of  the  Greek  text,  or  the  old  Latin  tranflation. 
' And  although  Wallis  imagines,  that  they  may  belong 
to  l'ome  other  fcholiafts  ; yet  the  antiquity  of  the.  fcience 
itfelf  will  dill  be  the  fame.  Some  indeed  make  it  mount 
much  higher,  who,  led  by  the  authority  of  lbme  able 
mathematicians  among  the  ancients,  atfign  the  firil  in- 
i' ventioa  of  it  to  Piatb.  Whoever  defines  to  enter  into 
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. a more  exa<ft  examination  of  this,  will  find  in  Wallis-a 
guide  and  monitor,  whofe  authority  may  be  acquiei'ced 
. in,  he  having  fet  this  matter  in  the  cleareft  light,  as 
well  as  made  the  firft  and  nobleft  efforts  in  our  time, 
to  raife  algebra  to  the  ftate  of  perfe&ion  which  it  hath 
now  attained.  Now,  according  to  this  able  geometri- 
cian, the  method  of  inveftigating  infinite  feriefes  took 
its  rife  from  his  arithmetic  of  infinites,  publifhed  in 
J656  ; and  he  himfelf  acknowledges,  that  both  of  them 
are  founded  on  the  method  of  exhauftions  ufed  by  the 
ancients.  He  farther  fays,  that  the  method  of  indivifi- 
bles  introduced  by  Cavallieri,isnoother  than  an  abridge- 
ment of  that  of  exhauftions,  though  fomewhat  more 
obfcure.  He  obferves,  that  the  lines  and  furfaces, 
whofe  proportion  and  contents  are  inquired  into,  and 
afcertained  by  Cavallieri,  differ  in  nothing  from  the  in- 
fcribed  and  circumfcribed  ti  iangles,  whofe  approaches 
Archimedes  brought  fo  near,  that  the  difference  of  the 
' fpace  tnclofed  between  them,  and  that  which  they  ap- 
proached, and  about  which  they  were  drawn,  to  wit, 
the  contents  of  the  circle,  might  become  lefs  than  any 
aflignable  quantity  : and  this  he  proves  afterwards,  by 
an  analytic  expofitiou  of  both.  I may  however  re- 
mark, that  from  the  time  of  Diophantes,  algebra  made 
but  fmall  progrels,  till  that  of  Vietus,  who  reftored  and 
perfected  it,  and  was  the  firft  who  marked  the  known 
quantities  by  the  letters  of  the  alphabet. 


7.  Befides  the  difcoveries  made  in  aftronomy  by  the 
ancients,  which  we  Have  been  reading,  there  are  a great 
many  others,  which  I cannot  bring  into  view,  in  that 
•full  manner  they  deferve.  Yet  1 cannot  omit  men- 
tioning here  one  important  obfervation  of  Ariftarchus. 
He  was  the  firft  who  fuggefted  a method  of  meafuring 
the  diftance  of  the  fun  from  the  earth,  by  means  of 
the  half  fe&ion  of  the  moon’s  dilk,  or  that  phafis  of  it 
wherein  it  appears  to  us  when  it  is  in  its  quadratures. 


8.  Hipparchus  was  the  firft  who  calculated  tables 
of  the  motion  of  the  fun  and  moon,  and  compofed  a 
catalogue  of  the  fixed  liars.  He  was  alfo  the  firft, 
who,  from  the  obfervation  of  eclipfes,  determined  the 

longitude. 
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longitude  of  places  upon  earth  ; but  what  above  afl 
does  immortal  honour  to  his  genius  is,  that  he  laid  the  ' 
firft  foundations  for  the  difcovery  of  the  preceffion  of 
the  equinoxes.  Mr.  Bay le  reprehends  Rohault  as  lying 
under  a miftake,  when  he  fays  that  “ Hipparchus 
knew  nothing  of  the  peculiar  motion  of  the  fixed  ftars 
from  weft  to  eaft,  which  is  the  caufe  of  their  varying 
the  longitude.”  Yea,  and  Timceus  Locrenfis,  who. 
lived  before  Plato,  taught  this  very  aftronomical  truth 
in  clear  terms. 

L 
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CHAP.  XX. 

Of  Archimedes  ; of  the  Mechanics  and  Ar* 
chitecture  of  the  Ancients  ; and  of  Micro* 
scopes . Of  Sculpture , Painting , and  the 

Origin  of  Music . 

1.  A RCHIMEDES  alone  would  afford  fufficient 
j[jl  matter  for  a volume,  in  giving  a detail  of  the 
marvellous  difeoveries  of  a genius  fo  profound,  and 
fertile  in  invention.  We  have  feen,  that  fome  of  his 
difeoveries  appeared  fo  much  above  the  reach  of  men, 
that  many  of  the  learned  of  our  days  found  it  more 
eafy  to  call  them  in  doubt,  than  even  to  imagine  the 
means,  whereby  he  had  acquired  them.  We  are  again 
oing  to  produce  proofs  of  the  fecundity  of  genius 
eloflging  to  this  celebrated  man.  Leibnits  did  juftice 
to  the  genius  of  Archimedes,  when  he  faid,  that  if  we 
were  better  acquainted  with  the  admirable  productions 
©f  that  great  man,  we  would  throw  away  much  lefs  of 
©ur  applaufe  on  the  difeoveries  of  eminent  moderns. 

2.  Wallis  calls  him  a man  of  admirable  fagacity, 
who  laid  the  foundation  of  almoft  all  thofe  inventions* 
which  our  age  glories  in  having  brought  to  perfection. 

In 
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In  reality,  what  a glorious  light  hath  been  diffufed  over 
the  mathematics,  in  his  attempt  to  fquare  the  circle, 
and  in  difcovering  the  fquare  of  the  parabola,  die  pro- 
perties of  fpiral  lines,  the  proportion  of  the  fphere  to 
the  cylinder,  and  the  true  principles  of  ftatics  and  hy- 
droftatics  ? „ What  a proof  of  his  f igacity  did  he  give 
in  difcovering  the  quantity  of  filver,  that  was  mixed 
with  the  gold,  in  the  crown  of  King  Hiero  ; whilft  he 
reafoned  upon  that  principle,  that  all  bodies  immerged 
in  water  lofe  juft  fo  much  of  their  weight,  as  a quan- 
tity  of  water  equal  to  them  in  bulk  weighs  ? Hence 
he  drew  this  confcquence,  that  gold  being  more  com- 
pact muft  lofe  lefs  of  its  weight,  and  fiber  more  ; and 
that  a mingled  niafs  oi  both  muft  lofe,  in  proportion 
to  the  quantities  mingled.  Weighing  therefore  the 
crown  in  water  and  in  air,  an,d  t^ormaffes,  the  one  of 


fold,  the  other  of  fiber,  equal  itijweight  to  the  crown  i 
c thence  determined  what  each  left  of  their  weight, 
and  io  lelblved  the  problem.  .He  likew’ife  invented^* 
peipetual  lerew  , valuable  on  account  of  its  being  capa- 
ble to  overcome , any  re fi fiance  ; and  the  ferew,  that 
ft  ill  goes  by  his  name,  ufed  in  elevating  of  w^ater.  He 
ofhimfelf  alone  defended  the  city  of  SytaCufe,  by  op- 
pcling  to  the  efforts  of  a Roman  general,  the  refources 
he  found  in  his  ow  n genius.  By  means  of  many  vari- 
ous warlike  machines,  all  of  his  own  conftnnftion,  he 
rendered  Syracufe  inacceilible  to  the  enemy.  Some* 
times  he  hurled  upon  their  land  forces  ftones  of  fuch 
an  enormous  fize,  as  cruihed  whole  bodies  of  them  at 
once,  and  put  the  whole  army  into  confufion.  And 
when  they  retired  from  the  w’alls,  he  ftill  found  means 
to  annoy  them  ; for  with  his  baliftae,  he  overwhelmed 
them  wTith  arrows  innumerable,  and  beams  of  a pro- 
digious weight.  If'  their  veffels  approached  the  fort, 
he  feized  them  by  the  prows  wTith  grapples  of  iron, 
which  he  let  down  upon  them  from  the  walls  ; and 
rearing  them  up.  in  theiair,  to  the  great  aftonilhment 
ef  every  one,  fhook  them  with  fuch  violence,  as  either 
to  break  them  in  pieces,  or  link  them  to  the  bottom. 


3.  The  fuperior  knowledge  he  had  in  fciences,  and 
his  confidence  in  the  powers  of  mechanifm,  prompted 
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him  once  to  fay  to  King  Hiero?  who  was  his  patron, 
admirer,  and  friend,*  “ Give , me  where  to  Hand,  and.I 
move  the  earth.”  And  vyhen  the  king,  amazed  at 
what  he  faid?  feemed  to  be  .in  hesitation,  he  gaye  him 
a linking  proof  of  his  fkill,  in  launching,  fingly  by 
himfelf,  a fiiip  of  a prodigious  weight.  He  built 
ljkewile  for  the  king  an  immenfe  gallery,  of  twenty 
banks  of  oars*  containing  fpacious  apartments,  gar- 
dens, walks,  ponds,  and  all  other  conveniences  fuita- 
bie  to  the  dignity  of  a great  king.  He  conftrufied 
alfo  a fphere  reprefenting  all  the  motions  of  the  fHrs,. 
which  Cicero  efteemed  one  of  the  inventions,  that  did 
the  higheft  honour  to  human  genius.  He  perfected 
manner  of  augmenting  the  mechanic  powers,  by 
the  multijllic^tion  qf  wheels  and  pullies  ; and,  inlhort, 
carried  mechanics  lb  far,  that  the  works  he  produced 
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4.  Nor  was  Archimedes  the  only  one,  who  fucceeded 
in  "mechanics.  The  immenfe  machines,  andofafto- 
nilhing  force,  as  were  thofe  which  the  ancients  adapted 
to  the  purpofe  of  war,  are  a proof,  .they  came  nothing 
behind  us  in  this  refpedl.  It  is  with  difficulty  we  can 
conceive,  how  they  reared  thofe  bulky  towers,  a hun- 
dred and  fifty-two  feet  in  height,  and  fixty  in  compafs^. 
afcending  by  many  ftories,  having  at  bottom  a batter! 
ing  ram,  a machine  of  firength  fufiicientto  beat  down, 
w^tlls;  in  the  middle  a draw-bridge,  to  be  letdown 
upon  the  wall  of  the  city  attacked,  in  order  to  open  a 
.paffage  into  the* town  for  the  affailants  and  at  the  top, 
a body  of  men,  who,  being  placed  above  the  befieged, 
haralfed  them  without  running  any  rifle.  An  ancient 
hiftorian  has  tranfmitted  to  us  an  adtion  of  an  engineer 
at  Alexandria,  which  deferves  to  have  a place  here. 
In  defending  that  city,  when  it  was  attacked  by  Julius 
Caefar,  he,  by  means  of  wheels  and  other  machines, 
drew  from  the  fea  a prodigious  quantity  of  water, 
which  he  turned  upon  the  adverfary,  to  their  extreme 
annoyance.  Indeed  the  art  of  war  gave  occafion  for  a 
great  number  of  inftances  of  this  kind,  which  cannot 
but  excite  in  us  the  higheft  idea  of  the  enterprizing 
genius  of  the  ancients,  and  the  vigour  wherewith  they 
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put  their  defigns  in  execution.'  The  invention  of  pumps 
by  Ctefibius,  and  that  of  water-clocks,  cranes,  automa- 
tical figures,  and  wind-machines  by  Heron,  and  the 
other  difcoveries  of  the  Grecian  geometricians,  are  fO 
Very  numerous,  that  it  would  exceed  the  limits  of  a 
chapter,  even  to  mention  them.r 

5.  Should  we  pafs  to  other  confideratrons,  we  fhoul3 
find  equally  iricoriteftable  evidences  of  greatnefs  ofL 
genius  among  the  ancients,  in  the  difficult  and  indeed 
aftonifhmg  experiments,  in  which  they  fo  fuccefsfully 
engaged.  Egypt  and  Paleftine  ftiil  prefent  us  with 
proofs  of  this,  the  one  in  its  pyramids,  the  other  in  the 
ruins  of  Palmyra  and  Balbec.  * Italy  re  filled  with 
monuments,  and  the  ruins  of  monuments,  which  aid  u& 
in  comprehending  the  former  magi. licence  of  that  peo- 
ple. And  ancient  Rome  even  now  attrads  much-more 
of  our  admiration,  than  the  modern. 

6.  The  greateft  cities  of  Europe  give  but  a fairfth 
Idea  of_that  grandeur,  which  all  hiftorians  unanimoufty 
afcribe  to  the  faihous  city  of  Babylon  * which,  being 
fifteen  leagues  in  circumference,  was  encompafled  with 
walls  two  hundred  feet  in  height,  and  fifty  m breadth  * 
whofe  fldes  were  adorned  with  gardens  of  a prodigious 
extent,  which  arofe  in  terrafles  one  above  another,  to 
the  very  fummit  of  the  walls^  And  for  the  watering 
of  thofe  gardens,  they  had  contrived  machines,  which 
raifed  the  water  of  the  Euphrates  to  the  very  highefl 
of  thefe  terraffes ; a height  equalling  that,  to  which 
the  water  is  carried  by  the  machine  at  Marly.  The 
tower  at  Belns,  arifing  out  of  the  middle  of  a temple, 
was  of  fo  vaft  a height,  that  fome  ancient  authors  have 
not  ventured  to  affign  the  meafure  of  it ; others  put  i$ 
at  a thoufand  paces. 

7.  Ecbatane,  the  capital  of  Media,  was  of  immenfe 
magnificence,  being  eight  leagues  in  circumference, 

* It  is  proper  to  remark,  that  the  temples  and  immense  pa- 
laces of  Palmyra,  whose  magnificence  surpasses  all  other  build- 
ings in  the  world,  appear  to  have  been  built  at  the  time,  when 
architecture  was  in  its  decline. 
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and  furrounded  with  feven  walls  in  farm  of  an  amphi- 
theatre ; the  battlements  of  which  were  of  various  co- 
lours, white,  black,  fcarlet,  blue,  and  orange  5 but  all 
of  them  covered  with  filver  or  with  gold.  Perfepolis 
was  alfo  a city,  which  all  hiftorians  fpeak  of  as  one  of 
the  moft  ancient  and  noble  of  Alia.  There  remain 
the  ruins  of  one  of  its  palaces,  which  meafured  fixhun~ 
dred  paces  in  front,  and  ftill  difplays  the  relics  of  its 
ancient  grandeur*  r . 

8.  The  lake  Mocris  is  likewife  a firming  proof  of 
the  vaft  undertakings  of  the  ancients*  AH  hiftorians 
agree  in  giving  it  above  a hundred  and  fifty  leagues  in 
circuit  s yet  was  it  entirely  the  work  of  one  Egyptian 
king,  who  caufed  that  immenle  compafs  of  ground  to 
be  hollowed,  to  receive  the  waters  of  the  Nile,  when  it 
overflowed  more  than  ordinary,  and  to  ferve  as  a refer- 
voir  for  watering  Egypt  by  means  of  its  canals,  when 
the  overflowing  of  the  river  was  not  of  height  fufficient 
to  enrich  the  country.  Out  of  the  midft  of  this  lake 
arofe  two  pyramids,  of  about  fix  hundred  feet  in 
height. 

9.  The  other  pyramids  of  Egypt,  in  their  largenefe 
and  folidity,  fo  far  furpafs  whatever  we  know  of  edifices, 
that  we  fhould  be  ready  to  doubt  of  the  reality  of 
their  having  ever  exifted,  did  they  not  ftill  iubfift  to 
this  day.  Mr.  De  Chezele,  of  the  academy  of  fciences, 
who  travelled . into  Egypt  in  the  laft  century*  to  mea- 
fure  them,  affigns  to  one  of  the  tides  of  the  bafe  of  tho 
higheft  pyramid,  a length  of  fix  hundered  and  fixty 
feet,  which  reduced  to  its  perpendicular  altitude,  makes 
four  hundred  and  fixty-iix  feet.  The  free-ftones,  of 
which  it  is  compofed,  are  each  of  them  thirty  feet 
long  ; fo  that  we  cannot  imagine,  how  the  Egyptians 
found  means,  to  rear  fuch  heavy  mafl'es  to  fo  prodigi- 
ous a height.  The  Coloflus  of  Rhodes  was  another  of 
the  marvellous  productions  of  the  ancients.  To  give 
an  idea  of  its  exceflive  bignefs,  it  need  only  be  obferved, 
that  the  fingers  of  it  w’ere  as  large  as  ftatues,  and  very 
few  were  able  with  out-ftretched  arms  to  encompafs 
the  thumb.  Pliny  and  Diodorus  Siculus  relate,  that 
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Semiranfis.m a.de  the  mountain  Bag  i ft  an,  between  Baby- 
knand  Iif£eclia,.be  cx\i  out  into  a ftatue  ofberfelf,  which, 
was  feventeen  ftadia  high  ; that  is,  near  two  miles  $ 
and  around  it  were  a hundred  other  Tlatues,  of  pro- 
portionable fize,  though  lefs  large.  And<  Plutarch. 
ipeak^  of  a very  great  undertaking,  . which  one  Stefi-f^ 

^rgtes  prapofed  to  Alexander ; viz.  to, make  a ftatue  of 
him  out  of  mount  Athos,  which  would  *have  been  a" 
hundred  and  fifty  miles  in  circumference,  and  about 
ten  in. height. : His  de/jgnwas  to  make  .him -hold  in 
his  left  hand  a city,  large  enough  to  coittaih  ten  thou^  - 
fand  inhabitants;  and  in  the  other  an  urn,  out  or- 
^hich  fhould  flow  a river,  poured  by  him  into  the  lea; 

£>ee  alfo  the  fame  Plutarch,  vol.  1.  p.  705.  But  Ni- 
truvius  gives  to  this  ftatuary  the  name  q£  Pinocrdtes. 

10.  In  fhort,  what  fhall  we  fay  of  the  other  ftruc- 
|ures  of  the  .ancients,  which  ftill  remain,  to  be  fpoken 
of?  Of  their  .cement,  which  in  hardnefs  equalled  e-Vcn 
marble  itfelf ; .of  of  their  highways,  feme 

of  which  were  paved  with  large  blocks  of  black  mar- 
ble ; and  of  their  bridges,  fome  of  which  ftill  fubfifti 
irrefragable  monuments  of  the  greatnefs  of  their  con- 
cegtions*^.^  three  leagues  from 

ibiunes,  is  one  of  them.  It  Teives  at  once  as  a bridge 
and  an  aqueduft.  It  goes  acrofs  the  fiver  Garden  j 
and  joins  together  the  two  mountains,  between  which 
it  is  enclofed/  :Itipmprehends  three  ftbries  ; the  third. 

Js  the  aquedufl,  which  conveys  the  w aters  of  the  Eure 
into  a great  refer vpir,  which  fupplies  the  amphitheatre 
and. city  of  NimesfT ^The - bridge  of  Alcantara,  upon 
ithe  Tagus,  is  ftiU  a wofi  fit  to  raife  in  tys  a great  idea  , 
of  the  Roman . magnificence  : it  is  fix  hundred  and  ^ 

Seventy  feet  long,  and  contains  fix  archer  each  of 
which  meafufes  above  a hundred  feet  from  one  pier  to 
the  other  ; and  its  height  from  the  furface  of  the  water 
js  two ‘hundred  feet.  The  broken  remains  of  Trajan’s 
bridge  over  the  Danube  are  ftill  to  be  feen  y which  had 
iwgnty  piejs  of  fiee-ftone,  fome  of  which  are  ftill  ftaftd- 
ing,  a hundred  and  fifty  feet  high,  fixty  in  circumfe- 
rence, andf  .diftant  one  from  another  a hundred  and 
feventy. ' I ihculd  never  end,  were  I to  enumerate  all 
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tjie  admirable  monuments  left  us  by  the  ancients  : tH& 
flight  (ketch  here  given  of  them  will  more  than  fufirce, 
to  anfwer  my~  purpofb.  As  to  the  of naments  and  coni 
veniences  of  their  buildings;;  among  many  I (hall  men^ 
lion  but  on£y  that  of  their  ufing  glafs  in  their  windows/ 
and  in  the  lrlfide  of  thefr- apartments/ juft  in  tKfc  fame 
manner  as  v?e  dd.  Seneca  and  Pliny  inform  us,  that 
they"  decorated  their  rooms  with jgla{fes ;;  arid  cfe  not* 
we  thef  fame,  in  the  ufe  of  mirrors  and  pibf-glafles  f 
But  what  will  now  lhoqk  the  general  prejudice  is/ that? 
they  ftould  know  howto  glaze  their  windows,  fo  as  td' 
enjoy  the  benefit  of  light,  without  being  injured hy  the1 
dirf  y^t  this  they  did  very  early.  Before  they  difi 
cbvereu  this  *mani]fer '-of  applying  glafs,  which  is  fo  de- 
lightful and  fd  commodious,  rich  made  pfe  of  tranf- 
parent  (lories  in  their  Windows,  (uch  as  the  stgatej  the? 
alabafter,  the  phengites,'  the  talcum?  &c.:  wfcflft  the' 
poor  faere  Under  the  neceffity  of  being  expbfed'to  alt 
the  feverities  of  wind  and  weather.  ; 

.'4  Kt  " ? '•*  f i . : ' f:  ' j 

11.  If  we  admire  the  ancients  in  thdfe  monuments* 
which  remain  t6  us,  of  the  greatnefs  of  their  under* 
takings,  we  Avail  have  no  lefb  reafon  for  wonder^ln  eoni 
temdkting  the  dext^fity  and  (kill : bf*'fhei?’'  'artifts-if? 
wdAs  of  a (fuite  different  ‘ kind.  Their  works  in  mi- 
niature are  well  deferving  of  notice.  Archytas,  who 
was  contemporary  with  Plato,  is  famous  in  antiquity* 
for  the  artful  ftru&ure  of  his  wooden  pigeon,  which' 
imitated  the  flight  and  motions  of  a living  one.  Cicero/ 
according*  to  Pliny’s  report/faw  the  whole  Iliad  of 
Hoirfer  written  ifrio  fine  a*  char after,  that  it  could  be 
contained  in  a nUt-fhell.  : And  Ehan  (peaks  of  one* 
Myrmefides,  a Milefian,  and  of  Callicrates*  a Laeede-  ' 
monian  ^ the  firftjof  Whom  made  anrivriry  charirrf,  fo* 
fmall  and  fo  delicately  framed,  that  a fly  with ' it*' 
wing  could  cover  it;  and  a little  ivory  (hip  of  the 
fame  dimermoris  : the  fecotfd  formed  ants  ‘and  other 
little  animals  out  -of  ivory,?  which  were  fo-  extremeljr 
finally  that  their  component  parts  were  fcarcely  to  be1 
diftinguiflied.  He  fays  alfl>  in  the  fame  plkce,  that* 
one  of  thdfe  artifts  wrote  a diftich  in  gdl-den  letted/ 
which  he  enelofed  in  the  rind  of  a grain  of  col’ll.  ?-■■ 
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12.  It  is  natural  here  to  inquire,  whether  in  fuch 
undertakings  as  our  beft  artifts  cannot  accomplifh, 
without  the  afliftance  of  microfcopes,  the  ancients  had 
not  any  fuch  aid ; and  the  refult  of  this  refearch  will 
be,  that  they  had  feveral  ways  of  helping  the  fight,  of 
ftrengthening  it,  and  of  magnifying  fmall  objeds. 

I - Jamblichus  fays  of  Pythagoras,  that  he  applied  him- 

felf  to  find  out  inftruments  as  efficacious  to  aid  the 
- hearing,  as  a rule,  or  fquare,  or  even  optic  glaffes, 
were  to  the  fight.  Plutarch  fpeaks  of  mathematical 
inftruments,  which  Archimedes  made  ufe  of,  to 
tnanifeft  to  the  eye  the  largenefs  of  the  fun ; which 
may  be  meant  of  telefcopes.  Aulus  Gelli us,  having 
fpoken  of  mirrors,  that  multiplied  objeds,  makes  men- 
tion of  thofe  which  inverted  them  ; and  thefe  of  courfe 
muft  be  concave  or  .convex  glaffes.  Pliny  fays,  that  in 
his  time  artificers  made  ufe  of  .emeralds  to  affift  their 
fight,  in  works  that  required  a nice  eye  ; and,  to  pre- 
vent us  from  thinking  that  it  was  on  account  of  it’s 
green  jcolour  only  that  they  had  recourfe  to  it,  he  adds,  ' . 
that  they  were  made  concave,  the  better  to  colled  the 
vifual  raysi  and  that  Nero  made  ufe  of  them  in  view- 
ing the  combats  of  the  gladiators.  In  fhort,  Seneca  is 
very  full  and  clear  upon  this  head,  when  he  fays,  that 
the  fmalleft  charaders  in  writing,  even  fuch  as  almoft 
entirely  efcape  the  naked  eye,  may  eafily  be  brought 
to  view,  by  means  of  a little  glafs-ball  filled  with  water, 
which  had  all  the  effed  of  a microfcope,  in  rendering 
them  large  and  clear : and  indeed  this  was  the  very 
fort  of  microfcope,  -that  Mr.  Gray  made  ufe  of  in  his 
obfervations.  To  all  this  add  the  buming-glaffes  made 
mention  of  before,  which  were  in  reality  magnifying 
glaffes  : nor  could  this  property  of  them  remain  unob- 
served. . 

13.  It  would  be  a needlefs  talk,  to  undertake  to 
fhew,  that  the  ancients  have  the  pre-eminence  over  the 
moderns  in  architedure,  engraving,  fculpture,  medi- 
cine,  poetry,  eloquence,  and  hiftory.  The  moderns 
themfelves  will  not  conteft  this  with  them : on  the 
contrary,  the  height  of  their  ambition  is,  to  imitate 
them  in  thofe  branches  of  fcience.  And  indeed  what 
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poets  have  we  to  produce,  fit  to  be  compared  with 
.Homer,  Horace,  and  Virgil  ; what  orators  equal  to 
Demofthenes  and  Cicero  ; what  hiftorians  to  match 
Thucidides,  Xenophon,  Tacitus,  and  Titus  Livius; 
what  phyficians,  fiich  as  Hippocrates  and  Galen ; what 
fculptors  like  Phidias,  Polydletus,  and  Praxiteles ; what 
archite&s  to  rear  edifices  fimilar  to  thofe,  whofe  very 
nfins  are  ftill  the  objeft  of  our  admiration  ? Till  we 
have  thofe,  whom  we  can  place  in  competition  with  the 
ancients  in  thefe  refpefts,  it  will  become  onr  modefty 
to  yield  to  them  the  fuperiorityv 

14.  *Tis  worth  notice,  that  the  merit  of  the  ancients 
is  generally  mod  controverted  by  thofe,  who  are  leaft 
acquainted  with  them.  There  we  very  few  of  thofe, 
who  rail  at  antiquity,  qualified  to  relifti  the  original 
beauties  of  the  Iliad,  iEneid,  and  other  immortal  per* 
formances  of  the  authors  juft  enumerated.  There  are 
fewer  ftill,  who  are  capable  at  one  view  to  take  in  all 
that  variety  of  fcience,  which  hath  been  laid  before  the 
v reader,  and  which  comprehends  m it  almoft  the  whole 
circle  of  our  knowledge.  Of  the  remaining  admira- 
ble  monuments,  which  (hew  to  what  perfection  the 
ancients  carried  the  arts  of  fculpture  and  defign,  how 
few  have  taken  any  due  notice ; and  of  thofe,  how 
very  few  have  been  able  to  judge  of  their  real  value  ? 

True  it  is,  that  time  and  the  hands  of  barbarians  have 
deftroyed  the  better  part  of  them  ; yet  ftill  enough  is 
left  to  prove  the  excellence  of  what  hath  perifhed,  and 
tojuftify  encomiums  beftowed  on  them  by  hiftorians. 

The  group  of  figures  in  the  Niobe  of  Praxiteles,*  and  . 
the  famous  ftatue  of  Lacoon,f  ftill  to  be  feen  at  Rome, 
are  and  ever  will  be  models  of  beauty  and  true  fub- 
lime  in  fculpture  ; where  much  more  is  to  be  admired, 
than  comes  within  the  comprehenfion  of  the  eye.  The 

* Some  ascribe  this  piece  to  Scopas,  the  contemporary  of  Phi- 
dia,  and  who  reached  the  times  of  Praxiteles.  It  is  still  in  be- 
ing, and  to  be  seen  at  Rome. 

f The  joint  labour  of  Agesander,  Polydorus,  and  Athenodorus 
#f  Rhodes,  who,  according  to  Maffeus,  lived  all  of  them  about 
the  eighty-eighth  Olympiad ; it  is  in  the  Belvidere  at  Rome. 
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Venus  de  medicis,*  the  Hercules  (lifting  Anat!cus,f 
that  other  Hercules,  who  refts  upon  Bis  chib, iff' tM 
dying  Gladiator, |[  and  that  bther  in  the  vineyard  of 
Borghefe,$  the  Apollo  of  the  Belvidere,^[  the  maimed 
Hercules  of  the  fame  place,  and  the  Equerry  in  the 
action  of  breaking  ja  horfe  on  mbdrit  Quirinal,^*  arf 
all  of  them  monuiiients,  which  loudly  proclaim  the 
juft  prefeftfions'  of  the  ancients  to  a fuperiority  in 
thoie  arts.  Thefe  pretetYfions  are  ftfll-furtfrefr  fupported 
by  their  remaining  medals,  the  precious  ftort^s  of  their 
engraving,  and  their  cameos.  ' There  is  ftiH’to  befeen 
a filver  medal  of  Alexander  the  Great,  on  the  reveffe 
of  which  there  is  Jupiter  fitting  on  his  throne,  finifhed 
with  the  fineft  ftrokes  of  art ; not  a feature,  even  the 
fmalleft,  but  feems  to  declare  his  divinity.  The  (tones 
engraved  by  Pyrgbteles,  who  hftcf  an  exftlufive  priv$. 
lege  of  engraving  Alexander’s  head j as  Eyfippus  had 
of  making  his  ftatue,  -and  Apelles  of  painting  him  5 
tht>fe  of  Diofcorides,  who  engraved  the  heads  bn  $ie 
feals  of  AugpftuS  5 the  Celebrated  Meduftr,  Diomedes*, 
Cupid*  and  other  performances  of  Solon  ; in  fhort,  all 
the  other  eminent  pieces  of  feulpture  and  engraving,  lb 
carefully  fought  after  by  the  curious,  and  with  fo  much 
reafon  admired  by  connoiffeurs,  render  it  needlefs  for 

. • • V - - -V.  • ■ ■ ; " i 

. * The  workmanship  of  Cleomenes,  the  Athenian*,  Still  to  be 
seen  in  the  Farnesian  palace  at  Florence.  4 i*  *■ 

f Ascribed  to.  Polycletus,  who  made  the  Colosslal  statues  Of 
Junb  in  gold  and  ivory  at  Argos,  which  no  longer  exist. 

t Tfi$  Work  of  Glycon,  still  remaining  in  the  Farnesian  palace 
at  Florence.  : , 

SI . I^ne  by  Ctesilas,<Or  Ctesias,  in  the  gallery  of  the  Capitol. 

§ By  Agathias  of  Fphesuaw  t . 

1l  by  the  sam^;  The  two1  last  were  at  Antium,  now  Netturid. 
**  Ascribed  by  some  to  Phidias,  by  others  to , Praxiteles. 
Those,  who  assign  it  to  the  latter,^  imagine  it  to  be  that  of  Alex- 
ander breaking  Bucephalus. , But  if  it  Was  done. by  the  foritier,  it 
riiust  be  another  subject,  that  sculptor  having  flourished  about  a 
century  before.  It  is  thought,  that  nothing  of  this  is  now  re- 
maining., His  Olympian  Jupiter  was’ an' object  of  adnuration 
for  many  ages,  and  continued  sjiU  at  Constantinople,  in  the  be- 
ginning of  the  thirteenth  centriry  -r  together  with  the  beautiful 
Cnidan  Venus,  .. the  handy  workyof  Praxiteles,  and  the  statue  of 
Opportunity,  by  Lysippus.  It  is  probable,  these  fine  remains 
were  destroyed  at  the  taking  of  the  city  by  Baldwin. 
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me  to  enlarge  on  the  praifes  of  artifts  fufficiently  re- 
nowned, by  being  the  authors  of  works  fo  lafting  and 
fo  precious. 

15.  As  to  painting  fo  few,  and  fo  fcanty  are  the  re- 
liques,  and  i'o  much  more  injured  by  time,  than  the 
ftatues  and  other  remains  of  fculpture  in  bronze  and 
marble,  that  to  form  a proper  judgment  of  the  merit 
of  the  ancients  in  it,  appears  at  firft  very  difficult.  Yet 
if  due  attention  be  paid  to  what  of  that  kind  has  been 
difcovered  at  Rome,  and  more  lately  in  the  ruins  of 
Herculaneum,  we  (hall  be  obliged  to  admit  the  juftice 
of  that  applaufe,  which  the  painters  of  antiquity  re- 
ceived from  their  contemporaries ; an  applaufe  con- 
firmed by  all  we  have  had  occafion  to  obferve  of  their 
excellency  in  fculpture.  The  ancient  paintings  in  frefes, 
ftill  to  be  feen  at  Rome,  are,  a reclining  Venus  at  full 
length  * * * §,  and  feven  other  pieces  j-,  taken  out  of  a vault 
at  the  foot  of  Mount  Palatine ; among  which  are  a 
fatyr  drinking  out  of  a horn,  and  a landfcape  with 
figures,  both  of  the  utmoft  beauty.  There  are  alfo  a 
facrificial  piece,  confiding  of  three  figures^;,  and  an 
CEdipus,_and  a fphynx  ; which  all  of  them  formerly 
belonged  to  the  tomb  of  Ovid  §.  Thefe  are  fpecimens 
from  which,  without  temerity,  we  may  form  a very 
advantageous  judgment  of  the  ability  of  the  mafters 
who  executed  them  $ but  thofe  difcovered  at  Hercu- 
laneum, dil'clole,  beyond  all  others,  a happinefs  of  de- 
fign  and  boldnefs  of  expreflion,  that  could  proceed  only 
from  the  hands  of  the  mod  accomplifhed  artift.  The 
pitfure  of  Thefeus  vanquiffiing  the  Minotaur,  that  of 
the  birth  of  Telephus,  that  of  Chiron  and  Achilles  ||, 
and  that  of  Pan  and  Oly  mpe,  prefent  innumerable  beau- 
ties to  all  who  have  difcemment,  and  ftrike  moft  the 
eye  of  the  more  intelligent  beholder.  If  indeed  we 
examine  the  countenance  of  Achilles  in  the  original 
pi&ure  itfelf,  and  not  in  the  imperfedf  impreffion  pub- ' 
li (lied  of  it,  we  fhali  perceive  initfomething  inimitably 

* In  the  palace  of  Barbarmi. 

f In  the  gallery  of  the  college  of  St.  Ignatius. 

t In  the  possession  of  Cardinal  Alexander  Albani. 

§ In  the  Villa  Altieri. 

||  These  two  are,  perhaps,  the  performances  of  Parrhasins. 
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juft  and  fine  in  its  air,  energy  and  expreffion ; every 
tiring  contributes  to  difplay  the  young  hero's  ardour 
for  glory  ; and  he  looks  with  fuch  eagemefs  and  impa- 
tience on  his  matter  as  if  he  wanted  but  an  opportunity 
to  acquire  it  at  all  hazards.  There  were  found  alfo,; 
. among  the  ruins  of  . that  city,,  four  capital  pictures, 
wherein  beauty  of  defign  feems  to  vie  with  the  moft 
ftilfui  management  of  the  pencil.  They  appear  to  be 
of  an  earlier  date,  than  thofe  we  have  fpoken  of,- which 
belong  to  the  firft  century  ; a period,  when  painting,  as 
Pliny  informs  us,  was  in  its  decline.  What  then  are  we. 
to  think  of  the  paintings  of  „ Zeuxis  and  Apelles,  when 
even  this  art  itfelf,  in  its  very  decline,  was  capable  of 
exhibiting  fuch  productions  as  thefe,  which,  however 
juftly  exciting  ourpraiie,  feem  to  have  been  but  of  an 
- iaferior  kind,  when  compared  to  the  noble  peiformance 
of  thofe  great  matters  ? This  accounts  for  the  filence 
pbferyed  by  Pliny,  and  the-other  hittorians,  in  relation 
. to  them. 

16..  Another  kind  of  work,  of  affinity  to  painting, 
and  which  deferves  to  find  a place  here,  is  themofaic, 
’which  the  Romans  made  ufe  of  in  paving  their  apart- 
ments. One  of  the  moft  beautiful  monuments  of  that 
kind,  and  elegantly  defcribed  by  Pliny,  was  found, 
fome  years  ago  in  the  ruins  of  Adrian’s  famous  coun- 
try-feat at  Tivilo.  It  reprefents  a bafon  of  water,  with 
four  pigeons  around  the  brim  of  it,  one  of  which  is 
drinking,  and  in  that  attitude  its  firadow  appears  in  the 
water.  Pliny  in  the  fame  place  fays,  that  on  the  fame 
pavement  the  breaking  up  of  an  entertainment  was  fo 
naturally  reprefented,  that  you  would  have  thought 
you  really  faw  the  fcattered  fragments. 

17. : Mufic  is  as  ancient  as  the  .world.  It  feems  to 
Jiave  been -born  with  man,  to  accompany  him  in  his 
nainful  career,  to  fweeten  his  labours,  and  charm  away 
bis  cares.  This  was  its  firft  employment.  It  was  af- 
terwards confecrated  to  divine  fervice,  and  having  thus 
rifen  in  its  dignity,  became  of  principal  account  among 
the’ people,  in  accompanying  the  traditional  narra- 
tives, relative  to  the  characters  and  exploits  of  their 
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, «gceftors.  Hence  it  came  to  be  the  firft  fcierice  where* 
in  their  children  were  inftructed.  Mufic,  and  poetry 
its  ally,  accompanied  all  their  ftudies.  They  even 
deified  thofe,  who  firft  diftinguilhed  themfelves  in  it ; 
Apollo  was  of  this  number.  Orpheus,  Amphion,  and 
Linus,  for  their  eminent  talents  in  this  art,  were  ac- 
counted  more  than  men.  Philofophers  applied  them, 
felves  to  it  j • Pythagoras,  Socrates,  and  Plato,  recom- 
mended it  as  worthy  of  being  cultivated,  not  only  by; 
t - their  difciples,  but  by  the  belt  regulated  ilates.  The 

Grecians,  and  particularly  the  Arcadians,  enacted  the 
ftudy  of  it  by  law ; regarding  it  as  indifpenfably  ne- 
ceflary  to  the  common  welfare.  A fcience  fo  gene-; 
rally  cultivated,  ihould  have  arrived  at  perfection  very 
early  j yet  did  it  continue  in  a ftate  of  imbecility  and 
without  principles  till  the  times  of  Pythagoras.  We 
have  feen  before  in  what  manner  this  great  man  firft 
^determined  its  fundamental  rules. 

Till  his  time  mufic  was  lb  vague  and  uncertain,  that 
It  required  an  extraordinary  effort  of  genius  to  reduce 
it  to  method  and  order.  He  precifely  determined  the 
proportions  which  founds  bear  one  to  another,  and  re- 

Sulated  harmony  upon  mathematical  principles.  But 
e let  the  precifion  of  his  mind  carry  him  too  tar,  in 
fubjeding  mufic  to  the  judgment  of  reafon  alone,  and 
admitting  no  paufes,  or  refts,  but  fitch  as  had  an  arith- 
metical or  geometric  proportion  in  them.  Ariftoxenes, 
the  difciple  of  Ariftotle,  thought,  on  the  contrary, 
that  this  fubjed,  came  entirely  within  the  verge  of 
hearing,  and  that  the  ear  was  the  only  judge  of  founds. 
He  therefore  regulated  the  order,  the  unifon  and  break 
in  tones,  folely  by  the  judgment  of  the  ear ; and  ht» 
fyftem  prevailed  for  fome  time  in  Greece.  Olympus, 
U Phrygian,  came  foon  after  to  Athens,  who  invented 
a ftringed  inftrument  which  gave  the  femi-tones,  where- 
by he  introduced  fo  many  new  graces  into  mufic,  as 
gave  it  entirely  and thet  air.  He  joined  Ariftoxenes, 
appealing  for  the  merit  of  his  fyftem  to  thedecifion  ef 
the  ear.  At  length  the  famous  Ptolemy  appeared, 
and  with  fuperior  fprrit  equally  diiclarnted  the  par- 
tiality  of  both  fides.  He  took  a middle  court©,  alfert- 
■ J K 2 : - "W 
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Ingthat  fenfe  and  reafon  had  a joint  right  to  judge  of 
founds.  He  accufed  the  Pythagoreans  of  fallacy  m 
their  fpeculations,  with  refpedt  to  proportions ; as  well 
as  of  folly  in  fo  difregardiog  the  decifions  of  the  ear, 

. as  to  refufe  it  that  kind  of.  harmony  which  was  agree- 
able to  it,  merely  becaufe  the  proportions  of  it  did  not 
correfpond  with  their  arbitrary,  rules.  And  he  charged 
the  parti zans  of  Ariftoxenes  with  an  abftird  negleA  of 
. reasoning,  in  that  though  they  were  convinced  of  the 
difference  of  grave  and.  acute  .tones,  and  of  the  pro- 
. portions  fubfifting  between  them ; and  that  thofe  pro* 
portions  invariably. depended,  upon,  the  feveral  lengths 
of  the  mufical  chords  ; yet  they  never  took  the  trouble 
of  confidering  this,  fo  as  to.  enter  into  the. reafon  of  it. 
He  therefore  determined  in  deciding  upon  the  princi- 
ples of  harmony,  to.  make,  ufe  not  only  of  reafon  but 
alfo  of  the.jear,  as.  being  of  aid  .to  one.  another  ; and 
. in  confecyience  „ of  this  laid  down  a fure  method  for 
finding  out  the  proportions  of  founds.  Had  the  an- 
cients dpne  no,  more  with  refpedt  to  mufic,  than  made 
. the  difcpveries  already  taken  notice  of,  that  fcience 
muff  be  infinitely  more  indebted  to  them,  than  it  pof- 
-fibly  cquld  be  to  tbofe  who  fpcceeded  them,  for  what 
.additions  they  have,  afterwards  made.  The  ancients 
haye  the  whole  merit  of  having  laid  down  the  firft  ex- 
jaft  principles  of.  mufic  ; and  the  writings  of  the  Py- 
thagoreans, of  .Ariftoxetjes,  ^pclid,  Ariftides,  Nico- 
machus,  Plutarch,  and  many  others,,  even  fuch  of 
i them  as  ffill  remain,  contain  in  them  every  theory  of 
* ..mufic  yet  known.  They  knew,  as  well  as  we».  the  art 
' of  noting  their  tunes, t which  among  them  was  called 
theparafemantic^or  femeiptic,  performed  by  means 
; jof  entire,  letters  either  contrailed  or  reverfed,  placed 
’ Jupon  a line  parallel  to  the  words,  and  ferving  for  the 
*direAipn,  the  one  of  the  voice,  the  other  of  the  inftru- 
ment ; and  the  fcale  itfelf,  of . which  Guy  Aretin  is  the 
fuppofed  inventor,  is.np,  other  than  the  ancient  one  of 
' the  Greeks  a little  enlarged,  and  what  Guy  may  have 
! taken  from  a Greek  rnanufcript,  written  above  eight 
[•  'hundred  years  ago,  which  Kirchner  fays  he  faw  at 

*'  Meffina,  iiv  the  library  of  the  Jefuits,  wherein  he  found 

• the  htmns  noted,  juft  as  in  the  manner  of  Aretin. 
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18;  As  to  the  effects,  which  mufic  produced,  ancf 
the  manner  of  performing  it,  fo  far  were  the  ancients 
from  falling  (hort  of  the  moderns  in  thefe  refpects,  that 
as  to  the  former,  after  reducing  the  accounts  we  have 
of  it  to  the  molt  rigid  conformity  to  truth,  they  (till 
appear  therein  to  have  gone  far  beyond  us:  and  as* 
the  latter,  though  it  be  alledged,  that  their  inftriv 
ments  were  not  fo  complete  as  ours,  and  that  they 
knew  hot,  nor  pitt  in  practice  thofe  divifions  in  har- 
mony, which  enter  into  our  concerts  ;•  yet  this  feems 
to  be  a grotmdlefs  objection.  The  lyre,  for  inftance, 
was  certainly  a very  harmonious  inllrument,  and  irt 
Plato’s  time  was  fo  conftructed,  and  fo  full  of  variety* 
that  he  regarded  it  as  dangerous,  and  too  apt  to  relax 
the  mind.'  In-  Anacreon’s  time,  it  had  already  ob- 
tained forty  firings.'  Ptolemy  and  Porphyry  defcribe  ‘ 
inftrumeiits  refembling  the  lute  and  theorbo,  having  a 
handle  with  keys  belonging  to  it,  and  the  firings  ex-* 
tended  from  the  handle  over  a concave  body  of  wood* 
There  is  to  be  feen  at  Rome  an  ancient  ftatue  of  Or-* 
pheus,  with  a muiical  bow  in  his  right  hand,  and  a 
kind  of' violin  in  his  left.  In  the  (commentaries  of 
Philollratus  by  Vigenere,  is  a medal  of  Nero  with  a 
violin  upon  it.  In  the  paffages  referred  to  below,  it 
plainly  appears,  that  the  flute  was  carried  to  fo  high  a 
degree  of  perfection  by  the  ancients,  that  there  were 
various  kinds  of  them,  and  fo  different  in  found,  as  to 
be  wonderfully  adapted  to  exprefs  all  manner  of  fub- 
jects.  And  in  Tertullian  we  meet  with  a very  full  de- 
fcription  of  an  hydraulic  organ,  invented  by  Archi- 
medes, which  was  fo  far  from  being  inferior  in  any 
refpect  to  ours,  that  it  plainly  exceeded  them  in  its  me- 
chanifm,  as  being  madeto  play  by  water.  “ Behold,’* 
fays  Tertullian,  “ that  aftonilhing  and  admirable  hy- 
draulic organ  of  Archimedes,  compofed  of  fuch  a 
number  of  pieces,  confiding  each  of  fo  many  different 
parts,  connected  together  by  fuch  a quantity  of  joints, 
and  containing  fuch  a variety  of  pipes  for  the  imita- 
tion of  voices,  conveyed  in  fuch  a multitude  of  founds, 
modulated  into  fuch  a diverfity  of  tones,  breathed  from 
fo  immenfe  a combination  of  flutes  : and  yet  all  taken 
together  conftitute  but  one  Angle  inllrument.” 
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' 19.  Should  we  for  the  prefent  confine  our  views 
only  to  harmony,  or  the  confenting  notes  in  mufic,  we 
fhall  find  that  the  ancients  were  by  no  means  ignorant 
of  it.  Many  refpe&able  authors  have  curforily  treat- 
ed of  it.  Macrobius  fpeaks  of  five  notes,  among  which 
the  bafe  bears  fuch  a fymphony  with  thofe  above  it, 
that  however  different  they  be  among  themfelves,  they 
come  to  the  ear  as  if  they  altogether  compofed  but  one 
found.  Ptolemy,  fpeaking  of  the  monochord,  calls  it 
3 mighty  Ample  inftrument,  as  having  neither  unifon, 
accompany ment,  variety,  nor  complication  of  founds. 
Seneca,  in  one  of  his  letters,  fays  to  his  friend,  “ Don’t 
you  obferve  how  many  different  voices  a band  of  mufic 
is  compofed  of?  There  you  have  the  bafe,  the  higher 
notes,  and  the  intermediate,  the  foft  accents  of  wo- 
men, and  the  tones  of  men,  intermingled  with  the 
found,  of  flutes,  which,  however  feparately  diftinft, 
form  altogether  but  one  harmony  of  found,  in  which 
each  bears  a fhare.”  - Plato  fufficiently  makes  it  ap- 
pear, that  he  knew  what  harmony  was,  when  he  fays, 
that  mufic  is  a very  proper  ftudy  for  youth,  and  fliould 
employ  three  years  of  their  time;  but  that  it  was  im- 
proper to  put  them  upon  playing  alternately  in  con- 
cert, it  being  enough  for  them,  if  they  .could  accom- 
pany their  voice  with  the  lyre.  And  the  reafon  he 
gives  for  it  is,  that  the  accompanyment  of  various 
inftruments,  the  bafe  with  thofe  of  a higher  key,  and 
the  variety,  and  even  oppofition  of  fymphonies,  where 
mufic  is  played  in  divifions,  can  only  embarrafs  the 
minds  of  youth. -.  True  it  is,  the  ancients  did  not 
much  pradife  compound  mufic  ; but  that  proceeded 
only  from  their  not  liking  it.  -For  Ariftotle,  after 
alking,  why  one  inftrument  accompanied  only  by  a 
Angle  voice  gave  more  delight,  than  that  very  voice 
■would  do  with  a greater  number,  replies,  that,  the 
multitude  of  inftruments  only  obftrudted  the  found  of 
the  fong,  and  hindered  it  from  being  heard.  Yet  the 
fame  author  in  another  place.exprefsly  fays,  that  mufig, 
by  the  combination  of  the  bafe  and  higher  tones,  and 
of  notes, -long  and  ftiort,  and  of  a variety  of  voices, 
arifes  in  perfect  harmony.  And  in  the  following  chap- 
ter, fpeaking  of  the  revolutions  of  the  feveral  planets* 
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as  perfectly  harmonizing  with  one  another,  they  being 
all  of  them  conduced  by  the  fame  principle,  he  draws  v 
a companion  from  mufic'  to  illuftrate  his  lentiments  } r 
Juft  as  in  a chorus,  fays  he,  of  men  and  women,  where 
alhthe  variety  of  voices,  "though  all  the  different  tones*' 
from  the  ' bafe  to  the  higher  notes,  being  under  the 
guidance  and  dire&ron  of  a muflcian^  perfedlly  cor- 
refpond  with  ohe  other,  and  form  a full  harmony*\ 
Aurelius  Caffiodorus  defines  fymphony  to  be  the  art  of 
fo  adjufting  the  bafe  to  the  higher  notes,  and  them  to 
it,  through  all  the  voices  and  inftruments,  whether, 
they  He  wind  or  ftringed  inftrufnents,  that  thence  an 
agreeable  harmony  may  refttlt.  And  Horace  fpeaks 
exprefsly  of  the  bafe  and  higher  tones,  and  the  harmo- 
ny refill  ting  from  their  concurrences  All  theie  tefti-  ■* 
monies  therefore  uniting  in  favour  of  the  harmony  of 
the  aneients,  ought  not  to  feave  us  the  leaft  doubt  re- 
fpefting  this  branch  of  their  knowledge.  We  have 
feen  the  reafon  why  they  did  not  much  ufe  harmony  in 
concert*  One  fine  voice  alone,  accompanied  with  one 
inftrument,  regulated  entirely  by  it,  pleafed  them  bet- 
ter than  mere  mufic  without  voices,  and  made  a more 
lively  imprefliOn  on  their  feeling  minds.  And  this  is- 

what  even  we  ourfelves  every  day  experience. 
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20;  I come  now  to  co'nfider  the  effedls,  which  the 
ancient  mufic  produced,  and  begin  with  obferving,  that 
it  is  pot  at  all  probable  they  would  unanimoufty  con- 
sent to  impofe  upon  pofterity,  in  matters  delivered  with  ^ 
.fuch  an  air  of  truth.  There  is  fcarcely  any  thing  in 
hiftory  better  fupported.  To  begin  with  facred  ftory. 

We  find  there,  th'at  the  minifters  of  Saul  bid  him  fend 
for  a player  upon  an  inftrument,  to  relieve  him  of  his 
malady.  The  confequence  of  this  was,  that  David 
came,  and  adminiftered  theexpedled  relief.  And  to  be 
convinced,  that  there  was  nothing  fupernatural  in  this, 
but  that  mufic  was  at  that  time  a known  fpecific  in  fuch 
maladies  as  Saul  complained  of,'  it  need  only  be  re- 
marked, that  thofe,  who  gave  this  advice,  were  but 
/houfehold  fervants.  Profane  hiftory  fupports  us  in  this 
reflection,  by  a great  number  of  inftances  of  the  fame 
kind.  Aulus  Gellius  and  Athenoeus  make  mention  of 
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many  fcures  performed  among  the  Thebans  by  mufic, 
and  cite  Theophraftus  as  to  what  happened  in  his  time. 
Galen,  a very  grave  author,  and  whofe  authority  is  of 
the  greateft  weight  in  fubje&s  of  this  kind,  fpeaks  very 
ferioufly  of  this  cuftom.  And  Ariftotle,  Appollonius, 
Dipfcolus,  Capella,  and  many  others,  {peak  of  Ting- 
ing as  a noftrurn  in  many  maladies.  There  is  a paf- 
fage  in  Tzetzes,  which  give  rife  to  a conje&ure,  that 
.may  very  naturally  accompany  thefe  fadts.  • He  fays, 
that  Orpheus  recalled  Eurydice  from  the  gates  of  death, 
by  the  charms  of  his  lyre.  Now  to  take  this  literally, 
one  might  prefume  from  it,  that  Eurydice  had  been  bit 
by  a tarantula  inftead  of  a ferpent,  as  hiftorians  give 
but,  and  that  Orpheus  having  recovered  her  by  means 
of  mufic,  as  is  pradlifed  in  Italy  even  at  this  day,  in 
procefs  of  time  there  was  founded  on  this  the  well- 
known  allegory  of  his  defcent  into  hell.  But  if,  in  op- 
pofition  to  this,  it  be  alledged,  that  there  are  no  taran- 
tulas in  Thrace,  (which  is  what  I cannot  take  upon  me 
to  affirm)  the  objection  is  eafily  evaded  by  admitting 
with  hiftorians,  that  (lie  was  really  bit  by  a ferpent,  ob- 
ferving  withal,  that  fhe  might  ftill  be  cured  of  that 
bite  by  means  of  mufic.  Theophraftus,  among  other 
writers,  is  quoted  by  Aldus  Gellius,  as  an  ocular  evi- 
dence of  the  medical  effedls  of  mulic,  in  the  cafe  of  V 
perfons  bit  by  ferpents  or  vipers.  The  work  indeed Te- 
ferred  to  is  now  loft.  Another  purpofe,  to  which  the 
ancients  applied  their  mufic,  was  to  alleviate  the  rigour 
of  their  punifhments  ; and  in  this  they  difplayed  their 
humanity.  The  Americans  entertain  the  fame  idea  of 
the  power  of  mufic,  having  recourfe  to  it  to  allay  the 
feverity  of  their  toils.  Plutarch  reports  of  Antigeni- 
das,  that  he  fo  roufed  the  ipirit  of  Alexander,  by  play- 
ing on  the  flute,  that  in  a tranfport  of  heroifm  the  prince 
immediately  ftarted  up  from  table,  and  flew  to  his  arms. 
Every  body  hath  heard  of  the  wonderful  influence, 
which  the  mufic  of  the  famous  Timotheus  had  over 
the  mind  of  that  prince,  when  touching  his  lyre,  he  fo 
inflamed  him  with  , rage,  that  drawing  hisfabre  he  fud- 
denly  flew  one  of  his  guefts  ; which  Timotheus  no 
fboner  perceived,  than,  altering  the  air  from  the  Phry- 
gian to  a fofter  meafure,  he  dripped  him  of  his  fury, 
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becalmed  his  paffion,  and  infufed  Into  him  the  tendereft 
feelings  of  grief  and  compun&ion  for  what  he  had 
done.  Jamblicus  relates  like  extraordinary  effe&s  of 
the  lyres  of  Pythagoras  and  Empedocles.  The  painter 
Theon  dextroufly  availed  himfelf  of  this  force  of  jmu- 
fic,  when  going  to  make  a public  exhibition  of  a piece 
he  had  finifhed,  wherein  a foldier  was  reprefented  as 
juft  ready  to  affail  the  enemy,  he  firft  of  all  warmed 
the  fpirit  of  the  company  by  a warlike  air,  and  when 
he  found  them  fufficiently  animated,  uncovered  the 
pidture,  which  ftruck  the  whole  affembly  with  admira- 
tion. Plutarch  informs  us  of  a fedition  quelled  at  La- 
cedemon  by  the  lyre  of  Terpander;  and  Boetius  of 
rioters  difperfed  by  the  mufician  Damon. 

21.  To  conclude  this  inquiry  refpedling  the  merit  of  : 
the  ancients  in  mufic,  I fhall  make  but  two  obferva- 
tions.  The  firft  is,  that  their  airs  in  delicacy  very  much 
furpafled  ours,  and  that  it  is  in  this  refpedt  principally,  1 
that  we  may  be  faid  to  have  loft  their  mufic.  Of  their  . 
three  kinds  of  mufic,  the  diatonic,  chromatic,  and  the 
enharmonic,  there  exifts  now  only  the  firft  * and  fecond. 
The  difficulty  there  was  to  find  voices  and  hands  pro- 
per to  execute  the  enharmonic  kind,  brought  it  firft 
into  negledt,  and  then  into  oblivion^jnfomuch  that 
all  now  remaining  of  the  ancient  mufic  that  coarfer 
fort,  which  knows^no  other  refinement,  than  that  of 
the  whole  and  the  deminote,  inftead  of  thefe  finer  kinds, 
which  carried  on  the  divifion  of  a note  into  threes  and 
fours.  Doubtlefs  the  prevalency  of  thatfyftem,  which 
referred  the  determination  of  founds  to  the  judgment 
of  the  ear,  occafioned  the  reje&ion  of  the  enharmonic 
fpecies,  which  was  too  fine  for  the  decifion  of  the  ear, 
and  fprung  entirely  from  the  Pythagoric  fyftem.  But 
this  by  no  means  ought  to  hinder  us  from  acknow- 
ledging the  excellency  of  that  mufic  above  the  mo- 
dern, in  the  extreme  delicacy  of  its  tones.  The  fe- 
cond  obferyation  is,  that  the  variety  of  manner,  in 
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* Dutens  is  mistaken  in  saying,  first,  that  only  the  first,  viz. 
the  diatonic  kind,  now  remains;  and,  secondly,  that  this  di- 
vides the  tones  into  semitones  ; which  certainly  is  done  by  the 
chromatic,  and  pot  the  diatonic  scale. 
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^rhlch  the  ancient  mafic  was  performed,  placed  it  m a 
tank  of  dignity  fuperior  to  ours.  Our  inodes  are  but 
of  two  kinds,  the  flat  and  the  fharp  ; whereas  the  an-  ~ 
cients,  modified  theirs  into  five,  the  principal  of  which 
were.the  Ionic,  the  Lydian,  the  Phrygian,  the  Doric, 
jEolic  ; each  adapted  to  exprefs  and  excite  different 
paflxons  ; and  by  that  means,  efpecially,  to  produce 
fuch  effefts  as  we  have  juft  now  taken  notice  of,  not 
only  from  the  authentic  manner,  in  which  they  have 
been  recorded,  but  from  the  very  ftate  and  condition, 
in  which  mufic  at  that  time  was.  > 

The  Conclusion . 

1.  We  have  feen  in  how  many  truths  of  the  greateft 
importance,  the  ancients  preceded  the  moderns,  or  at 
leaft  pointed  out,  or  prepared  the  way  for  their  difco- 
▼eries.  It  appears  alfo,  that  the  latter  have  not  al- 
ways had  the  difintereftednefs  to  own,  that  the  former 
guided  them  in  attaining  their  ends.  And  here  it  may 
not  be  amifs  to  remark,  that  thofe  very  philofophers, 
when  their  opinions  were  attacked,  or  when  they  dread- 
ed they  might  be  fo,  recurred  to  the  authority  of  thofe 
great  men,  to  put  envy  and  calumny  to  filence.  Def- 
cartes,  Mallebraiiche,  and  fome  Newtonians,  are  in- 

ftances  of  thfe. :ii 

r •: 1 w?r:  ' v 

2.  The  firft  of  thefe,  at  the  conclufion  of  his  prin- 
ciples of  philofophy,  advertifes  the  reader,  that  he  had 
advanced  nothing  but  what  had  been  authorized  by 
Ariftotle,  Democritus,  and  many  other  philofophers 
of  antiquity.  Mallebranche,  obferving  his  fyftem  ac- 
cufed  not  only  of  being  falfe,  but  of  being  impious, 
immediately  had  recourfe  to  the  authority  of  St.  Au- 
guftin.  And  fome  Newtonians,  upon  feeing  that  at- 
tra&ion  was  by  many  regarded  as  a mere  whim,  fet 
about  proving,  that  the  ancients  owned  and  taught  it ; 
trufting  by  this  to  open  a reception  for  it.  Some,  to 
conciliate  the  favour  of  the  public,  have  had  recourfe 
to  the  authority  of  the  ancients  ; others,  upon  being 
attacked,  have  fled  to  them  for  fuccour  and  prote&ion. 
Others  again,  diftrufting  their  own  ability  to  fupport 
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what  they  advanced,  have  rather  chofen  to  abdicate  the 
glory  of  invention,  than  give  up  their  favourite  ideas 
a prey  to  their  adverfaries  ; and  have  therefore,  to  put 
them  out  of  reach,  placed  their  origin  at  a vaft  dis- 
tance. Nor  are  there  wanting  thofe,  who,  feeing  them- 
felves  fecure  of  fuccefs,  in  hazarding  certain  opinions, 
have  ventured  to  pafs  them  under  their  own  names, 
though  they  belonged  to  others  ; and  obferving,  that 
they  were  not  reclaimed  to  their  real  authors  by  the 
public,  have  filently  gloried  in  their  borrowed-  luftre  ; 
many  confcious  that  they  had  no  right,  and  fome, 
though  few  in  number,  thinking  that  they  had. 

3.  What  little  we  have  taken  notice  of,  refpe&ing 
the  conduit  of  Defcartes,  Locke,  and  Mallebranche, 
is  fufficient  to  authorize  what  we  here  advance.  Def- 
cartes  hath  not  fpecified  the  authors,  from  whom  in  par- 
ticular he  derived  hU  thoughts.  He  only  fays  in  ge- 
neral, that  the  greateft  philofophers'of  antiquity  have 
thought  as  he  has  done.  Locke  hath  palled  for  an  ori- 
ginal, though  his  principles' be  the  fame  with  thole  of 
Ariftotle,  and  his  diftindions  juftfuch  as  Were  em- 
ployed by  the  ftoics.  Mallebranche  did  not  at  firffc 
avow,  that  his  opinion  waS  the  fame  with  that  of  the 
Chaldeans,  Parmenides,  Plato,  and  St;  Auguftin  j-bttt 
when  he  faw  himfelf  warmly  attacked  by  his  adverfa- 
ries, againft  the  philofophical  part  of  them,’ he  held 
up  the  buckler  of  Plato,  whilft  he  fled  to  St.  Auguf- 
tin for  fhelter  againft  the  divines.  The  glory  of  hav- 
ing been  the  firft,  who  clearly  diftinguifhed  the  pro- 
perties of  the  mind  from  thofe  of  the  body,  and  de- 
monftrated,  that  fenfible  qualities  had  their  'exiftence 
in  the  mind  of  the  percipient,  and  not  in  the  obje<3f 
perceived,  hath  been  wrongfully  afcribed  to  Defcartes  $ 
fince  we  have  feen,  that  he  was  preceded  in  all  thefe  re- 
fpe&s  by  Leucippus,  Democritus,  Plato,  Strato,  Arjft 
tippus,  Plutarch,  and  Sextus  Empiricus. 

4.  Leibnits  hath  not  only  revived  the  doflrme  of  Py- 
thagoras, but  employed  the  very  fame  arguments, 
which  the  Pythagoreans  made  ufe  of  to  deiiionftrate 
the  neceffity  of  admitting  the  exiftence  of  fimple  and 
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tincompounded  things,  anterior  to  thole  that  were  com- 
pounded, and  as  being  the  foundation  of  the  exiftetice 
of  body  itfelf.  Mr.  de  BufFon  hath  fometimes  quoted  ' 
Ariftotle  and  Hippocrates*  but  never  when  there  was 
any  inquiry  about  the  ground-work  of  his  fyftem, 
which  has  always  been  thought  to  be  new,  though  it 
appears,  to  be  almoft  entirely  the  fame  with  that  of 
Anaxagoras,  Empedocles,  and  Plotinus.  According 
to  the  fyftem  of  Pythagoras,  Plato,  and  Epicurus,  the 
production  of  every  thing  in  nature  was  afcribed  to  the 
concurrent  force  of  Ample  and  aCtive  principles,  long 
before  Mr.  Needham  thought  of  it.  The  philofophy 
of  Gaflendi.  and  the  Newtonians,  is  no  other  than  that 
of  Mofchus,  Leucippus,  Democritus,  and  Epicurus. 
The  acceleration  of  motion  was  known  to  Ariftotle, 
and  the  belt  manner  of  accounting  for  it  is  that  which 
he  makes  ufe  of.  Lucretius  obferved,  long  before  Ga- 
. lileo,  that  bodies  the  moft  unequal  in  weight,  fuch  as 
gold  and  down,  jnuft  defcend  with  equal  velocity  in  a 
tracuum.  Univerfal  gravity  attractive,  centripetal, 
and  centrifugal  force,  were  clearly  indicated  by  Anax- 
agoras, Plato,  Ariftotle,  Plutarch,  and  Lucretius. 
We  have  alfo  feen,  that,  without  the  aid  of  telefcopes, 
Democritus  and  Phavorinus  entertained  very  juft  ideas 
- of  the  milky  way,  and  predicated  the  difcovery  of  the 
fatellites;  that  a plurality  of  worlds,  and  the  doCtrine 
of  vortices,  were  clearly  and  with  precifion  taught  by 
t^be  ancients ; and  that  Plato  had  a notion  of  the  theory 
of  colours.  We  have  feen,  that  two  thoufand  years  . 
before  Copernicus,  Pythagoras  had  propofed  the  fame 
fyftem  ; and  that  Plato,  Ariftarchus,  and  many  others,  % 
had  admitted  it;  as  they  did  alfo,  without  difficulty, 
the  doCtrine  of  antipodes,  which,  though  very  reafon- 
able  in  itfelf,  had  fo  much  difficulty  in  gaining  a recep- 
tion among  us.  The  revolution  of  the  planets  about 
theif  ©wn  axis  was  known  alfo  in  the  fchools  of  Pytha- 
goras and  Plato.  There  was  nothing  left  to  the  mo- 
derns to  fay  new,  refpeding  tfce  return  of  comets,  their 
nature,  and  their  orbjts.  The  Chaldeans,  Egyptians, 
Pythagoras,  Democritus,  Hippocrates  of  Chios,  Ar- 
temidorus,  and  Seneca,  had  already  fully  fettled  the 
theory  of  them  j though  the  moderns,  it  is  true,  de- 
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monftrated  more  clearly  fome  parts  of  it.  The  moun- 
tains, vallies,  and  inhabitants  of  the  moon  had  been 
fuggefted  and  fuppofed  by  Orpheus,  Pythagoras,  Anax- 
agoras, and  Democritus. 

5.  Ariftotle  knew  the  weight  of  the  air;  Seneca  its 
. fpring  and  elafticity.  Leucippus,  Chryfippns,  Arifto- 
, phanes,  and  the  ftoics,  had  fully  accounted  for  thunder 

and  earthquakes.  Pytheas,  and  Seleucus  of  Erythrea, 
preceded  Defcartes  in  explaining  the  caufe  of  the  ebb- 
ing and  flowing  of  the  fea ; and  Pliny,  before  Sir  Ifaac 
JSTewton,  had  made  mention,  in  that  cafe,  of  the  com- 
bined forces  of  fun  and  moon. 
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6.  We  have  alfo  feeri,  that  Hippocrates  and  Plato 
knew  the  circulation  of  the  blood,  and  that  Rufus 
defcribed,  1600  years  ago,  the  varicous  paraftatae,  called 
by  us  the  Fallopian  tubes.  And  by  the  fentiment  of 
an  able  furgeon  of  the  prefent  age,  we  have  fliewr, 
that  there  were  as  great  advances  made  in  that  art  a 
thoufand  years  ago,  as  there  are  at  prefent.  The  art 
of  working  metals,  of  rendering  gold  potable,  glafs 
duftile  and  malleable ; that  of  diftillation,  of  painting 
upon  glafs,  of  making  gun-powder,  and  a thoufand 
other  chymical  preparations,  with  which  we  have 
proved  the  ancients  to  have  been  acquainted,  leave  not 
the  leaft  doubt  of  their  fkill  in  chymiftry.  We  have 
feen,  that  the  fentiment  of  Harvey,  Steno,  and  Rhedi, 
refpeding  generation  by  eggs,  was  only  a renewal  of 
what  had-  been  taught  by  Hippocrates,  Empedocles, 
Ariftotle,  and  Macrobius  ; and  the  fyftem  of  Hart- 
foeker  and  Leuwenhoek^  with  refpedt  to  fpermatie  ani- 
malcula,  is  found  in  Ariftotle,  Hippocrates,  Plato, 
Laftantius,  and  Plutarch.  And  the  lexual  fyftem  of 
plants,  the  merit  of  difcovering  which  we  chiefly  af- 
fign  to  Morland,  Grew,  Vaillant,  and  Linnaeus,  was 
accurately  expounded  by  Empedocles,  Theophraftus, 

Pliny,  and  Diodorus  Siculus. 

; *.  • . • • ■ v - . l 

7.  Though  we  did  not  employ  much  time  in  our 
furvey  of  mathematics  and  geometry,  yet  we  made  it 
appear,  that  the  nobleft  dilcoveries  in  thofe  fciences 
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were  made  by  the  ancients.  All  the  Engliffi  geometric 
cians  agree  with  Leibnits  and  Wolf  in  acknowledging, 
that,  notwithftanding  all  the  attempts  made  by  the 
ableft  geometricians  in  thefe  laft  ages,  Euclid’s  me- 
thod ftill  remains  the  moft  accurate  and  perfect.  We 
obferved,  that  the  moft  difficult  problems  in  thofe  fci- 
ences  were  folved  by  Thales,  Pythagoras,  Plato,  Ar- 
'chimedes,  and  Apollonius.'  We  have  feen,  that  theip 
mechanical  contrivances  were  carried  to  fuch  a pitch, 
as  to  furpafs  even  the  conception  of  the  moft  learned 
among  us.  Archimedes’s  burning  glades  furniflied  us 
with  an  inftance  of  this.  Their  application  of  the  • 
equal  vibration  of  the  pendulum,  their  knowledge  of 
the  refraction  of  light,  and  its  caufe,  their  attempts 
to  fquare  the  circle,  their  difcovery  of  the  fundamen- 
tal propofitions  of  geometry,  and  above  all  that  of 
algebra,  and  the  proceffion  of  the  equinoxes,  afford 
convincing  proofs  of  the'  depth  and  acutenefs  of  the 
genius  of  the  ancients.  We  have  alfo  made  it  appear, 
that  microfcopes  were  not  unknown  to  them  j and  that 
in  the  arts  of  painting,  fculpture,  and  the  fcience  of 
mu  fie,  they  not  only  equalled,  but  even  furpafled  us. 

In  laying  before  the  eyes  pf  the  reader  a fketch  of  the 
admirable  works  of  the  ancients  in  architecture,  and 
in  the  art  of  war,  we  have  likewife  given  proofs,  that 
they  were  no  lefs  able  in  the  arts,  than  in  the  fciences  ; 
infomuch  that  there  is  no  part  of  knowledge,  in  which 
they  have  not  either  preceded  us,  directed,  or  fur- 
paffed  us. 

8.  Now,  if  it  hath  been  demonftrated,  that  the 
writings  of  thofe  great  matters  contain  the  greateft 
part  of  what  is  to  be  known,  and  that  the  moft  cele- 
•*  brated  difeoveries  of  the  moderns  have  thence  derived 
their  origin  ; is  it  not  very  reafonable,  that  we  ftiould 
rather  go  to  the  fountain-head  of  fcience,  than  to  con- 
fine ourfelves  entirely  to  the  little  ftreams,  that  iffue 
from  it ! 

But  in  recommending  the  ftudy  of  ‘the  ancients,  I 
am  far  from  thinking,  that  the  moderns  are  to  be  ne- 
glected. I apprehend,  on  the  contrary,  that  it  is  of 
great  ufe  attentively  to  confider  their  labours,  in  order  ; 
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to  remitk  what  they  have  added  to  the  knowledge  of 
the  ancients  by  their  experiments ; for  without  doubt 
there  may  be  daily  added  fomething  to  our  knowledge. 
This  makes  it  neceffary  attentively  to  compare  the  an- 
cients and  moderns  together ; for  in  thefe  laft  many 
things  may  be  found,  which  have  either  been  omitted, 
or  but  obfcurely  treated  of  in  the  former.  Nay,  far- 
ther, the  labours  of  the  moderns  may  ferye  to  replace, 
.as  it  were  fome  of  thofe  treatifes  of  the  ancients,  which 
have  been  loft,  and  of  which  there  now  remain  only 
the  titles,  to  give  us  an  idea  of  the  greatnefs  of  our 
lofs.  Another  advantage,  which  may  arife  from  this 
comparifon,  is,  to  afcertain  us  in  our  reflections ; for 
where  the  ancients  and  modems  agree,  it  is  natural, 
that  their  joint  confent  Ihould  determine  our  judg- 
ment in  fuch  or  fuch  a point.  And  even  when  they 
differ,  the  diverfity  of' their  reafonings  may  tend  to 
throw  light  on  the  mind. 

9.  Free  from  partiality  towards  either,  we  ought  to 
think,  that  whatever  efforts  have  been  made  to  bring 
' our  knowledge  to  perfection,  there  will  remain  fome- 
thing ftill  to  be  done  in  that  refpeCt,  by  us  and  our 
pofterity.  There  is  no  man  fufficient  of  himfelf  to  ef- 
tablifh  or  perfect  any  one  art  or  fcience.  Having  re- 
ceived from  our  anceftors  the  prod  u (ft  of  all  their  me- 
ditations and  refearches,  we  ought  daily  to  add  what 
we  can  to  it,  and  by  that  means  contribute  all  in  our 
power  to  the  increafe  and  perfection  of  knowledge. 
Let  us  put  on  the  difpofition  of  Seneca,  who  expreffes 
himfelf  on  this  fubjeCt  with  his  ufual  eloquence.  **  I 
hold  in  great  veneration,”  fays  he,.  “ the  inventions  of 
the  wife,  and  the  inventors  themfelves.  This  is  an  in- 
heritance, which  every  one  may,  and  ought  to  lay 
claim  to.  To  me  they  have  been  tranfmitted ; for  me 
they  have  been  found  out.”  “ But  let  us  in  this,” 
continues  he,  “ aCt  like  good  managers ; let  us  im- 
prove what  we  have  received,  and  convey  this  heritage 
to  our  defendants,  in  better  condition  than  it  came  to 
us.  Much  remains  for  us  to  do ; much  will  remain 
for  thofe,  who  come  after  us.  A thoufand  years 
..  hence,  there  will  ftill  be  occafion,  and  ftill  opportunity, 
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to  add  fomething  to  the  common  (lock.  But  had 
every  thing  been  found  out  by  the  ancients,  there 
would  ftill  this  remain  to  be  done  a-new,  t<*  put  their 
inventions  into  ufe,  and  make  their  knowledge  ours.” 


WHEN  I firft  read  over  the  preceding  Treatife,  I 
had  little  thought  or  defign  of  making  fo  large  an  ex- 
trad  from  it.  But  I afterwards  considered,  1.  That 
this  might  be  a means  of  making  that  valuable  work 
more  extenfively  known,  (as  Men  of  learning  would 
naturally  defire  to  fee  and  examine  the  proofs  at  large) 
and  2.  That  it  might  ferve  for  a kind  of  recapitula- 
tion of  tlje  preceding  volumes.  Such  a recapitulation 
as,  on  the  one  hand,  could  not  be  unentertaining  to  the 
fenfible  Reader  ; and  on  the  other,  might  reprefs  the 
vanity  which  is  apt  to  arife  in  our  minds,  when  wfe 
imagine  we  have  made  new  Difcoveries.  Alas ! how 
little  new  has  been  difcovered,  even  by  Gaffendi,  Mal- 
lebranche,  Mr.  Locke,  or  Sir  Ifaac  Newton  ? How 
plain  is  it,  that  in  Philofophy,  as  well  as  the  courfe  of 
human  affairs,  there  is  nothing  new  under  the  fun  ! 

The  more  we  confider  this,  the  more  we  (hall  be 
convinced  of  the  inconceivable  littlenefs  of  Human 
Knowledge.  But  although  with  our  utmoft  efforts, 
we  can  know  fo  fmall  a part  of  the  things  that  furround 
us,  yet  we  can  know,  and  that  with  the  greateft  cer- 
tainty, our  whole  duty  to  Him  that  made  them.  And 
what  can  we  reafonably  defire  more  ? For  this  is  the 
whole  of  man,  (which  is  the  literal  rendering  of  Solo- 
mon’s words)  his  whole  Bufinefs,  his  whole  Happinefs. 
In  this  our  infant  ftate  we  cannot  know  much  : but  we 
may  love  much.  Let  us  fecure  this  point,  and  we 
fhall  foon  be  fwallowed  up  in  the  ocean  both  of  Know* 
ledge  and  Love ! 

London,  Nov.  16,  1777. 
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A P P E N D I X. 
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BEFORE  I conclude,  it  feems  highly,  nCce/Tary  to 
enlarge  a little  on  Tome  particulars,  which  were 
before  but  flightly  mentioned. 

One  of  thele  is  the  Human  Underftanding,  which  ? 
was  juft  mentioned  in  the  4-th  Chapter  of  the  Firft 
Part.  On  this  important  head  I now  intend  to  fpeak 
particularly ; chiefly  on  the  plan  of  the  pious  and 
learned  Dr.  Peter  Brown,  late  Bifhop.  of  Cork  in 
Ireland. 

It  is  needful,  firft,  to  trace  out  the  bounds  and  ex- 
tent of  human  underftanding.  Thefe  bounds  being 
fixed,  we  are  next  to  conlider,  how  the  mind  dilates 
itfelf  beyond  them : how  it  fupplies  the  want  of  direct 
ideas,  by  railing  up  fecondary  images  in  itfelf  s info- 
much  that  things,  otherwile  imperceptible,  grow  fa- 
miliar and  eafy  j and  we  meditate  and  difcourfe  even . 
on  thofe  beings,  whereof  we  have  not  the  ieaft  direct 
perception. 
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Of  the  Ideas  of  Sensation,  . 
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O UR  fenfes  are  the  only  fource  of  thofe  ideas,  up- 
on which  all  our  knowledge  is  founded.  With- 
out ideas  of  fome  fort  or  other  we  could  have  no 

knowledge, 
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knowledge,  and  without  our  fenfes  we  could  have  no 
ideas.  But  thefe  being  once  tranfmitted  to  the  me- 
mory, the  foul,  which  till  then  was  ftill  an  inadive 
being,  fupplied  with  materials  to  work  upon*  begins 
to  exert  her  operations. 

Before  we  fpeak  of  the  properties  of  ideas  of  fenfa- 
tion,  it  is  proper  to  obferve  three  things  : 1.  That  it  is 
not  neceifary  to  decide,  whether  fenfitive  perception  be 
performed,  by  an  impreffion  of  the  object  upon  the 
lenfe,  or  by  an  operation  of  the  fenfe  upon  the  objed.„ 
It  is  certain,  that  either  way  of  fenfitive  perception 
neceifarily  requires  the  prefence  of  the  objed,  and  an 
immediate  action,  either  of  the  organ  upon  this,  or  of 
‘this  upon  the  organ : confequent  upon  which  is  a fort 
of  reprefentation  of  the  objed  to  the  mind;,  This  is 
"the  cafe  of  all  external  objeds,  which  have  left  any 
reprefentation  of  themfelves  with  us  by  our  fenfes : 
which  reprefentation  being  tranfmitted  by  the  fenfes  to 
‘the  memory,  is  properly  termed  an  Idea* 

If  anyone  afks,  what  an  idea  is,  let  him  look  upon 
a tree,  and  then  immediately  {butting  his  eyes,  try  if 
he  retains  any  refemblance  of  what  he  faw  ; and  that 
is  an  idea.  Thus  it  U*  that  all  the  variety  of  the  ▼ifi. 
ble  creation  is  let  in  Upon*  our  minds  through  the  fenfes, 
as  all  parts  of  a delightful  and  fpacious  landfcape  are 
con  traded,  and  conveyed  into  a dark  chamber,  through 
an  artificial  eye  in  the  wall,  and  fo  become  confpicuous 
and  diftinguiftied  in  miniature. 

Nor,  2.  Is  it  material,  whether  th&  ideas  of  fenfible 
objeds  are  true  images  of  their  real  natures  : or  whe- 
ther the  objeds  be  only  the  ocCafions  of  producing 
thefe  ideas,  by  yirtue  of  an  arbitrary  law  of  God,  that 
fuch  a thought  in  the  foul  lhould  follow  fuch  a mo- 
tion in  the  body.  For  whatever  impreffion  fenfible 
objeds  occafion  in  us,  this  we  call  their  idea  ; it  being 
the  only  perception  of  them  we  are  capable  of,  and 
the  only  way  we  now  have  of  knowing  them.  And 
fuch  a way  it  is,  as  anfwers  ail  the  ends  of  knowledge 
in  this  life,  and  lays  a ground-work  fufficient  for  all 
that  knowledge,  which  is  neceflary  in  order  to  another. 

The  third  thing  proper  to  be  mentioned  is,  that,  to 
prevent  cpnfullon,  the  word  idea  is,  in  all  that  follows, 
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eonfined  to  the  images  we  have  of  fenfible  objects,  and 
the  various  alterations  of  them  by  the  underftanding. 
And  taking  the  word  in  this  fenfe,  the  mind  has  no 
idea  of  her  own  operations.  -For  thefe  are  originally 
within  us  themfelves,  and  fo  are  known  by  inward 
confcioufnefs ; not  as  outward  things  are,  by  any  fimi- 
litude  of  them,  conveyed  through  the  fenfes  to  the 
memory. 

, ' . f ' . - . : \ 

SECT.  II. 

• Of  the  Idea  of  Spirits . 

WHEN  we  obferve  fuch  effe&s  among  material 
things,  as  we  know  cannot  proceed  from  any 
inherent  power  in  them,  we  neceffarily  infer,  there 
are  fome  other  beings  not  material  which  have  the 
power  of  producing  thofe  effe&s : though  as  thefe 
beings  are  imperceptible  to  our  fenfes,  we  have  no 
idea  of  them.  " 

It  has  been  faid  indeed,  that  we  have  as  clear  an 
idea  of  fpirit,  as  we  have  of  body  ; and  to  prove  thist 
it  is  faid  farther,  that  we  conceive  thinking,  as  clearly 
- as  we  do  extenfion.  But  what  if  we  did?  A pure 
. fpirit,  if  we  fpeak  ftriftly,  does  not  think  at  all. 
Thinking  is  the  property  of  an  imbodied  fpirit,  as  re- 
quiring the  concurrence  of  material  organs,  and  being 
accordingly  ever  performed  more  of  lefs  to  advantage, 
as  thefe  are  better  or  worfe  difpofed.  They  are  foon 
relaxed  by  the  labour  of  thought  and  attention,  and 
muft  be  conftantly  wound  up  anew  by  reft  and  fleep* 
A diftemper  puts  the  whole  machine  out  of  frame, 
and  turns  our  fober  thinking  into  madnefs.  And  if 
the  veffels  of  the  brain  are  entirely  obftru&ed,  as  in  an 
apoplexy,  we  think  not  at  all.  How  then  can  we 
imagine,  that  a pure  fpirit  thinks  ? It  knows  indeed  $ 
but  we  cannot  tell  how  : to  be  fure,  not  by  playing 
upon  afet  of  material  fprings,  exquifitely  wrought  up 
into  curious  contexture  for  that  purpofe. 

It  is  becaufe  we  have  na  idea  of  a fpirit,*  that  we 
are  naturally  led  to  exprefs  it  by  a negative  j to  call  it 
an  immaterial  fubftance,  or  fometbing  that  is  not  mat- 
ter $ 
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ter ; fomething  that  is  not  any' thing  that  we  know} 

► which  forces  us  to  conceive  and  exprefs  it  in  this  im* 

perfect  mantlet. 

Yfet  it  h;ts  been  affirmed  farther  * that  we  hate  as 
clear  an  Idea  of  God  himfelf,  as  we  have  of  man  j 
and  that  we  are  as  ignorant  of  the  eflence  of  a man,  ; 
as  we  are  of  the  eflence  of  God  ! Do  we  not  then 
know,  that  it  is  eflential  to  man  to  be  finite  ? And 
have  we  not  a diftinCt  idea  of  Finitenefs  i But  who 
has  any  idea  of  Infinity,  the  eflential  attribute  of  God  ? 
»Tis  plain,  we  have  not : and  therefore  we  exprefs  it 
by  a negative,  “ Without  bound. ” .dr 

Properly  fpeaking,  we  have  no  ided  ®f  God.  We 
come  to  our  knowledge  of  his  very  exiftence,  notfrom 
any  idea  of  him,  but  from  our  reafoning,  upon  the  ^ 
works  of  the  vinble  creation.  And  hence,  for- want 
Of  a Ample  and  direft  idea,  we  form  an  indirect  and 
very  complex  notion  of  him. 

This  we  do  in  the  beft  manner  we  can,-  by  removing 
from  him  all  the  imperfections  of  the  creatures,  and  at* 
tributingto  him  all  their  perfections,  efpeci ally  thofe  of 
our  own  minds,  Yet  in  truth,  even  thele  cannot  be  iup- 
pofed  to  be  in  God,  as  they  are  in  us.  And  therefore, 
we  are  faid  to  afcribe  them  to  him  only  in  the  abftraCti 
which  is  faying  in  other  words,-  that  they  aie  of  a dif* 
ferent  fpecies  in  the  Greater,  from  what  they  are  in  the 
creature. 

Accordingly,  that  there  are  incomprehenfible  per* 
feCtions  in  Godr  anfwerabie  to  knowledge  and  power 
in  man,  whereof  thefe  are  only  the  faint,  though  true, 
refemblances,  is  natural  and  eafy  to  conceive.  But  the 
conceiving  his  power  as  an  ability  to  change  things  in-  . 
finitely,  his  knowledge  as  only  infinite  thinking  5 the 
multiplying  and  enlarging  our  own  perfections  in  num- 
ber or  degree  only,  to  the  utmoft  ftretch  of  our  capa- 
city, and  attributing  them  fo  enlarged  to  God,  is  no 
more  than  railing  up  an  unwieldy  idol  of  our  own  ima- 
gination, without  any  foundation  in  nature.  / 

The  fum  is  this.  We  have  no  idea  of  God,  as  he  is 
in  himfelf.  For  want  of  one,  we  frame  the  beft  con- 
ception we  can,  by  putting  together  the  perfections  of 
the  creatures,  particularly  thofe  we  obferve  iu  ourfelves,  * 
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to  ftand  for  his  perfe&ions : not  grofsly  inferring, 
that  God  is,  in  effect,  fuch  an  one  as  ourfelves ; but, 
concluding,  that  our  greateft  excellencies  are  the  apteft 
reprefentatiops  of  his  incompreheniibie  perfections, 
though  thefe,  infinitely  tranfcend  the  moft  exalted  of . 
what  are  in  any  created  beings,  and  are  far  above,  out 
of  die  reach  of  all  human  imagination.  So  true  it  is, 
that,  though  it  may  be  juftly  affirmed,  we  can  have  no 
knowledge  without  ideas,  yet  it  is  moft  unjuft  and  ab- 
furd  to  infer  thence,  that  we  can  have  no  knowledge 
beyond  them, 

SECT.  IIL 

i ’ • ' * * 

The  Properties  of  Ideas  of  Sensations . 


S INCE  then  the  ideas  of  fenfation  are  the  founda- 
tion, and  rough  materials,  of  all  even  our  moft 
abftraCted  knowledge,  (opt  of  which  every  manraifes 
a fuperftrufiture,  according  to  the  different  turn  of 
diofe  organs,  that  are  more  immediately  fubfervient  to 
the  operations  of  the  underftanding,  and  the  different 
ways  }n  which  he  employs  thole  operations ;)  it  will 
be  convenient  to  fay  fomething  concerning  the  proper- 
ties of  thefe  ideas. 

“'/  Their  firft  property  is,  that  they  are  original.  We 
receive  them  from  our  firft  coming  into  the  world, 
without  any  immediate  concurrence  of  the  underftand- 
ing, antecedently  to  any  of  its  operations.  The  foul, 
till  thefe  are  received,  is  wholly  inactive,  and  cannot 
fo  much  as  form  one  thought.  Thefe  ideas  are,  in 
refpect  of  our  fubfequent  notions,  like  the  firft  particles 
of  matter  in  refpeCt  to  the  things  compounded  of  them. 
They  run  through  infinite  changes,  as  the  mind  works 
upon  them ; yet  in  themfelves  remain  unchangeable. 
And  as  our  compound  notions  are  made  out  of  thefe, 
fo  are  they  all  ultimately  refolvible  into  them. 

Ideas  of  fenfation  are  by  this  property  diftinguiflied, 
1.  From  fuch  ideas,- as  are  fuppofed  to  be  innate, 
and  antecedent  to  the  impreffion  of  any  outward 
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That  we  have  no  fuch  ideas,  fufficlently  appears 
even  from  hence,  that  we  have  no  occafion  for  them. 
We  have  no  occafion  for  innate  ideas  of  fenfible  ob- 
jects, becaufe  there  is  an  obvious  Way  of  obtaining 
them  by  the  fenfes.  ! And  as  to  our  knowledge  of  fpi- 
ritual  things,  as  it  cannot  be  accounted  for  by  innate 
ideas,  fo  it  eafily  may  be  accounted  for  without  them. 
The  rile  and  whole  extent  of  this  knowledge  is  eafily 
accounted  for,  from  die  ideas  we  have  of  fenfible  ob- 
jects, the  neceflary  confequence  we  draw  from  their 
exiftence,  to  the  existence  of  things  not  fenfible,  and 
from  that  manner  of  conceiving  thefe,  which  we  na- 
turally fall  into,  by  the  help  and  mediation  of  fuch 
things,  as  are  within  our  prefent  fphere. 

2.  From  fuch  ideas  as  are  fuppofed  to  be  acquired 
*>y>  and  feated  in  the  underftanding,  to  be  the  ground- 
work of  our  knowledge  of  fpiritual  things,  as  others 
are  of  our  knowledge  of  things  material.  Now,  if 
there  were  any  fuch  ideas,  we  mud  acquire  them  one 
of  thefe  ways  : either, 

Fir  ft.  By  the  prefence  of  the  object  itfelf,  and  its 
immediate  impreffion  on  fome  faculty  difpofed  to  re- 
ceive and  retain  the  impreffion.  But  every  one  may 
be  confcious,  that  immaterial  objects  were  never  fo 
prefent  to  any  faculty  of  his  mind,  as  to  imprint  and 
leave  upon  it  any  juft  and  real  limilitude  or  refem* 
blance  of  themfelvesL  Or, 

Secondly,  Thefe  ideas  muft  proceed  from  the  im- 
mediate power  of  God.  That  he  can  impregnate  the 
mind  with  them,  is  certain.-  But  how  is  it  proved, 
that  he  does  ? If  ever  he  does,  it  is  by  an  extraordi- 
nary, fupernatural  act.  Whereas  we  are  now  fpeak- 
ing  of  what  our  perceptions  are,  in  the  ordinary  way  of 
nature.  Or, 

Thirdly,  The  mind  has  a power  of  railing  up  to  it- 
felf  ideas  of  things,  whereof  it  can  have  no  actual 
view,  of  obje<5ts  which  have  no  communication  with 
any  of*  our  faculties.  But  if  it  cannot  form  one 
idea  of  any  material  object,  without  the  a<ftual  pre- 
sence of  it,  much  lefs  can  it  frame  ideas  of  immaterial 
objects,  without  their  immediate  prefence. 

Perhaps  the  power  of  railing  up  to  itfelf  ideas, 

without 
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without  the  prefence  or  impreffion  of  any  object,  Is  the  / 
privilege  - of  the  Divine  Mind,  anfwerable  to  that  of 
creation.  But  the  power  of  our  mind  in  the  little 
world,  is  much  the  fame  with  that  of  the  whole  man. 
in  the  greater.  ; It  is  as  impoflible  for  it  to  raife  up  to 
itfelf  any  new  idea,  independent  of  all  fenfation,  as  it 
is  for  a man  to  add  one  particle  to  the  common  mafs  of 
matter. 

A fecond  property  of  an  idea  of  fenfation  is,  that  it. 
is  Ample  : by  which  I mean,  that  it  is  an  appearance,, 
which  cannot  be  refoived  into  more  than  one  of  the, 
fame  kind. 

Simple  ideas  are  generally  confined  within  too  nar- 
row a compafs.  For  not  only  thofe  of  founds,  fmellsr 
, taftes,  colours,  andtangible  qualities,  are  fimple,  but 

the  ideas  of  all  fingle  bodies;  All  that  ftrikes  the 
fenfe  at  once,  is  to  be  accounted  a fimple  idea.  For 
you  cannot  divide  the  idea  you  have  of  any  one  body, 
into  the  idea  of  more  bodies  than  one;  tho_ugh  it  may, 
be  fubdivided  into  the  ideas  of  the  feveral  parts  of  that 
body. 

By  this  property,  ideas  of  fenfation  are  diftin- 
guifhed, 

1.  From  the  various  alterations  and  combinations  of 
them  made  by  the  mind.  The  mind  cannot  indeed 
dellroy  any  of  thefe  ideas,  any  more  than  it  could 
create  them.  But  it  alters,  enlarges  or -diminiihes; 
them:  it  feparates  and  tranfpol'es  them;  and  thus  is- 
furnifhed  with  a new  fet  of  ideas  from  within,  as  well 
as  with  fimple  ones  from  without.' 

2.  From  thofe  notions,  which  the  underftanding: 
forms  out  of  fimple  and  complex  ideas,  confidered  to- 
gether with  the  various  operations  of  the  underftand- 
ing upon  them.  Such  is  the  notion  we  form  of  mod 
virtues  and  vices : each  of  which  is  apprehended  by 
ideas  of  fenfation,  and  the  a&ion  of  the  mind  upon 
them  put  together  into  one  complex  conception. 

A third  property  of  ideas  of  fenfation  is,  that  they 
are  direct  and  immediate.  Thefe  original,  fimple 
ideas  necelfarily  prefuppofe  the  prefence  of  the  objedl, 
and  its  aftual  impreffion  on  the  fenfe  s whence  follows 
a direft  and  immediate  reprefentation  of  it,  without 

the 


f 


S’ 


( 24-0  ) 

the  intervention  of  any  thing  elfe.  Thus  we  could 
not  have  had  the  idea  of  a tree*  if  the  eye  had  not 
actually  feen  it ; nor'of  a trumpet’s  found,  if  fome  of 
the  undulating  air  had  not  actually  ftruck  upon  the 

*By  this  property,  ideas  of  fenfation  are  diftin- 

guillicd)  4 - 

1.  From  the  ideas  we  have  of  thoie  objedts  of  the 
fame  kind,  which  we  never  actually  perceived.  Thus 
the  idea  of  a man  we  have  feen,  is  put  for  a man  we 
never  faw : having  no  way  of  conceiving  of  a man  that 
was  never  prefent,  but  by  fubftituting  for  him  the  idea 

of  one  that  was.  - ^ ; 

2.  From  all  conceptions  of  things,  which  are  purely 
metaphorical.  There  are  two  forts  of  metaphor,  hu- 
man and  divine. 

Divine  metaphor  is  the  fubftituting  our  ideas  of  fen- 
fation, which  are  diredt  and  immediate  with  the  words 
belonging  to  them,  for  the  things  of  heaven,  of  which 
we  have  no  diredl  idea,  or  immediate  conception ; as 
when  God’s  knowledge  is  expreffed  by  his  being  in- 
every  place,  his  power,  by  a ftrong  hand. 

Divine  and  human  metaphor  agree  in  this,  that  the 
words,  figuratively  transferred  from  one  thing  to  ano- 
ther, do  not  agree  with  the  things  to  which  they  are 
transferred,  in  any  part  of  their  literal  fenfe.  So 
hands  and  eyes,  when  applied  to  God,  are  not  fpoke 
in  any  part  of  their  literal  fignification : as  neither  is 
the  word  fmiling,  when  applied  to  the  verdure  of  a 
field. 

They  differ  in  this,  that  in  human  metaphor  the 
things,  for  which  the  figurative  words  are  fubftituted, 
may  be  as  immediately  and  diredtly  known,  as  the 
ideas  placed  in  their  ftead.  But  in- divine  metaphor, 
only  the  fubftituted  ideas  are  direct  and  immediate. 
We  have  no  diredl  or  immediate  conception  of  the 
things  they  are  fubftituted  for. 

3.  From  all  conceptions  of  things,  which  are  purely 
analogical.  Divine  analogy  is  the  fubftituting  words, 
that  exprefs  our  ideas,  for  heavenly  things,  whereof 
we  have  no  ideas.  Thus  far  it  agrees  with  metaphor : 
but  here  lies  the  effential  difference.  Metaphorical 
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■words  are  fpoke  of  heavenly  things,  in  no  part  of 
their  proper  fenfe : analogical,  in  fome  part  of  it, 
though  not  the  whole.  So  the  word  hand  is  fpoken  of 
God  metaphorically  : for  he  has  no  hand  of' any  fort 
whatever.  The  word  power  is  fpoken  of  him  analo- 
gically  : for  he  has  fome  fort  of  power,  though  of.  a 
quite  different  fort  from  ours. 

The  true  nature  of  our  prefent  knowledge  of  divine 
things*  is  by  the  apoftle  very  aptly  defcribed  by  our 
feeing  in  a glafs  darkly,  or  in  a mirror,  in  an  obfcurft 
reprefentation.  To  Ihew  the  aptitude  and  fignificancy 
of  which  expreffions,  I fliall  obferve  two  things : 

1.  That  a glafs  exhibits  to  us  nothing  of  the  fub-  / 
ftance  of  the  thing  reprefented  in  it : the  limilitude 
therein1  having  no  more  of  the  efience  of  the  thing  it- 
felf,  than  a mere  ftiadow.  Yet  we  cannot  fay,  but  • 
there  is  a real  likenefs  of  the  fubftance  in  the  airy 
form.  There  is  fuch  a proportion  between  them,  that 
the  idea  of  a face  we  never  faw,  but  in  a glafs,  is  a 
juft  one,  and  may  well  be  fubftituted  for  the  face  it- 
felf,  of  which  it  gives  fome  real  knowledge. 

• Thus  as  to  thofe  conceptions,  which  ftand  in  out 
minds  to  reprefent  fpiritual  things,  though  the  thing* 
they  ftand  for  are  of  quite  another  fort,  and  though 
thefe  fubftitutes  are  no  more  in  refpeft  of  them,  than 
a fleeting  appearance  in  the  glafs  is  to  the  man  repre- 
fented by  it ; yet  there  may  be  fuch  a proportion  be- 
tween them,  as  to  make  our  conceptions  of  naturaf 
things  juft  reprefentations  of  things  fupernatural.  So 
that  the  knowledge  we  have  of  them  is  true,  and.  our 
reafonings  upon  them  fubftantial,  as  long  as  they  are 
kept  within  the  due  compafs  of  thofe  reprefentation*. 
For  then  it  is,  that  men  run  into  abfurdity,  concerning 
fpiritual  things,  when,-  not  content  with  this  analogi- 
cal knowledge,  they  argue  from  things  natural  to  the 
intrinsic  nature  of  the  fupernatural,  and  fuppole,  that 
what  is  affirmed  of  thefe  reprefentations  only,  is  lite- 
rally, true  of  the  things  they  reprefent. 

The  fecond  thing  I would  obferve  concerning  this 
phrafe  is,  that  in  all  inftances  we  ufe  the  fame  expret- 
iions,  by  which  we  exprefs  the  things  themfelves,  for 
their  appearances  in  the  glafs.  And  indeed  julllyt 
Vol.  IV.  - Ju  for 
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for  though  there  is  nothing  of  the  read  nature  of  the 
objefts,  in  thofe  appearances,  yet,  feeing  there  is  fuc.h 
a proportion  between  them,  the  fame  words  aptly  ierve 
for  both.  So  we  fay,  we  fee  a man  in  the  glais,  or 
the  .fun  or  moornin  the  water,  when  we  fee  only  an  ap- 
pearance, which  has  nothing  of  the  real  nature  ol  a 
man,  or  the  fun  or  .moon.  And  there  is  fucn  a pro- 
portion between  the  object  and  its  appearance,  as  would 
live  us  fome  idea  of  it,  though  we  had  never  feen  it, 

butinaglafs,  or  in  the -water.  ■ _ . . . 

By  what  has  been  already  faid,  analogy  in  genera 
may  be  eafily  diftinguilhed  from  metaphor.  But  be- 
caufe  the  diftintfion  between  this  and  divine  analogy 
'.is  of  fo  great  importance,  I {hall  fet  the  difference  Be- 
tween thefe  two  in  a clearer  and  oppofite  light. 

Metaphor  exprelfes  an  imaginary,  analogy  a real 
correfpondence : .metaphor  is  no  more  than  an  a u- 
fion:  analogy,  a fubftitution  of  ideas  and  conceptions. 
The  intention  of  metaphor  is  only,  to  exprefs  more 
.emphatically  fomething  known  more  exatfly  betore 
the  intention  of  analogy,  to  inform  us  of  mmetrnng, 
which  we  could  not  have  known  without  it.  Metaphor 
ufes  ideas  of  fenfation  to  exprefs  things,  whereto  they 
have  no  real  refemblance : analogy  fubftitutes  our  no- 
tions and  complex  conceptions  for  things,  with  which 
they  have  a real  correfpondence.  To  conclude.  Words 
. applied  metaphorically  are  not  under  hood  in  any  part 
of  their  proper  fenfe  : analogical  words  are  underltood 
in  a part,  though. not  .the  whole  of  their  .literal 
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CHAP.  n. 


SECT,  I. 


Of  the  pure  Intellect  and  its  Operations . 


HAVING  hitherto  confidered  the  ideas  of  fenla- 
tion  as  the  only  materials  the  mind  of  man  has 
to  work  upon,  1 come  to  treat  of  the  mind  itfelf,  or 
the  Pure  Intellect.  I do  not  mean  by  this,  the  imma- 
terial part  of  us,  nor  yet  the  moil  refined  and  exqui- 
fite  parts  of  the  body,  which  are  immediately  fubfer- 
vient  to  its  nobler  operations ; but  both  of  thefe  ope- 
rating together  in  effential  union. 

Our  prefent  knowledge  is  gradually  performed,  by 
the  concurrent  motion  of  fome  bodily  part  within  us$ 
which  is  the  caufe  of  that  wearinefs  we  feel,  after 
long-continued  thinking.  We  fhould  never  be  tired 
with  this,  if  the  pure  fpirit  could  reafon  independently 
of  all  material  organs.  But  experience  (hews  us,  the 
cafe  is  otherwife : we  find  it  a labour  to  the  brain,  and 
feel  ourfelves  as  much  wearied  with  intenfe  thought,- 
as  with  hard  bodily  labour : having  premifed  this  of 
them  in  general,  I proceed  to  confider  the  particular 
operations  of  the  inteliefl,  which  prefoppofe  fenfation, 
and  contain  the  whole  procefs  and  utmoft  extent  of 
human  underftanding. 

The  firft  of  thefe  is  a Ample  view  or  furvey  of  the 
ideas  of  fenfation,  juft  as  they  lie  in  the  memory.  This 
the  Logicians  have  rightly  termed  fimple  apprehen- 
fion ; but  they  generally  confound  it  with  pure  fenfa-  , 
tion,  whereas  it  is  eafy  to  obferve  thefe  effential  differ 
rences  between  them.  1.  In  fimple  apprehenfion  the 
mind  is  often  adtive,  in  fenfation  always  paffiye : 2. 
Simple  apprehenfion  prefuppofes  fenfation,  and  is  al- 
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.'Ways  fubfequent  to  it : 3.  By  fenfation  the  mind  re- 
ceives ideas  ; by  iimple  appreheniicn  Hie  furveys  thofe 

already  received.  ' 

The  fecond  operation  of  the  intellect  on  the  ideas 
of  fenfation  is  judgment.  This  may  be  divided  into 
feveral  fpecies;  the  molt  confiderable  of  which- are 
thefe  that  follow. 

1.  The  feparating  our  ideas  from  each  other,  and 
ranging  them  under  diftindt  heads. 

2.  The  comparing  them  with  each  other,  and  ob- 
ferving  their  agreements  or  difagreements. 

3.  The  enlarging  or  diminishing  them.  So,  we  can 
enlarge  the  idea  wre  have  of  a tree,  to  any  fize,  even 
to  reach  the  clouds  ; or  diminish  it  in  our  thoughts, 

. till  we  reduce,  it  to  what  it  was  in  its  firit  principle  or 
vieed. 

’ ,4.  The  dividing  or  compounding  them.  So  we  di- 

vide any  fimple  idea  into  its  feveral  parts,, or,  compound 
the  ideas  of  ieveral  houfes,  to  make  up  t-nat  of  a city. 
AH  thefe  fpecies  of  judging  are  peculiar^  men,  and 
not  enjoyed  by  brutes  in  any  degree.  - 

Another  aft  of  the  intellea,  generally  reduced  to 
•judgment,  is  ab-ftraftion.  This  fome  fuppofe  to  be 
performed,  by  drawing  the  mind  off  from  all  ideas  of 
fenfation,  from  all  compofitions  of  them,  and  from  all 
complex  notions,  in  order  to  form  ideas  of  incorpoieal 
beings.  But  it  may  be  doubted,  whether  this  be  prac- 
ticable in  our  prefent  ftate. 

- The  true  abftraSion  feems  to  confift,  notin’  forming 
ideas  independent  on  fenfation,.  but  :in  fubflituting  the 
only  notions  we  have,  which  are  natural,  eafy,  and  fa- 
miliar, to  reprefent  thofe  fupernatural  things,  of  which 
otherwife  we  can  have  no  notion ; in  ti  ansterring -our 
thoughts  from  the  literal  propriety  of  the, words,  by 
which  we  exprefs  them,  to  that  analogical  fignification, 
whereby  they  are,  as  it  were  fpiritpalized.  This  feems 
1 to  be  the  only  abftradtion  we  are  capable  of,  with  re- 
gard to  things  fpiritual.  And  this  is  fo  far  from  being 
independent  on  fenfation,  and  the.-opeiations  of  the  in- 
tellea, that  we  can.no  otherwife  think  or  fpeak  of  inch 
objects,  than  in  thefe  worldly  and  human  . fym  hols  * 

and  that,  if  we  ab  If  raft  from  thefe,  weabftratf  from 
^ • ■ all 
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all  thought  of  heavenly  beings,  and  can  have  neither 
names  nor  ideas  for  them. 

What  has  been  hitherto  faid  of  the  operations  of  the 
intellect,  relates  only  to  ideas  of  fenfation.  Therefore 
it  is  proper  to  obferve  here,  that  the  fame  operations 
are  likewife  exercifed  upon  all  our  alterations  and 
compofitions  of  them.  When  the  memory  is  once  fur- 
nilhed  with  thofe  voluntary  alterations  and  combina± 
tions  of  fimple  ideas,  the  mind  has  the  fame  full  power 
over  them,  as  over  the  ground-work  of  them  ; name- 
ly, that  of  fimple  apprehenfion,  and  of  judgment  in 
all  its  branches.  And  the  fame  arbitrary  fway  it  has'* 
Over  all  the  complex  notions  and  conceptions,  whicli 
are  formed  out  of  thofe  fimple  or  complex  ideas,  con-  • 
fidered  together  with'-the  operations  of  the  intellect  Up- 
on them.'  ; 

Before'  we  clofe  this  head  of  judgment,  it  is  worth"' 
while  to  take  particular  notice  of  that  fpecies  of  one 
of  its  branches,  comparing,  which  is  diftinft  from  all 
the  reft,  and  is-'  commonly  -called  relation.  This  is  that 
a <ft  of  the  mind,  whefeby  it  confiders  the  dependencies 
of  things  on  each  other.  I (hall  dwell  on  it  no  longer*- 
than  is  neceflary  fo  fljew'the  procedure  of  the  under- 
ftanding,  in  attaining  knowledge. ' 

Firft,  When  we  confrder  the  relations  offenfible  ob-> 
je<fts  to  each  other,  as  they  are  in  their  own  nature, 
without  any  refpeft  which  they  bear  to  our  underftand- 
ing,  hence  opens  a fpacious  field  of  knowledge ; that 
tif  natural  caufes  and  effefts,  of  the ' manner  wherein 
natural  things  aft  upon,  or  fuffer  from,  each  other  r 
in  ftiort,  of  their  influencing  one  another  numberlefs 
ways : and  this  is  Natural  PKilofbphy. 

Secondly,  From  ©ur  ideas  of  fenfation,  we  infer 
the  exiftence  of  tliofe  outward  objefts,  that  occafion 
them  in  us.  And  from  the  exiftence  of  thefe  we  infer 
a firft  caufe  of  all  things,  eternal,  and  neceflarily  ex- 
ifting.  Hence  again  we  have  the  knowledge  of  the 
relation  he  bears  to  us,  as  Our  Creator  and  our  Pre- 
ferver.  From  thefe  relations  flow  all  the  duties  of 
piety;  fuch  as  love,  reverence,  praife,  and  prayer. 

Again.  - When  we  confider  the  relation  we  bear  to 
Our  fellow-creatures,  of  the  fame  nature  and  degree 
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in  this  world,  hence  we  come  to  be  fen  Able  of  our  ob* 
ligations  to  juttice  and  humanity.  And  when  we  dif- 
tinguifh  thefe  by  particular,  nearer  relations,  fuch  as 
parent  or  child,  fervant  or  matter,  hence  we  deduce 
all  the  duties  neceflary  to  the  well-being  of  the  whole 
kind,  and  of  every  individual.  , 

..  Laftly,  When  we  confider  the  relation  we  bear  to 
•urfelves,  the  regard  every  man  ought  to  have  for  his 
©wn  happinefs  ; hence  we  may  infer  all  thofe  duties, 
that  naturally  tend  to  promote  the  good  either  of  our 
body  or  mind.  And  all  comprehended  under  this  fe« 
cond  head,  is  properly  natural  religion.  For  the  fane- 
tion  of  this,  and  to  ttvew  the  tendency  of  its  precepts  to 
«ur  future  happinefs,  the  underftanding  proceeds  thus. 
From  the  unequal  diftribution  of  rewards  to  thole, 
who  obferve  them,  and  of  punifhments  to  thofe,  who 
tranfgrefs  them  in  this  life,  fo  evidently  inconfiftent 
with  the  goodnefs  and  juftice  of  an  All-perfeCl  Being, 
we  infer  the  necefiity  of  future  rewards  and  puniln- 
S^ents,  and  confequently  the  immortality  of  human 
fouls. 


SEC  T.  II. 


Of  the  different  Kinds  of  Knowledge  and 

Evidence. 


IT  being  a matter  of  the  utmoft  confequence  to  the 
right  procedure  of  the  intellect,  to  ftate  the  feve« 
ral  kinds  of  knowledge,  as  well  as  the  degrees  of  it  in  - 
each  kind,  which  can  admit  of  any,  I ilia.ll  obferve, 
that  there  are  three  kinds  of  knowledge,  and  as  many 
kinds  of  evidence,  on  which  they  are  built. 

The  firft  is  that  we  have  from  our  fenfes,  which  con- 
fifts  in  an  intellectual  view  of  the  ideas  tranfmitted 
through  them  to  the  memory.  This  is  a knowledge 
direCt,  immediate,  and  intuitive,  and  carries  in  it  the 
higheft  certainty.  Confequently,  it  admits  of  no  proof 
from  reafon  : for  all  fuch  proof  has  lefs  of  perfpicuity 
and  certainty,  than  that  which  it  already  contains  in 
its  own  nature.  This  is  a knowledge,  which  admits 
qf  no  degrees  of  evidence ; for  all  fenfation  is  in  itfelf 
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equally  certain,  and  the  evidence  o£  all  the  fenfes  is 
equally  clear,  with  refpeft  to  their  proper  objefts. 
When  the  fenfition  is  regular,  and  perfect,  the  affent 
of  the  intellect  neceffarily  follows  all  at  once  ; though 
in  a manner  quite  different  from  demonstration,  which 
extorts  it  by  intermediate  proof.  Not  that  it  yields  to 
the  cleareft  demonilr  ition,  when  the  organ  is  rightly 
difpofed,  and  exercifed"  upon  its  proper  objedt,  at  a 
juft  diftanfce,  and  in  a due  medium;  Againft  fenfitive 
knowledge,  reafou  can  never  interpofe,  unlefs  there  is 
a fufpicion1  of  failure  in  the  adt  of  fenfation.  Nor 
does  it  inquire  then?  whether  the  evidence  of  fenfe  be 
true;- but  whether  it  be  truly  the  evidence  of  fenfe. 
So  that  to  argue  againft  the  evidence  of  fenfe,  is  to 
oppofe  the  evidence*  of  reafoti;  to  what  in  its  nature 
admits  of  no  reasoning  at  all.  * 

And  highly  neceffary  it  wa?,*that  this'  evidence  of' 
fenfe  fhould  be  fo  immediate;  clear,  and"  undoubted,^ 
becaufe  it  is  the  foundation  of  all  knowledge,  human ; 
and  divined  Ife  their  the  truth*  of  this  admitted  of 
any  doubt,  or  were  capable  of  any  proof,  we  (hould 
wander  about  in  endlefs  fcepticiim,  without  the  leaft 
certainty  in  any  thing*  For  no  proof  for  it  could  be 
more  evident,  than  that  whichit  was  brought  to  prove, ' 
and  would  therefore  itfelf  require  another  proof ; and* 
fo  on,  with  endlefs  confufiomv> 

A fecond  kind  of  knowledge  is  that  we  have  from 
felf  confcioufnefs;  We  come  to  the  knowledge  of 
things  without  us,  by  the' mediation  of  their  ideas;* 
but  we  are  immediately  confciousof  what  paffes  in  our 
own  minds,  without  the  intervention  of  any  idea. 
Thus  we  have  a knowledge  of  all  the  faculties  of  our 
foul,  very  different  from  fenfitive  knowledge;  though 
we  have  no  degree  of  it  antecedent  to  the  exercife  of 
thofe  faculties  upon  the  ideas  of  fenfation:  as  we 
{hould  have  had  no  knowledge  of  our  bodily  motions* 
if  the  parts  had  not  been  actually  moved. 

Though  this  kind  of  knowledge  be  more  complex1**, 
k is  equally  certain  with  that  we  have  from  fenfation. 
The  affent  as  neceffarily  follows  upon  confcioufnefs  : 
indeed  it  falls  in  with  it.  The  confcioufnefs  itfelf  is 
the  very  affent  i nor  can  they  be  diftinguiflied  even  in 

thought. 
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in  this  world,  hence  we  come  to  be  fenfible  of  our  ob- 
ligations to  juftice  and  humanity.  And  when  we  dif- 
tinguiih  thefe  by  particular,  nearer  relations,  fuch  as 
parent  or  child,  fervant  or  matter,  hence  we  deduce 
all  the  duties  neceflary  to  the  well-being  of  the  whole 
kind,  and  of  every  individual.  , 

..  Laftly,  When  we  confider  the  relation  we  bear  to 
•urfdves,  the  regard  every  man  ought  to  have  for  his 
own  happinefs  ; hence  we  may  infer  all  thofe  duties* 
that  naturally  tend  to  promote  the  good  either  of  our 
body  or  mind.  And  all  comprehended  under  this  fe- 
cond  head,  is  properly  natural  religion.  For  the  fane- 
tion  of  this,  and  to  lhew  the  tendency  of  its  precepts  to 
®ur  future  happinefs,  the  underftanding  proceeds  thus. 
From  the  unequal  diftribution  of  rewards  to  thole* 
who  obferve  them,  and  of  punilhments  to  thofe,  who 
tranfgrefs  them  in  this  life,  & evidently  inconftftent 
with  the  goodnefs  and  juftice  of  an  All-perfedl  Being* 
we  infer  the  neceflity  of  future  rewards  and  puniln- 
p^ents,  and  confequently  the  immortality  of  human 
fouls. 

1 SEC  T.  II. 

i ..  r * • * - 

V ••  ' ^ ' ' * . , 

Of  the  different  Kinds  of  Knowledge  and 

Evidence. 

IT  being  a matter  of  the  utmoft  confequenee  to  the 
right  procedure  of  the  intelledl,  to  ftate  the  leve- 
ral  kinds  of  knowledge,  as  well  as  the  degrees  of  it  in 
each  kind,  which  can  admit  of  any,  I lba.ll  obferve, 
that  there  are  three  kinds  of  knowledge,  and  as  many 
kinds  of  evidence,  on  which  they  are  built. 

The  firft  is  that  we  have  from  our  fenfes,  which  con- 
lifts  in  an  intelleftual  view  of  the  ideas  tranfmitted 
through  them  to  the  memory.  This  is  a knowledge 
direct,  immediate,  and  intuitive,  and  carries  in  it  the 
higheft  certainty.  Confequently,  it  admits  of  no  proof 
from  reafon  : for  all  fuch  proof  has  lefs  of  perfpicuity 
and  certainty,  than  that  which  it  already  contains  in 
its  own  nature.  This  is  a knowledge,  which  admits 
qf  no  degrees  of  evidence : for  all  fenfation  is  in  itfelf 
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equally  certain,  andy  the  evidence  o£  all  the  fervfes  Is 
equally  clear,  with  refpedt  to  their  proper  obje&S. 

When  the  fenfation  is  regular,  and  perfect,  the  aflent 
of  the  intellect  neceffcmly  follows  all  at  once  ; though 
in  a manner  quite  different  from  demonftration,  which 
extorts  it  by  intermediate  proof.  Not  that  it  yields  to 
the  cleared  demonilr  ition,  when  the  organ  is  rightly 
difpofed,  and  exercifed*  upon  its  proper  object,  at  a 
jull  diftance,  and  in  a due  medium;  Againft  fenfitive 
knowledge,  reafou  can  never  inter pofe,  unlefs  there  is 
a fufpicion1  of  failure  in  the  a<5t  of  fenfation.  Nor 
does  it  inquire  then,1  whether  the  evidence  of  fenfe  be 
true;- but  whether  it  be  truly  die  evidence  of  fenfe. 

So  that  to  argue  agarnlt  the  evidence  of  fenfe,  is  to 
oppofe  the  evidence*  of'  reafoti;  to  what  in  its  nature 
admits  of  no  reafoning  at  all.  • 

And  highly  neceifary  it  wasythat  this  evidence  of 
fenfe  fhould‘  be  fo  immediate;  clear,  and"  undoubted^ 
becaufe  it  is  the  foundation  of  all  knowledge,  human ; 

and  divine."  If  their  the  truth*  of  this  admitted  of 

^ ^ 

any  doubt,  of  were  capable  of  any  proof,  we  (hould 
wander  about  in  endlefs  fcepticifm,  without  the  lead 
certainty  in  any  thing*  For  no  proof  for  it  could  be 
more  evident,  than  that  which  it  was  brought  to  prove,- 
and  would  therefore  itfelf  require  another  proof;  and- 
fo  on,  with  endlefs  confufion.' 

A fecond  kind  of  knowledge  is  that  we  have  from 
felf  confcioufnefs.-  We  come  to  the  knowledge  of 
things  without  us,  by  the  mediation  of  their  ideas 
but  we  are  immediately  confciousof  what  pafles  in  our 
own  minds,  without  the  intervention  of  any  idea.  j 

Thus  we  have  a knowledge  of  all  the  faculties  of  our 
foul,  very  different  from  fenfitive  knowledge;  though 
we  have  no  degree  of  it  antecedent  to  the  exercife  of 
thofe  faculties  upon  the  ideas  of  fenfation:  as  we 
ftiould  have  had'  no  knowledge  of  our  bodily  motions, 
if  the  parts  had  not  been  actually  moved. 

Though  this  kind  of  knowledge  be  more  complex,-, 
k is  equally  certain  with  that  we  have  from  fenfation. 

The  aifent  as  neceffarily  follows  upon  confcioufnefs  : 
indeed  it  falls  in  with  it.  The  confcioufnefs  itfelf  is 
the  very  affertf  ; nor  can  they  be  diftinguifhed  even  in 

thought. 
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thotight.  When  this  internal  fenfatlon  is  truly  natu- 
ral, we  are  never  deceived  in  this  article  of  knowledge* 
And  this  alfo  is  fo  clear  and  diftind,  that  it  admits  of 
no  proof  from  reafon.  So  that  neither  can  this,  any 
more  than  the  former,  be  called  demonftration : fince, 
like  that,  it  is  fo  immediate  and  intimate  to  us,  that 
nothing  can  increafe  its  evidence!  And  for  a man  t© 
argue  away  any  in  fiances  of  this  knowledge,  or  to 
deny  their  certainty,  is  no  lefs  abfurd,  than  to  contra* 
did  the  clear  perceptions  of  external  feiife.  Only  it  is 
to  be  obferved,  that  all  here  faid  of  this  knowledge* 
is  faid  of  the  firft,  immediate,,  internal  perceptions  j 
not  of  any  farther  obfervations,  made  upon  them  by 
the  intelled,  or  of  any  dedudions  afterwards  drawn 

concerning  them.  # t / * 

Thefe  two  kinds  of  knowledge  are  immediate*  and 
confequently  a fort  of  intuition } entirely  different  from 

which  is,  .... 

The  third  kind  of  knowledge,  reafoning,  which  i* 
mediate,  and  wholly  acquired  by  dedudion,  by  the 
cxercife  of  that  one  operation  of  the  mind,  illation  or 
confeqUence.  This  we  may  fubdivide  into  different 
fpecies,  according  to  the  different  manner  of  the  intel* 
led’s  procedure,  in  making  its  dedudions. 

The  firft  fpecies  is  fcience  or  demonftration,  which 
appears  cleared  in  the  fyllogiftic  form  5 by  applying  a 
common  meafure  to  two  extremes,  which  have  an  in- 
fallible connexion  with  it.  So  that  the  conclufion-  fol- 
lows by  an  abfolute  certainty,  and  compels  the  aflent. 
And  the  knowledge  is  as  infallible,  as  the  dired,  clear 
perception  of  fenfation,  or  confcioufnefe. 

The  fecona  fpecies  of  it  is  moral  certainty*  the  ut- 
moft  degree  of  which  is  neareft  to  demonftration.. 
This  knowledge  is  acquired  by  proofs,  that  have  only 
an  undoubted  connexion  with  the  two  extremes.  The 
force  of  this  every  plain  underftanding  perceives  ; and 
it  rarely  requires  the  fyllogiftic  form,  unlefs  for  the 
confuting  perverfe  oppofers.  The  arguments  for  it  are 
deduced  from  all  kinds  of  knowledge  : but  fiill  the  af- 
fent  is  free;  and  the  will  has  a great  (hare  in  pro- 
moting or  hindering  it.  And  hence  it  comes,  that 

there 
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there  is  room  for  paffion  and  prejudice  of  all  forts,  ti 
interpofe  and  bias  the  intellect. 

We  ought  not  therefore  to  call  the  evidence  of  moral 
truths,  by  the  name  of  demonflration.  It  is  true, 
both  mathematical  and  moral  truths  arfe  founded  on 
the  ftrongeft  proofs.  Yet  they  admit  not  of  the  fame 
fort  of  proof,  nor  indeed  are  they  capable  of  it. 

Becaufe  it  is  fo  great  a difad  vantage  both  to  natural 
and  revealed  religion,  to  have  a moral  certainty  con- 
founded with  mathematical,  I fhall  diftinguifh  the  dif- 
ferent natures  of  4hem  more  fully,  under  two  different 
proportions. 


Mathematical  Certainty. 

As  in  this  propofition, 
the  three  angles  of  a right- 
lined  triangle  are  equal  to 
two  right  ones. 

1.  Here  there  is  the  ut- 
moft  degree  of  mathema- 
tical certainty : the  evi- 
dence is  infallible,  and  the 
corifequence  follows  by  a 
natural  neceffity. 

2.  The  demonftrative 
evidence  of  this,  when  un- 
derftood,  compels  and  ex- 
torts affent. 

3.  In  this  point  of 
knowledge,  no  concur- 
rence of  the  will  is  requi- 
fite.  The  intellect  affents 
without  it,  and  no  preju- 
dice or  paffion  can  fo  in- 
terpofe,  as  to  influence,  its 
judgment. 

4.  This  fort  of  know- 
ing admits  of  no  degrees 
of  certainty,  and  there  can 
be  no  proof  of  it,  but  of 
one  kind. 

L 


Moral  Certainty. 

4 *.  % 

As  in  this  propofition, 
there  is  a God. 


1.  Here  there  is  theut- 
moft  degree  of  moral  cer-* 
tainty  : the  evidence  is  in- 
dubitable, and  the  confe- 
quence  follows  by  a moral 
neceflity. 

2.  The  moral  evidence 
of  this,  when  underflood, 
demands  and  requires  a£ 
fent. 

3.  In  this  point  of 
knowledge,  the  concur- 
rence of  the  will  is  requi- 
fite.  The  intellect  cannot 
aifent  without  it.  Any 
prejudice  or  paffion  may 
fo  interpofe,  as  entirely  to 
alter  its  judgment. 

4.  This  fort  of  know- 
ledge admits  of  many  de- 
grees of  certainty,  and 
draws  its  proofs  from  all 
kinds  of  knowledge. 

3 5.  Cue 
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5.  One  demonftrative  5.  Many  arguments  con- 

argument  makes  the  ut-  cur  to  make  the  utmoft 
moft  mathematical  cer-  moral  certainty,  which  ex- 
tainty,  which  excludes  all  eludes  all  probability, 
poftibility  of  falfehood.  though  not  poffibility,  of 

falfehood. 

6.  This  takes  place  in  6.  This  takes  place  in 

things  natural  and  mate-  things  fupernatural  and 
rial,  fuch  as  quantity,  fi-  fpiritual,  fuch  as  God  and 
gure,  and  extenfion ; ideas  his  attributes ; of  which 
©f  which  we  have  from  di-  we  have  no  idea  from  di- 
rect and  immediate  lenfa-  reft  and  immediate  fenfa- 
tion.  tion,  but  only  from  ana- 

logy. 

7.  Our  reafonings  on  7-  Our  reafonings  on 
this  fide  are  about  Ample  this  fide  are  about  corn- 
ideas,  concerning  which  plex  notions  and  concep- 
there  is  general  confent.  tions,.  concerning  which 

men  extremely  dii’agree. 

From  the  very  different,  and  even  oppofite  nature 
of  moral  certainty,  and  that  which  is  ftriftly  mathe- 
matical, it  mud  appear, 

1 . That  there  is  as  little  room  for  the  latter  in  natu- 
ral religion,  as  in  revealed.  To  fliew  this  clearly,  I 
have  inftanced  in  the  fundamental  truth  of  both ; 
which,  though  founded  upon  the  utmoft  moral  evi- 
dence, fo  as  to  render  a diffent  from  it  inexcufable, 
yet  appears  not  to  be  ftriftly  demonftrable.  Indeed, 
were  there  one  demonftrative  argument  for  it,  all 
others  would  be  entirely  needlefs. 

2.  That  natural  religion  includes  faith  founded  on 
moral  evidence.  When,  upon  full  proof  to  our  un- 
derftanding,  we  aflent  to  this,  there  is  a God,  then 
the  hearty  concurrence  of  the  will  completes  that-af- 
fent  into  faith.  Faith  therefore  is  altogether  as  necef- 
fary  in  natural  religion,  as  in  revealed.  For  though 
we  have  a moral' certainty  for  the  exiftence  of  a Deity, 
which  fo  far  is  knowledge  only  ; yet  ftill  becaufe  the 
intrinfic  nature  of  God  is  utterly  incomprehenfible, 
and  can  be  no  immediate  objeft  of  human  underftand- 
»»g,  men  muft  give  the  aflent  of  the  intellect  here, 

‘ together 
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together  with  the  confent  of  the  will,  to  the  tiuth  of 
things  as  myfterious,  as  any  in  all  revealed  religion ; 
and  which  they  are  obliged  to  conceive  by  the  fame 
analogy,  by  which  we  conceive  all  the  myfteries  of 
chriftianity. 

3.  That  evangelical  faith  is  no  precarious  or  implicit 
aflent,  but  founded  on  the  utmoft  evidence  we  are  ca- 
pable of  receiving,  for  a truth  of  that  nature.  To  fee 
this  clearly,  we  mull  well  diftinguifh  two  things : 

Firft,  The  aflent  of*  the  underftanding  to  a propo- 
fition  upon  moral  evidence,  which  is  thus  for  merely 
knowledge.  Here  we  are  to  fix  our  foot,  and  join 
iflue  with  all  ranks  of  unbelievers ; the  ground  of 
whofe  condemnation  will  be,  that  they  wilfully  with- 
held their  aflent  from  the  truths  of  revelation,  when 
they  had  the  fame  evidence,  which  would  have  fully 
convinced  them  in  matters  merely  human. 

Secondly,  A confent  of  the  will,  following  the  a£» 
fent  of  the  intelledh  The  whole  procefs  of  the  mind, 
in  obtaining  fuch  a faith,  is  performed  in  this  manner#  • 
1.  A propofition  being  offered  to  us,  the  will  confents 
to  weigh  the  evidence  for  it.  2.  The  intellect  weighs 
it,  and  if  the  moral  evidence  be  full,  aflents  to  it. 
Thus  it  commences  a point  of  knowledge,  and  on  a 
fecond  confent  of  the  will,  a point  of  faith. 

But  it  is  worth  obferving,  that  there  can  be  no  im- 
mediate aflent,  to  any  thing  inconceivable  or  incom- 
prehenfible.  To  explain  this  by  a few  inftances.' 
“ There  is  a God.”  When,  upon  full  evidence,  we 
aflent  to  this,  what  is  intelligible  in  that  propofition,  is 
the  immediate  objedt  of  our  knowledge.  The  incom- 
prehenfible  nature  and  attributes  of  God  are  only  the 
remote  and  mediate  objedts  of  it.  > 

Again.  u This  is  my  beloved  Son.”  We  aflent  to 
this,  as  a perfectly  intelligible  propofition,  on  full 
evidence  that  it  was  fpoke  from  heaven  ; being  af« 
fured,  that  Chrift,  not  in  any  unintelligible  manner, 
but  according  to  the  plain  fenfe  of  the  word,  is  as 
really  and  truly  the  Son  of  God,  as  one  man  is  the 
fon  of  another.  ^ 

He  who  believes  thus  far,  without  any  refpedt  to 
what  i?  incomprehenfible  in  that  propofition,  namely, 
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thought.  When  this  internal  fenfation  is  truly  natu- 
ral, we  are  never  deceived  in  this  article  of  knowledge* 
And  this  alfo  is  fo  clear  and  diftinft,  that  it  admits  of 
no  proof  from  reafon.  So  that  neither  can  this,  any 
more  than  the  former,  be  called  demonftration : fince, 
like  that,  it  is  fo  immediate  and  intimate  to  us,  that 
nothing  can  increafe  its  evidenced  And  for  a man  t<^ 
argue  away  any  inftances  of  this  knowledge,  or  to 
deny  their  certainty,  is  no  lefs  abfurd,  than  to  contra- 
dict the  clear  perceptions  of  external  fenfe.  Only  it  is 
to  be  obferved,  that  all  here  faid  of  this  knowledge, 
is  faid  of  the  firft,  immediate,,  internal  perceptions  j 
not  of  any  farther  obfervations,  made  upon  them  by 
the  intellect,  or  of  any  deductions  afterwards  drawn 
concerning  them.  * 

Thefe  two  kinds  of  knowledge  are  immediate,  and 
confequently  a fort  of  intuition}  entirely  different  from 
which  is, 

The  third  kind  of  knowledge,  reafoning,  which  is- 
mediate,  and  wholly  acquired  by  deduction,  by  the 
exercife  of  that  one  operation  of  the  mind,  illation  or 
confequence.  This  we  may  fubdivide  into  different 
fpecies,  according  to  the  different  manner  of  the  intel- 
lect’s procedure,  in  making  its  deductions. 

The  firft  fpecies  is  fcience  or  demonftration,  which 
appears  cleared  in  the  fyllogiftic  form  5 by  applying  a 
common  meafure  to  two  extremes,  which  have  an  in- 
fallible connexion  with  it.  So  that  the  conclufion  fol- 
lows by  an  abfolute  certainty,  and  compels  the  aflent. 
And  the  knowledge  is  as  infallible,  as  the  direct,  clear 
perception  of  fenfation,  or  confcioufnefs. 

The  fecond  fpecies  of  it  is  moral  certainty,  the  ut- 
moft  degree  of  which  is  neareft  to  demonftration*. 

* This  knowledge  is  acquired  by  proofs,  that  have  only 
an  undoubted  connexion  with  the  two  extremes.  The- 
force  of  this  every  plain  underftanding  perceives  ; and 
it  rarely  requires  the  fyllogiftic  form,  unlefs  for  the 
confuting  perverfe  oppofers.  The  arguments  for  it  are 
deduced  from  all  kinds  of  knowledge : but  (till  the  af- 
fent  is  free;  and  the  will  has  a great  (hare  in  pro- 
moting or  hindering  it.  And  hence  it  comes,  that 

there 
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there  is  room  for  paffion  and  prejudice  of  all  forts,  ti 
interpofe  and  bias  the  intellect. 

We  ought  not  therefore  to  call  the  evidence  of  moral 
truths,  by  the  name  of  demonftration.  It  is  true, 
both  mathematical  and  moral  truths  are  founded  on 
the  ftrongeft  proofs.  Yet  they  admit  not  of  the  fame 
fort  of  proof,  nor  indeed  are  they  capable  of  it. 

Becaufe  it  is  fo  great  a difad  vantage  both  to  natural 
and  revealed  religion,  to  have  a moral  certainty  con- 
founded with  mathematical,  I fhall  diftinguiffi  the  dif- 
ferent natures  of  -them  more  fully,  under  two  different 


propofitions. 

% 

Mathematical  Certainty. 

As  in  this  propofition, 
the  three  angles  of  a right- 
lined  triangle  are  equal  to 
two  right  ones. 

1.  Here  there  is  the  ut- 
moft  degree  of  mathema- 
tical certainty : the  evi- 
dence is  infallible,  and  the 
cohfequence  follows  by  a 
natural  neceffity. 

2.  The  demonftrative 
evidence  of  this,  when  un- 
derftood,  compels  and  ex- 
torts affent. 

3.  In  this  point  of 
knowledge,  no  concur- 
rence of  the  will  is  requi- 
flte.  The  intellect  affents 
without  it,  and  no  preju- 
dice or  paffion  can  fo  in- 
terpofe, as  to  influence,  its 
judgment. 

4.  This  fort  of  know- 
ing admits  of  no  degrees 
of  certainty,  and  there  can 
be  no  proof  of  it,  but  of 
one  kind. 

L 


' V - 

Moral  Certainty. 

As  in  this  propofition, 
there  is  a God. 


1.  Here  there  is  theut- 
moft  degree  of  moral  cer«* 
tainty  : the  evidence  is  in- 
dubitable, and  the  confe- 
quence  follows  by  a moral 
neceffity. 

2.  The  moral  evidence 
of  this,  when  underftood, 
demands  and  requires  af- 
fent. 

, 3.  In  this  point  of 
knowledge,  the  concur- 
rence of  the  will  is  requi- 
fite.  The  intellect  cannot 
aifent  without  it.  Any 
prejudice  or  paffion  may 
fo  interpofe,  as  entirely  to 
alter  its  judgment. 

4.  This  fort  of  know- 
ledge admits  of  many  de- 
grees of  certainty,  and 
draws  its  proofs  from  all 
kinds  of  knowledge. 

3 5.  Cue 
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5 . One  demonftrative  5.  Many  arguments  con- 
argument  makes  the  ut-  cur  to  make  the  utmoft 
moft  mathematical  cer-  moral  certainty,  which  ex- 
tainty,  which  excludes  all  eludes  all  probability, 
poffibility  of  falfehood*  though  not  poffibility,  of 

falfehood. 

6.  This  takes  place  in  6»  This  takes  place  in 

things  natural  and  mate-  things  fupernatural  and 
rial,  fuch  as  quantity,  fi-  fpiritual,  fuch  as  God  and 
gure,  and  extenfion ; ideas  his  attributes  ; of  which 
of  which  we  have  from  di-  we  have  no  idea  from  di- 
rect and  immediate  fenfa-  re<ft  and  immediate  fenfa- 
lion*  tion,  but  only  from  ana- 

logy. 

7.  Our  reafonings  on  7.  Our  reafonings  on 
this  fide  are  about  Ample  this  fide  are  about  corn- 
ideas,  concerning  which  plex  notions  and  concep- 
there  is  general  confent*  tions,*  concerning  which 

men  extremely  difagree* 

From  the  very  different,  and  even  oppofite  nature 
of  moral  certainty,  and  that  which  is  ftri&ly  mathe- 
matical, it  mull  appear, 

1 . That  there  is  as  little  room  for  the  latter  in  natu- 
ral religion,  as  in  revealed.  To  fhew  this  clearly,  I 
have  inftanced  in  the  fundamental  truth  of  both ; 
which,  though  founded  upon  the  utmoft  moral  evi- 
dence, fo  as  to  render  a diflent  from  it  inexcusable, 
yet  appears  not  . to  be  ftridlly  demonftrable.  Indeed, 
were  there  one  demonftrative  argument  for  it,  all 
others  would  be  entirely  needlefs. 

2.  That  natural  religion  includes  faith  founded  on 
moral  evidence.  When,  upon  full  proof  to  our  un- 
derftanding,  we  aflent  to  this,  there  is  a God,  then 
the  hearty  concurrence  of  the  will  completes  that-af- 
fent  into  faith.  Faith  therefore  is  altogether  as  necef- 
fary  in  natural  religion,  as  in  revealed.  For  though 
we  have  a moral*  certainty  for  the  exiftence  of  a Deity,, 
which  fo  far  is  knowledge  only  \ yet  (till  becaufe  the 
intrinfic  nature  of  God  is  utterly  incomprehenfible, 
and  can  be  no  immediate  object  of  human  underftand- 
ing,  men  muft  give  the  aflent  of  the  intellect  here, 

^ together 


( 251  ) 

together  with  the  confent  of  the  will,  to  the  truth  of 
things  as  myfterious,  as  any  in  all  revealed  religion  ; 
and  which  they  are  obliged  to  conceive  by  the  fame 
analogy,  by  which  we  conceive  all  the  myfteries  of 
chriftianity. 

3.  That  evangelical  faith  is  no  precarious  or  implicit 
aflent,  but  founded  on  the  utmoft  evidence  we  are  ca- 
pable of  receiving,  for  a truth  of  that  nature.  To  fee 
this  clearly,  we  mull  well  diftinguifti  two  things : 

Fir  ft,  The  aflent  of  the  under  (landing  to  a propo- 
fition  upon  moral  evidence,  which  is  thus  far  merely  , 
knowledge.  Here  we  are  to  fix  our  foot,  and  join 
iflue  with  all  ranks  of  unbelievers ; the  ground  of 
whofe  condemnation  will  be,  that  they  wilfully  with- 
held their  aflent  from  the  truths  of  revelation,  when  J 

they  had  the  fame  evidence,  which  would  have  fully* 
convinced  them  in  matters  merely  human. 

Secondly,  A confent  of  the  will,  following  the  aA 
fent  of  the  intelledh  The  whole  procefs  of  the  mind, 
in  obtaining  fuch  a faith,  is  performed  in  this  manner#  * 

1.  A propofition  being  offered  to  us,  the  will  confents 
to  weigh  the  evidence  for  it.  2.  The  intellect  weighs 
it,  and  if  the  moral  evidence  be  full,  aflents  to  it. 

Thus  it  commences  a point  of  knowledge,  and  on  a * 
fecond  confent  of  the  will,  a point  of  faith. 

But  it  is  worth  obferving,  that  there  can  be  no  im- 
mediate aflent,  to  any  thing  inconceivable  or  incom- 
prehenfible.  To  explain  this  by  a few / inftances.' 

“ There  is  a God.”  When,  upon  full  evidence,  we 
aflent  to  this,  what  is  intelligible  in  that  propofition,  is 
the  immediate  objecft  of  our  knowledge.  The  incom- 
prehenfible  nature  and  attributes  of  God  are  only  the 
remote  and  mediate  objefts  of  it.  < * 

Again.  “ This  is  my  beloved  Son.”  We  aflent  to 
this,  as  a perfectly  intelligible  propofition,  on  full 
evidence  that  it  was  fpoke  from  heaven  ; being  af-  » * 

fured,  that  Chrift,  not  in  any  Unintelligible  manner, 
but  according  to  the  plain  fenfe  of  the  word,  is  as, 
really  and  truly  the  Son  of  God,  as  one  man  is  the 
fon  of  another.  * 

He  who  believes  thus  far,  without  any  refpeft  to 
what  ijs  incomprehenfible  in  that  propofition,  namely, 

the 
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the  fupernatural  generation,  and  the  ineffable  manlier 
of  it,  has  an  evangelical  faith. 

Blit  what  then,  you  will  fay,  becomes  of  the  myf-  . 
teries  of  the  gofpel  ? They  are  all  laid  upfafe,  out  of 
our  reach,  to  be  the  immediate  objedts  of  our  know- 
ledge, when  we  come  to  fee  face  to  face. 

From  hence  it  appears,  that  chriftian  faith  is  not  an 
implicit  affent  to  things  unintelligible  and  unconceiva- 
ble : fince  nothing,  that  is  incomprehenfible,  can  come 
into  any  queftion  between  us  and  unbelievers.  We 
can  have  no  controverfy,  but  about  what  is  perfe&ly 
ujiderftood,  as  far  as  it  is  fo  ; and  concerning  the  mo- 
ral evidence,  upon  which  propofitions,  as  clear  as  any 
in  human  language,  are  founded.  Our  controverfies 
turn  wholly  upon  what  is  clear.  As  to  what  is  incom- 
prehenfible, in  any  propofition,  it  can  be  no  immediate* 
diredt  objedt,  either  of  knowledge  or  of  faith. 

The  third  fpecies  of  knowledge,  which  we  have 
from  reafon,  is  opinion.  This  Plato  well  defines  a me- 
dium between  knowledge  and  ignorance.  It  is  a fort 
of  knowledge,  loofely  fpeaking,  inferior  to  any  of  the 
foregoing,  but  approaching  neareft  to  that  founded 
on  moral  evidence.  Only  whereas  moral  certainty, 
in  its  higheft  degree,  leaves  but  a bare  poffibility  of  the 
thing’s  being  otherwife  ; all  opinion  leaves  room,  more 
or  lefs,  for  doubt,  yea,  for  fome  fear  of  its  being 
otherwife.  But  as  for  all  the  degrees  between  the 
higheft  moral  certainty  on  one  hand,  and  the  lowed 
probability-  on  the  other,  thefe  two  forts  of  knowledge 
run  into  each  other,  and  are  not  eafily  to  be  diftin- 
guifhed. 

This  may  be  illuftrated  by  a parallel,  drawn  from 
common  mechanifm.  While  you  are  offering  the 
reafons,  for  and  againft  any  moraliy-certain  or  proba- 
ble propofition,  imagine  yourfelf  throwing  them  into, 
the  fcales,  and  weighing  them  in.  a balance.  If  the 
balance  inclines  not  at  all  to  either  fide,  there  is  no  fort 
of  knowledge,  but  xdowrnright  ignorance  : the  reafons 
on  each  fide  deftroy  each  other,  fo  that  the  intellect 
cannot  affent  to  either.  And  if  there  be  any  decifion, 
it  is  the  arbitrary  impofition  and  precarious  ad  of  the 
will.  If,  either  from  its  natural  vreaknefs,  or  for  want 
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of  improvement,  the  intelleft  cannot  find  out  reafon$r 
/ fo  that  each  fcale  preponderates  in  its  turn,  then  it  is  a 

h ftateof  doubt.  If  one  fcale  preponderates  but  a little, 

and  continues  at  a ftay,  fo  that  the  difference  is  barely 
difcernible,  it  is  then  only  a conje&ure.  But  if  this 
preponderancy  is  very  plain,  though  there  is  weight 
enough  on  the  other  fide,  to  keep  the  fcale  ftill  pen- 
dent, then  it  is  properly  probability  or  opinion.  When* 
laftly,  the  arguments  are  fo  ftrong  that  one  of  the 
fcales  weighs  to  the  ground,  then  it  is  moral  certainty* 
j and  there  is  no  reafonable  caufe  for  any  farther  fcruti- 

ny.  The  propofition  then  concludes  as  furely,  though 
not  fo  neceflarily,  as  demonftration  ; which  admits  of 
no  weight  whatever  to  be  thrown  into  the  oppofite 
fcale. 

Of  probability  in  general  it  may  be  obferved, 

1.  That,  while  we  are  weighing  a probable  propofi* 
tion,  there  are  two  latent  caufes  of  deceit ; the  one  in 
the  intellect  itfelf,  which  holds  the  balance ; for  if  a 

* «'  man  is  ignorant  or  weak,  fo  as  not  to  difcern  the  pro- 

per reafons,  he  may  be  impofed  upon  by  falfe  weights  ; 
the  other  in  the  will,  when,  inftead  of  plain  reafon,  a 
man  throws  his  pride,  ©r  paffion,  or  prejudice,  into 
the  fcales.  And  thefe  will,  by  the  invifible  turn  of  a 
falfe  balance,  outweigh  the  ftrongeft  arguments. 

2.  That  the  higher  degrees  of  probability,  in  mat- 
ters of  religion,  demand  our  aflent*  So  they  do  in  all 
other  things.  Where  the  difference  is  not  great,  be- 
tween the  oppofite  fides  of  a queftion,  men  ever  clofe 
with  the  greateft  appearance  of  truth,  and  that  in  all 
things  of  the  greateft  moment.  Nay,  the  main  con- 
duct of  human  life  is  governed  by  the  higheft  probabi- 

I lity  : fo  that,  in  many  inftances,  it  would  be  downright 

madnefs,  not  to  be  determined  by  it.  Yet, 

3.  Mere  probability  is  not  a fufficient  ground  for  re- 
ligious faith.  This  muft  be  built  on  certain  knowledge, 
which  opinion,  properly  fpeaking,  is  not.  Indeed  the 

- word  is  vulgarly  taken  for  any  aifent,  whether  formed 
on  probability,  or  moral  certainty.  And  fo,  it  is  com- 
monly faid,  “ A man  is  of  fuch  an  opinion,”  with  re- 
gard to  the  very  fundamentals  of  Chriftianity.  But. 
this  loofe  way  of  fpeaking  ought  never  to  be  ufed,  fee- 
ing 
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mg  it  has  a tendency  to  betray  unwary  men,  into  a fa- 
vourable judgment  of  fuch  principles,  as  are  deftruc- 
tive  of  all  religion. 

The  fourth  fpecies  of  knowledge,  which  we  have  - 
from  reafoning,  (if  it  be  not  rather  a particular  fpecies 
of  moral  certainty)  is  an  aflent  upon  teftimony : to 
make  which  truly  knowledge,  there  muft  be  a concur- 
rence of  our  own  reafon  in  the  following  particulars : 

1.  Our  own  reafon  muft  judge  of  the  fubjeft-mat- 
ter  of  the  information,  whether  it  be  made  in  intelli- 
gible words.  For  no  man  can  be  informed,  of  what 
he  cannot  underftand : there  can  be  no  revelation  to 
us,  concerning  the  intrinfic  nature  of  things,  that  are 
incomprehenfible  to  us.  And  accordingly,  no  part  of 
the  Chriftian  revelation,  concerning  God  and  things 
fupematUral,  reaches  farther  than  their  exiftence,  and 
that  lively  analogy,  under  which  they  are  reprefented  ; 

x which  is  as  plain,  and  obvious,  and  intelligible,  as  any 

thing  in  common  life. 

2.  Our  reafon  muft  convince  us,  that  the  matter  of 
the  information  is  poffible,  that  it  implies  no  contradic- 
tion. And  if  the  information  relates  to  things  fuper- 
natural,  this  is  a fundamental  rule,  to  deduce  no  con- 
tradiction, but  from  what  is  plain  and  intelligible  in 
every  propofition.  Whence  it  follows,  that. fuch  ab- 
furdities  and  contradictions,  as  arife  from  a comparifon 
of  what  is  plain  and  intelligible,  with  what  is  incom- 
prehenfible, in  refpeCt  of  their  intrinlic  natures,  are  all 
groundlefs  and  imaginary. 

3.  Our  reafon  muft  judge  concerning  the  ability  and 
integrity  of  the  informer.  Information  or  teftimony 
may  be  divided  into  human  and  divine.  To  human 
teftimony  we  aflent  only  fo  far,  as  it  appears  agreea- 
ble to  truth.  Yet  this  aflent  is  very  extenfive,  and 
makes  up  the  greateft  part  of  human  knowledge.  It 
takes  in  all  we  have  of  the  hiftory  ®f  mankind,  all  the 
accounts  of  whatever  we  have  not  feen  ourfelves. 
And  we  acquiefce  in  all  this,  not  as  probable  only,  but 
as  fo  much  real  knowledge ; being  an  aflent,  which  is 
founded  on  fuch  evidence,  as  often  amounts  to  a mo- 
ral certainty. 

As  to  Divine  information  or  revelation,  reafon,  know- 
ing 
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ing  it  to  be  divine,  is  ilready  convinced,  that  it  exceeds 
• all  human  certainty.  The  only  thing,  therefore,  which 
is  to  be  convinced  of  here  is, 

4.V  That  the  revelation  is  Divine,  or  that  the  Scrip- 
ture is  of  Divine  authority.  In  order  to  this  we  may 
obferve, 

Firft,  that,  as  God  has  made  men  the  immediate 
inftruments  of  all  thofe  revelations,  fo  evangelical 
faith  muft  be  partly  founded  on- human  teftimony.  By 
men  were  both  the  Old  and  New  Teftament  wrote ; 
and,  if  we  confider  them  abftra&ed  from  their  Divine 
authority,  they  muft  be  allowed  to  be  of  equal  credibi- 
lity,  at  lead,  with  all  other  ancient  writings.  Though 
we  Ihould  fuppofe  them  to  be  upon  the  foot  of  mere 
human  teftimony,  yet  would  our  knowledge  of  them 
be,  at  leaft,  of  equal  certainty,  with  that  founded  on 
any  profane  hiftory.  Now,  if  to  this  human,  we  add 
/ fuch  Divine  teftimony,  as  cannot  be  pretended  for  any 
other  writings  in  the  world,  as  the  miracles  of  Chrift 
and  his  Apoftles ; the  concurrent  completion  of  all 
the  prophecies,  from  the  beginning  of  the  world,  in 
him  alone  ; the  fcriptures  being  the  only  book  in  the 
world,  that  gives  us  any  account  of  the  whole  feries  of 
God’s  difpenfations  toward  man,  from  the  creation  for 
four  thoufand  years  j the  great  exaltation  of  natural 
religion,  vilible  in  every  part  of  it ; and  laftly,  the 
providential  care,  fo  manifeft  in  every  age,  for  tranf. 
mitting  down  feveral  books,  written  at  fuch  great  dis- 
tances of  time  one  from  another,  and  all  of  them  from 
, us ; their  being  at  this  day  fo  void  of  any  material  er- 
ror, that  in  the  infinite  various  readings,  which  have 
been  carefully  collected,  there  cannot  be  found  one 
contrariety  in  any  fundamental  point  of  faith  or  prac- 
tice : if  thefe  things,  I fay,  are  thoroughly  confidered,' 
they  give  the  fcriptures  fuch  a certainty,  as  no  writing 
merely  human  can  have,  and  are  the  greateft  evidence 
for  the  truth  of  them,  which  they  are  capable  of  re- 
ceiving, without  a continued,  daily  repetition  of  mi-' 
racles.  We  may.  obferve. 

Secondly,  That,  as  God  has  made  men  the  immedi- 
ate inftruments  of  all  his  revelations,  lb  he  hath  con- 
defcended  iq  make  ufe  of  human  language,  as  well  as 
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©f  our  natural  ideas  and  conceptions,  for  the  clearand 
eafy  reprefentation  of  things  fupernatural,  and  other- 
wife  incomprehenfible.  Indeed  the  intrinfic  nature  of 
heavenly  things  could  not  otherwife  have  been  revealed 
to  us ; feeing  we  had  neither  capacity  to  apprehend, 
nor  language  to  exprefs  it.  Or  had  it  been  miracu- 
loufly  revealed  to  a particular  man,  yet  it  would  not 
have  been  poffible  for  him  to  utter  it.  This  made  it 
neceflary  to  adapt  all  the  Divine  revelations  to  our  na- 
tural way  of  thinking  and  fpeaking.  And  accord- 
ingly we  are  not  obliged  to  believe  any  dodtrine,  which 
is  not  plain  and  intelligible.  AH  in  Scripture,  beyond 
this,  is  no  immediate  objedl  of  our  faith,  but  belongs 
to  another  world  ; and  we  are  at  prefent  to  believe  no 
more  of  it,  than  that  it  is  incomprehenfible. 

Nothing  therefore  is  more  abfurd,  than  the  objec- 
tions of  unbelievers  againft  the  Chriftian  myfteries,  as 
unintelligible ; fince  Chriftianity  requires  our  affent  to 
nothing,  but  what  is  plain  and  intelligible  in  every 
propofition.  Let  every  man  firft  have  a full  eonvidfion 
of  the  truth  of  each  propofition  in  the  gofpel,  as  far 
only  as  it  is  plain  and  intelligible,  and  let  him  believe 
as  far  as  he  underftands.  Let  him  firmly  believe, 
there  is  but  one  God,  the  object  of  any  divine  wor- 
fhip  whatever  ; and  think  and  fpeak  of  him  under  that 
plain,  fcriptural  diftindtion,  of  Father,  Son,  and  Holy 
Ghoft  ; leaving  the  incomprehenfible  nature  of  that 
union  and  diftindtion,  to  the  great  Author,  of  our- 
faith  himfelf.  Let  him  believe  Chrift  to  be  the  only- 
begotten  Son  of  God,  in  the  obvious  import  of  thefe 
words,  and  leave  the  manner  of  that  inconceivable 
generation,  to  the  veracity  of  God.  Let  him  believe, 
that  Chrift  did  as  truly  make  an  atonement  to  God  for 
us,  as  one  man  atones  for  another  to  a third  perfon  ; 
and  leave  the  unintelligible  part  of  that  divine  opera- 
tion, for  the  fubjedt  of  future  praife  and  contempla- 
tion. Let  men,  I fay,  believe  as  far  as  they  thus 
clearly  underftand,  without  perplexing  themfelves  or 
others  with  what  is  incomprehenfible ; and  then  they 
fulfil  the  whole  purpofe  of  God  in  all  his  revelations*. 

By  thus  carefully  diftinguifhing  the  fevcral  kinds  of 
knowledge  and  evidence,  what  endlefs  confufion  may 
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be  prevented,  in  religious  controverfies  ? Mofc  of 
thefe  have  arifen  from  fuppofing  thefe  heads  of  know- 
ledge to  differ  in  degree  only,  not  in  kind  y and  from  . 
confounding  the  different  kinds  of  evidence,  peculiar 
to  each  of  them  from  men’s'  infi fling  upon  the  evi- 
dence proper  to  one  kind  of  knowledge,  for  that  of 
another,  which  will  not  admit  of  it;  from  oppofing 
to  each  Other  the  different  kinds  of  knowledge,  which 
can  never  interfere  or  clafh  with  each  other  ; and  laft- 
ly,  from  not  diflinguifhing  between  a blind,  implicit 
affent  to  the  teftimony  of  another,  and  that  faith* 
which  implies  a full*  rational  convi&ion  of  the  truth 
of  what  is  believed. 

SECT.  Illr 

Of  the  Improvement  of  Knowledge  by 

Revelation. 

\ 

WE  have  now  brought  the  mind  of  man,  by  fe- 
veral  fteps,  to  the  utmoft  knowledge,,  it  can 
reachby  its  own  faculties.  Whatever  is  beyond  that 
contained  under  the  foregoing  heads,  is  communicated 
to  it  from  heaven. 

_ When  we  obferve,  1.  The  more  particular  and  full 
difcoveries  of  thofe  relations  we  had  fome  knowledge 
of,  by  the  light  of  nature  *,  and,  2.  Thofe  relations 
we  bear  to  God,  and  God  to  us,  which  are  ehtirely 
new,  and  undifcoverable  by  the  light  of  nature  j;  this 
knowledge  includes  the  foundation  and  fubftance  of  all 
revealed  religion. 

As  to  the  firft.  When  to  that  general  knowledge 
we  have  by  the  light  of  nature,  of  God,  as  the  Crea- 
tor of  all  things,  it  is  revealed,  that  he  fpoke  them 
into  being,  and  created  them  by  his  Word  rhat  he 
made  man  in  particular  out  ©f  the  earth,  and  breathed 
into  him  a principle  of  a higher  kind ; that  he  was 
created  in  innocence,  and  in  the  image  of  God  ; and 
that  from  him  all  mankind  defcended. 

• * I believe  all  “•  the  light  of  nature,”  »o  called,  to  flow  front 

preventing  Grace. 
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Again.  When  to  the  general  relation  of  his  Pro- 
vidence over  us,  it  is  more  particularly  revealed,  that 
he  upholdeth  all  things  by  the  Word  of  his  power ; that 
in  Him  we  live*  move,  and  have  our  being  , that  not 
a fparrow  falls  to  the  ground  without  Him  } nay,  that 
the  hairs  of  our  head  are  all  numbered  5 and,  laftlyy 
when  his  relation'  to  us*  as  a J udge,  is  rendered  more 
full  and  exprefs  by  thefe  particulars,  “ that  the  eyes  of 
the  Lord  are  in  every  place,  beholding  the  evil  and 
the  good ; that  He  (ball  bring  every  work  into  judg- 
ment, with  every  fecret  thing*  whether  it  be  good  or 
evil ; that  He  hath  appointed  a day,  in  which  He  will 
judge  the  world:”  and  that,  in  order  to  this  univerf.il 
judgment,  there  (hall  be  “ a refurre&ion  of  the  dead,* 
both  of  the  juft  and  of  the  unjuft.”  ' 

Again.  When  it  is  revealed,  that  there  is  but  one  ■ 
God  ; in  oppofition  to  the  multitude  of  heathen  deities 
that  this  God  is  a Spirit,  that  there  is  none  good  but 
He>  that  He  only  is  wife,  and  his  wifdom  is  infinite  j 
that  He  is  Almighty,  hath  all  power,  is  above  all,  the 
only  Potentate,  King  of  kings,  and  Lord  of  lords ; 
that  He  is  the  Moft  High,  the  Lord  of  hofts,  who 
only  hath  immortality : thefe  and  fuch  like  equally  ex- 
prefs declarations,  concerning  the  One  God,  are  evi- 
dent improvements  of  that  knowledge,  which  we  have 
by  the  light  of  nature. 

Thefe  expreffions  are  all  plain  and  intelligible,  fo 
that,,  when  we  ufe  them,  we  know  what  we  fay.  * But 
as  to  the  following  expreffions,  concerning  the  One 
God,  that  he  is  “ God  of  himfelf,  Root,  Principle, - 
and  Original that  he  is  a “ Pure  AS,  fimple,  undi- 
vided, Self-exiftent,  abfolutely  fupreme;”  together 
with  the  words,  “ Subordinate,  co-ordinate,”  and  above 
all,  his  metaphyfioal  “ Subftance  and  e (fence thefe 
are  not  the  language  of  revelation,  efpecially  when 
ufed  to  explain  the  Unity  of  God  > but  affe&ed  terms, 
invented  by  men,  to  exprefs  their  feveral  fentiments  of 
that  Unity.  , 

Can  we  fufficiently  lament  the  mifchief,  which  has 
been  done  by  the  rumbling  of  thefe,  and  fuch  like 
founding  words,  through  whole  volumes to  the  con- 
founding both  the  writer  and  the  reader,,  and  perplex- 
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ing  that  great  article  of  our  faith,,  the  Trinity  : which, 
as  it  lies  in  the  feripture,  is,  fo  far,  as  we  are  to  be- 
lieve it,  the  plaineft  thing  in  the  world  ? All  this  pom- 
pous affectation  of  being  more  knowing  in  the  Chriftian 
myfteries,  than  the  fcriptures  can  make  men,  tends 
only  to  propagate  abfurd  and  inconfiftent  notions, 
which  a plain  t ational  man  would  be  alhamed  of.  Such 
as  thefe,  , , 1 

That  the  Son  of  God  was  produced  by  an  external 
aCt  of  the  Father’s  power,  but  was  not  made  or 
created  : • , , 

That  there  are  Three  Perfons  truly  Divine  \ one  of 
them  the  true  God,  the  Second,  truly  God,  the  Third, 
no  God  at  alL  * 

That  we  may  and  mud  pay  divine  worffiip  to  Two 
Gods,  and  divine  honour  to  a Third  Perfon,  who  is  no 
God: 

That  by  the  term  Trinity  we  mud  mean,  a Trinity 
•f  Two  Gods,  and  a Divine' Perfon,  but  no  God. 

Thefe  and  many  fuch  pofitions  are  either  exprefsly, 
or  by  plain  confequence,  contained  in  fome  of  our  mo- 
dem fyftems  of  religion,  and  are  fet  down  here,  not  as 
they  are  a total  fubrerfion  of  the  Chriftian  faith,  but 
as  they  are  a bold  and  arbitrary  impofition  on  the  com- 
mon fenfe  and  reafon  of  mankind. 

The  relation  we  bear  to  God  as  our  Creator,  which 
was  partly  difcovered  by  the  light  of  nature,  is  made 
nearer  yet,  and  more  dear  and  engaging,  by  that  en- 
tirely new  diftinCtion  in  the  One  God,  revealed  to  us 
tinder  the  different  characters  of  Father,  Son,  and 
Holy  Gboft,  and  by  the  unfpeakable  bleffings  we  de- 
rive, from  their  feveral  offices  and  operations. 

This  diftinCtion,  utterly  incomprehenfible  in  itfelf, 
could  never  have  been  known  to  men,  but  by  revela- 
tion. Nor  could  we  have  conceived  it  in  any  degree, 
had  it  not  been  difcovered  to  us,  under- the  femblance 
of  fuch  relations,  as  are  familiar  among  men  i as  that 
of  a Father  and  a Son,  and  the  Spirit  of  a man,  which 
is  in  him.  And,  if  we  admit  this  diftinCtion  at  all,  we 
muft  hold  it  to  be  fo  really  founded  in  the  Divine  Na- 
ture, that  we  cannot  think  or  fpeak  of  it  any  otherwife, 
than  as  a perfonal  diftinCtion.  For  the  Father,  Son, 
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and  Holy  Ghoft,'  are*  in  refpeft  of  one  another,  thus' 
diftinguifhed  through  • the  whole  language  o P revela- 
tion s and,  in  refpeft  of  mankind,  they  are  ever  diftin- 
guifhed  by  fuch  different  operations,  as  we  diftinguiflt 
human  perfons  by.  So  that  whatever  is  denoted  by: 
Father,*  Son,  and  Spirit,  we  mud  either  flatly  reject 
the  fcriptures,  or  elfe  always  fpeak  and  think  of  thofe 
Three,  as  we  do  of  three  human  perfons. 

That  Chrift,  the  Second  Perfon,  had  a being,  be- 
fore he  was  born  of  a virgin*  is  fo  evident  from  reve* 
lation,  that  we  can  make  no  fenfe  or  coherence  of 
Icripture,  without  allowing  it ; and  there  can  be  no 
other  purpofe,  in  revealing  all  things  concerning  him^ 
tinder  the  character  of  a Son,  4 nd  only-begotten  Son* 
but  to  convince  us,  that  he  has  all  the  natural,  eflential 
attributes  of  his  Father,  that,  as  a human  fon  poifefTes 
the  entire  human  nature,  fo  the  Son  of  God  poffefles 
the  entire  Divine  Nature. 

That  the  Holy  Spirit,  who  is  in  fcripture  diftinguifli* 
ed-  from  the  Father  and  the  Son,  is  a diftiwft  Perfon 
from^  both,  is  plain  from  the  commiffion  • given  the 
Apoftles  to  baptize,  in  the  Name  of  the  Father,  and 
of  the  Son,  and  of  the  Holy  Gholl.  This  form,  • if 
each  of  thefe  be  not  a diftind  Perfon,  fufficiently  tends 
to  confound  mankind.  If  the  Holy  Ghoft  be  not  a dif* 
tin<St  Perfon,  but  only  a Power  of  the  Father,  then 
the  fenfe  of  it  runs  thus,-  “ Go  and  baptize  in-  the 
Name  of  the  Father,  and  of  the  Son,  and  of  the  Fa* 
ther  again.”  Therefore  to  fay,  the  Third- Perfon, 
here  mentioned}  is  a'  mere  Name,  and  imports  only 
the  Power  of  the  Father,  is  not  only  charging  God 
with  laying  a fnare  to  deceive  us,  but  denying  his  com- 
iftWfion  to  be  common-fenfe. 

That  the  Holy  Spirit  is  God,  is  evident  from  reve- 
lation, which,  every  where  diftinguifhes  him  by  this  pe- 
culiar character  Holy.  For  abfolute  holinefs  is  the  pe- 
culiar attribute  of  die  abfolutely  fupreme  God  ; and 
He  being  every  where  called  “ The  Holy  Spirit,”  by 
Way  of  excellency,  and  diftin&ion  from  all  created 
fpirits,  that  epithet  muft  imply  an  original,  intriniic, 
and  eifential  holinefs  in  Him.  Efpecially  if  we  ob- 
ierve,  that  this  is  his  conftant,  diftinguilhing  charac- 
ter. 
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ter,  not  only  where  he  is  mentioned  with  relation  t# 
us,  but  alfo  where  he  is  named,  together  with  the  Fa- 
ther and  the  Son.  Infomuch  that  He  alone  is  exprefsly 
(tiled  Holy,  wherever  the  Three  Perfons  are  exprefsly 
named  together  infcripture. 

The*  word  Holy  in  thofe  places  cannot  be  added,  in 
©ppofition  to  the  Father  and  the  Son ; nor  as  exclufive 
of  them;  becaufe  they  are  both  abfolutely  holy,  as 
well  as  the  Spirit  ; fo  that  they  naturally  lead  us  into 
a belief,  that  his  is  the  fame  holinefs  with  that  of  the 
Father  and  the  Son,  namely,  the  intrinfic  holinefs  of 
Jehovah,  the  Moft  High,  the  Supreme  God.  To  this 
if  we  add,  that  He  is  called,  u The  Spirit  of  holinefs* 
the  Spirit  of  glory,  the  Eternal  Spirit,”  and  very  of- 
ten, the  Spirit  of  God  ; as  particularly  at  the  baptifm 
Qf  Ghrift,*  where  he  was  perfonally  diftinguiihed  from 
the  Father,  even  in  a vifible  appearance.  We  muft 
have  our  reafon  ftrangely  amufed  by  fubtlety  and  criti- 
cifm,  and  be  turned  quite  out  of  the  plain  way  of 
thinking,  before  we  can  underftand  thefe  revelations  to 
mean  any  thing  elfp>; than  that  he  is  God,  equal  with 
the:  Father.  / 

The  fumisthis.  Since  both  reafon  and. revelation 
fhew,  there  is  but  one  God,  we  can  own  and  worihip 
but  one.  And  fince  that  one  God  is  fet  forth  to  us  in 
Scripture,  under  three  diftin#  relations,  and  accord#- 
ingly  reprefented  by  diftinCt  perfonal  names,  and  cha- 
racters, and  operations  and  offices  : therefore  we  woi> 
Ihip  but  one  God,  with  this  diftindtion  of  his  oyra 
making,  not  ours. 

It  is  faid,  “ Thou  fhalt  worlhip  the  Lord  thy  God, 
and  Him  only  (halt  thou  ferve:”  by  which  all  Divine 
worfhip'is  utterly  cut  off  from  the  Son  and  Holy 
Ghoft,  unlefs  they  are  one  with  the  Lord  our  God. 
Again,  it  is  written,  The  Lord  thy  God  is  one  Lord, 
whom  we  are  to  love'  with  all  our  heart,  mind,  foul, 
and  .ftrength.'  But  if  fo,  all  Divine  love  is  cut  off 
from  the  Son  and  Holy  Ghoft,  unlefs  they  are  that  one 
Lord  our  God,  who  is  a jealous-God,  and  will  by  no 
means  fuffer  any  part  of  his  worfhip  to  be  paid  to  any 
.other. 

\ * * 

According  to  this  plain  and  natural  way  of  thinking, 
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as  we  are  baptized  by  one  and  the  fame  folemn  aft  of 
worfhtp,  “ In  the  name  of  the  Father,  and  of  the  Son, 
and  of  the  Holy  Ghoft  fo  we  ever  after  adore  them, 
without  any  degrees  or  inequality  of  worfliip  ; which, 
indeed,  as  it  is  truly  Divine,  can  admit  of  no  degrees 
or  inequality.  Whereas  they,  who  argue  for  an  ine- 
quality in  the  Divine  Perfons,  and  for  an  inferiority  of 
nature  in  the  Son  and  Holy  Ghoft  to  the  Father,  ne- 
ceffarily  involve  themfelves  and  all  their  adherents  in 
endlefs  uncertainty  and  confufion.  For  they  can  never 
fettle  the  different  kinds  and  degrees  of  that  lower  Di- 
Tine  worfliip,  (a  contradiction  in  the  very  terms)  which 
is  to  be  paid  to  the  Son  and  the  Holy  Ghoft.  They 
can  never  diftinguifh  it  with  fuch  exaCtnefs,  that  it 
Ihall  neither  be  the  worfliip  due  to  the  Supreme  God, 
that  honour,  which  is  to  be  paid  to  mere  creatures, 
and  varied  according  to  their  feveral  dignities. 

But  to  make  it  yet  more  clear,  that  the  mind  of 
man  cannot,  without  abfurdity,  have  any  other  con- 
ception of  the  Son  and  Holy  Ghoft,  than  as  being  one 
abfolutely  Supreme  God  with  the  Father,  and  one 
joint  ObjeCt  of  all  Chriftian  worfliip  ; let  us  colleCt  the 
two  feemingly-inconfiftent  dodrines,  into  oppofite  pro- 
pofitions. 


There  is  no  other  God, 
"but  one. 

Thou  {halt  worlhip  the 
Lord  thy  God,  and  Him 
only  Ihalt  thou  ferve* 

On  this  fide,  the  precepts 
are  exprefs  and  pofitive, 
for  oun  believing  in  one 
God  alone,  and  for  pay- 
ing Divine  worfliip  to  Him 
only.  They  are  full  and 
peremptory,  againft  ad- 
ireffing  ourfelves  religi- 
eufly  to  any  other,  than 
that  one  Supreme  God, 
vho  is  a jealous  God,  and 

will 


Let  all  the  Angels  of 
God  worfliip  Him. 

Baptize  all  nations  in 
the  name  of  the  Father, 
and  of  the  Son,  and  of 
the  Holy  Ghoft. 

On  this  fide,  the  pre- 
cepts are  equally  exprefs 
and  pofitive,  for  our  be- 
lieving the  Son  and  the 
Holy  Ghoft  to  be  God, 
and  for  the  whole  intelli- 
gent creation  to  pay  Di- 
vine worfliip  to  the  Son  ir 
particular.  They  are  Ake* 
wife  full  and  ai#  peremp- 
tory for  cur  addreffing 

cur 


X 


I 


( -263  ) 

■will  not  fufier  any  degree  ourfelves  in  one  of  the 
of  Divine  worfhip  to  be  > moft  folemn  a<Ss  of  Di- 
dire&ed  to  any  othervNor  vine  worfhip,  jointly  to 
.can  we  frame  any  bther  the  Father,  Son,  and  Ho- 
notion  of  idolatry,  than  ly  Ghoft.  And  as  we  are 
the  addreffing  ©urfelves  ei-  initiated  into  Chriftianity 
ther  in  body  or  mind,  by  by  this  a&,  fo  we  are  ever 
way  of  religious  worfhip  to  after  blefled  in  the  name 
any  other  being,  than  to  of  the  three  jointly : and 
the  Supreme  God.  aH  this,  without  the  leaft 

direct  or  indirect  mention, 
or  intimation,  of  any  ine- 
quality intheir  natures,  or 
of  any  diftindlion  in  their 
worfhip. 

Now  both  thefe  precepts  are  exprefs  Scripture,  and 
•therefore  equally  objedts  ©four  faith;  it  being  evident, 
that  here  is  no  contradiction  in  terms,  and  that  the 
feeming  contradiction  is  with  regard  to  a unity  and 
diftindtion,  for  the  direct  apprehenfion  of  which  there 
is  no  capacity  in  the  mind  of  man.  The  wifdom  of 
God  has  left  it  for  us  to  believe  .them  both,  and  to  re- 
concile them  according  to  the  beft  of  our  underftand-. 
Ing : not  by  taking  upon  us  to  (hew,  how  the  Divine 
Nature  is  One,  and  how  it  is  Three ; but  by  fblving 
the  feeming  oppofition,  in  a way  moft  obvious  to  a 
plain  capacity ; that  is,  by  concluding,  fince  there  is 
but  one  God,  who  alone  is  to  be  worfliipped,  and  fince 
the  Son  and  Holy  Ghoft  are  both  called  God  in  Scrip- 
ture, and  exprefsly  commanded  to  be  worfhipped  5 
therefore  they  are  One  with  the  Moft  High  God, 
though  how  they  are  One,  we  caunot  comprehend. 

Thus  has  the  Gofpei-revelation  improved  the  know- 
ledge of  mankind,  -in  thefe  important  points.  And  it 
has  no  lefs  improved  our  knowledge,  in  the  grand  ar- 
ticle of  future  rewards  and  punifhments. 

As  to  rewards,  i.  Whereas  all,  that  was  before  ex- 
pected in  the  other  world,  was  fenfual  pleafures  for 
the  body,  and  pleafing  contemplation  for  the  foul. 
Now  we  learn  the  joys  of  heaven  to  be  of  a fort, 
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thereof  nature  ran  give  us  no  conception  : we  fliallbe 
as  the  angels  of  God  in  heaven. 

2.  The  refurredtion  of  the  fame  body,  is  a point  en- 
tirely new,  of  which  Chrift’s  rifing  with  the  fame  bo~ 
d.y  allures  us.  That  this  body  will  be  changed,  is 
likewife  entirely  new.;  that  this  change  {hall  be  effected 
in  a moment ; that  the  dead  in  Chrift  (hall  rife  firft  ; 
that  their-change  fhall  be  into  the  likenefs  of  Ohrid's 
glorious  body  : all  which  particulars  are  beyond  what- 
ever could  have  been  fuggefted,  by  the  mere  under- 
{landing  of  man. 

Another  inftance  of  Revelation,  entirely  new  with 
refpedt  to  thefe  rewards,  is,  that  of  living  for  ever  in 
the  immediate  prefence  of  God,  the  fountain  of  all 
happinefs.  We  are  now  informed,  that  we  (hall  fee 
God,  as  He  is,  face  to  face,  in  whofe  prefence  is  ful- 
nefs  of  joy  ; that  we  fhall  be  where  he  is,  (hall  behold 
his  glory,  and  (hall  ftiine  forth  as  the  fun  in  the  king- 
dom of  our  Father.  This  is  a drain,  no  imagination, 
merely  human,  could  ever  reach  or  afpire  to.  We 
may  add,  that  whatever  the  wifeft  heathens  fpoke  .of 
future  <rewards,  was  only  from  faint  conjecture  : 
"whereas  now  we  have  the  plain,  and  exprefs,  and  re* 
peated  promife  of  God  for  them. 

As  to  future  punifhmeats,  we  learn  from  Revelati- 
on alone, 

1.  That  they  are  both  for  foul  and  body,  which 

are  didinguilhed  by  the  worm  that  dieth  not,  and  the 
fire  that  is  not  quenched.  And  accordingly  we  are 
bid  to  fear  Him,  who  is  able  to  dedroy  both  body  and 
foul  in  hell.  . i 

2.  That  the  foul  will  be  punilhed  with  everlading 
dedrudfion,  from  the  prefence  of  the  Lord.  That  the 
'chief  of  all  mifery,  in  another  life,  would  be,  exclud- 
ed from  the  light  of  God,  was  never  thought  of  by  the 
wifeft  heathens,  who  placed  all  happinefs  in  them- 
felves. 

3.  That  the  body  will  be  punilhed  by  fire,  than 
which  we  have  not  any  Revelation  more  exprefs  and 
pofitive.  And  as  it  is  an  indance  of  the  great  good- 
nefs  of  God,  that  the  joys  of  heaven  are  reprefentedf  fi- 
guratively, as  exceeding  the  ut  mo  ft -of  our  concep- 
tions ; 
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tionsj  fo  it  is  an  argument  of  his  ftriCt  jufttce,  that 
the  pains  of  hell  are  more  literally  foretold. 

4.  The  eternity  of  thefe  punifhments  is  revealed, -as 
plainly  as  words  can  exprefs  it.  Not  that  the  punifh- 
ments  denounced  are  mere  arbitrary  fandtions,  like 
thofe  annexed  to  human  laws.  But  thofg  denuncia- 
tions are  withal  fo  many  previous  warnings  of  the  in- 
evitable confequence,  the  natural  tendency  of  fin  to 
mifery.  So  that  an  unrepenting  finner  cannot  be  other- 
wife  than  miferable,  in  another  life,  by  a neceffity  of 
nature  : fince  there  never  can  be  any  alteration  of  his 
condition,  without  fuch  a . change  of  the  whole  man, 
as  would  put  the  natural  and  fettled  order  of  the  crea- 
tion out  of  courfe. 

With  refpeCt  to  thefe  rewards  and  punilhments,  we 
have  thefe  farther  revelations : that  the  very  Day  is 
appointed  by  God,  in  which  He  will  judge  the  world 
in  righteoufnefs,  by  the  Man,  whom  He  hath  ordain- 
ed ; that  He  hath  committed  all  judgment  to  the  Son  ; 
and  that  all  mankind  mud  come  upon  their  trial  at 
once.  The  glorious  pomp  and  majefty  of  his  appear- 
ance, the  awful  folemnity  of  the  whole  procedure,  nay, 
the  very  words  of  the  fentence,  both  on  the  juft,  and 
on  the  unjuft,  are  difcovered  to  us.  It  is  farther  re-* 
vealed,  that  in  this  day  of  God,  while  He  defcendeth 
with  ten  thoufands  of  his  angels,  the  heavens  being  on 
fire,  {hall  ■ be  diflolved,  and  the  elements  (hall  melt 
with  fervent  heat.  Thefe  are* the  terrors  of  the  Lord, 
which  are  fufficient  to  make  the  ftout-hearted  tremble, 
and  are  fuch  motives  to  all  holinefs  of  heart,  and  ho- 
linefs  of  converfation,  as  nothing  but  infidelity,  or 
wilful  want  of  confederation,  can  render  ineffectual. 


HAVING  now,  as  my  leifure  and  abilities  per- 
mitted, taken  a Survey  of  the  Wifdom  of  God  in  the 
Creation  ; before  I conclude,  it  may  not  be  improper 
to  add  fomething,  in  anfwer  to  thofe  on  the  one  hand, 
who  imagine  all  inquiries  of  this  kind  to  be  vain,  fruit* 
lefs  labour  ; and  thofe  on  the  other,  who  fpend  more 
, Vot,  IV.  M time 
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time  therein,  than  is  confident  either  with  religion  or 
reafon. 

I do  this  chiefly  in  the  words  of  that  great  ornament 
of  his  profeffion,  the  Lord  Chief  Juftice  Hale.  He 
fuppofes  the  good  fteward  giving  in  his  account,  at  the 
laft  day,  thus  to  fpeak.  { Happy  is  he,  who  can  adopt 
his  words,  in  fpeaking  to  the  Judge  of  all!) 

1.  I have  not' looked  upon  thy  works  inconfiderate- 
and  palled  them  over  as  ordinary  things.  But  I 

have  ftudioufly  and  diligently  fearched  into  them,  as 
things  of  great  eminence  and  wonder ; and  have  ef- 
teemed  it  part  of  the  duty,  which  the  wife  God  of  na- 
ture requires  of  the  children  of  men,  who,  for  that 
very  end,  expofed  thefe  his  works  to  the  view  of  his 
intelligent  creatures,  and  gave  us  not  only  eyes  to  be- 
hold, but  reafon,  in  £bme  meafure,  to  underftand 
them.  Therefore  I have  ftriCtly  obferved  the  frame  of 
the  world,  and  its  feveral  parts,  the  motion,  order, 
and  Divine  economy  of  them.  I have  fearched  into 
their  quality,  caufes,  and  operations  j and  have  difco- 
vered  as  great,  if  not  greater  matter  of  admiration 
therein,  than ’in  the  beauty,  which  at  firft  view,  they 
prefented  to  my  fenfe. 

2.  And  this  obfervation  did  not  reft  in  the  bare  pe- 
rufal  of  the  works  themfelves,  or  in  the  fearching  out, 
fo  far  as  that  could  be  done,  their  immediate  natural 
caufes.  But  I traced  their  being,  dependence,  and  go- 
vernment, unto  Thee,  the  .Firft  Caufe  of  all.  And 
by  this  tracing  of  things  to  their  Original,  I was  led  to 
a demonftrative  conviction,  that  there  is  a God,  who 
is  the  Great  Caufe,  both  of  their  being  and  motions : 
yea,  that  there  is  but  one  God  ; that  He  is  molt  Pow- 
erful, moll  Wife,  knowing  all  things,  governing  all 
things,  fupporting  all  things.  Upon  thefe  convictions, 

I.  was  ftrengthened  in  the  belief  of  thy  holy  word, 
which  bad  fo  great  a congruity  with  thefe  truths. 

3.  And,  upon  thefe  convictions,  I did  learn  the 
more  to  honour,  reverence,  and  admire  Thee;  and  to  . 
worftiip,  ferve,  and  obey  Thee ; to  walk  humbly,  and 
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ftncerely,  and  lawfully,  before  Thee,  as  being  prefent 
with  me,  and  beholding  me ; to  love  and  adore  Thee, 
as  the  Fountain  of  all  being  and  good.  When  I looked 
upon  the  gloty  and  ufefulnefs  of  the  fun,  I admired 
the  God  that  made  it,  chalked  out  its  motions,  placed 
it  in  that  due  didance  from  the  earth,  for  its  ufe  and 
conveniency.  When  I looked  upon  the  ftars,  thole- 
huge  and  wonderful  balls  of  light,  placed  at  that  im- 
menfe  diftance  from  the  inferior  bodies,  and  one  from 
another,  their  multitude  and  motion ; 1 admired  the 
wifdom  and  power  of  that  God,  whofe  hand  fpans  the 
heavens,  and  has  fixed  every  thing  in  its  place.  Nay, 
when  I looked  upon  the  poor  little  herbs,  that  arife  out: 
of  the  earth,  and  confldered  the  fecret  fpark  of  life, 
which  is  in  every  one  of  them,  that  attracts,  increaf. 
eth,  groweth,  produces  feed,  preferves  them  and  their 
kinds ; the  various  virtues  that  are  in  them,  for  the 
food,  medicine,  and  delight,  of  the  more  perfect  crea- 
tures ; my  mind  was  fweetly  carried  up,  to  the  ado- 
ration and  praife  of  that  God,  whofe  wifdom,  anc? 
power,  and  influence,  and  government,  are  feen  its 
thefe  footfteps  of  his  goodnefs. 

So  that  take  all  the  wifeft  and  ableft  men,  the  mot' 
powerful  and  the  mod  knowing,  under  heaven,  they 
cannot  all  equal  the  wifdom  and  power,  that  are  feen 
in  a blade  of  grafs.  Nay,  they  cannot  fo  much  as 
trace  out,  or  clearly  and  diftindtly  decypher,  the  great 
varieties  in  the  production,  growth,  and  procefs,  of 
its  Ihort,  yet  wonderful,  continuance.  Infomuch  that 
there  is  fcarce  any  thing  upon  earth,  be  it  ever  fo  in- 
confiderable,  but  yields  me  inferiptions  of  the  power 
and  wifdom  of  its  Maker  written  upon  it. 

4 ■.  In  the  contemplation  of  thy  great  works  of  the- 
heavens,  thefe  goodly,  beautiful,  and  numerous  bo- 
dies, fo  full  of  glory  and  light,  I could  not  but  make 
that  natural  reflection,  - Lord,  what  is  man,  that  thotr 
art  mindful  of  him,  or  the  fon  of  man  that  thou  re- 
garded him  ? It  is  true,  man,  confidered  in  himfelf, 
is  a creature  full  of  wonder ; but  compared  with  thefe 

foodly  creatures,  he  feems  but  an  inconfiderable  thing, 
learned  hereby,  to  be  humbled  to  the  duft,  and  te 
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adore  thy  condefcenfion,  that  thou  art  pleafed  from  - 
heaven,  the  dwelling-place  of  thy  Majefty,  to  take 
care  of  luen  a worm  as  man,  finful  man ! 

v ' v : 

* . N 

5.  In  the  contemplating  thy  power  and  wifdom,  in 
creating  and  governing  the  world,  I have  learned  fub- 
miffion  to  thy  will,  as  being  the  will  of  that  mod  wife 
God,  that  by  his  wifdom  not  only  created  at  firft,  but 
(till  governs,  all  things.  I have  learned  to  depend 
upon  thy  Providence,  who,  though  I am  but  a worm 
in  comparifon  of  thy  heavenly  works,  yet  am  an  excel- 
lent creature  in  comparifon  of  the  ravens,  and  the  * 
herbs  of  the  field.  Yet  thofe  he  feeds,  and  thefe  he 
clothes : and  fhall  he  not  much  more  clothe  and  feed 
me  ? Thus,  I have,  in  fome  meafure,  improved  the 
talent  of  thy  works,  to  trace  out  thy  Majefty,  and 
my  own  duty,. 

Now  is  It  vain  or  fruitlefs  labour,  thus  to  furvey  the 
wonderful  works  of  God  ? And  yet  it  is  certain,  we 
may  run  to  excefs,  even  in  inquiries  of  this  nature.; 
We  may  fpend  far  more  time  and  pains  iherein,  than 
is  confiftent  either  with  religion  or  reafon.  Have  we 
not  a curious  inflance  of  this  in  the  writings  of  a late 
eminent  philofopher ; at  the  fame  time,  a~divine  by 
profeflion,  and  re&or  of  a confiderable  parifh,  “ Du- 
ring the  whole  time,”  fays  he,  “ that  -I  have  refided 
here,  I have  not  been  able,  by  all  my  induftry,  to  dis- 
cover any  more  than  fifty-three  fpecies  [of  butterflies !] 
in  this  neighbourhood.  But  I very  believe,  if  God 
fpares'my  life  a few  years  longer,  I fhall  be  able  to  find 
feveral  more  !”  Was  it  not  pity,  but  his  life  fhould 
have  been  fpared  fifty  years  for  fo  excellent  a pur- 
pofe? 

To  thofe,  who  lean  on  this  extreme,  I would  re- 
commend a few  more  reflections,  extracted  from  the 
fame  mafterly  writer. 

1.  My  learning  of  natural  caufes  and  effects,  and  of 
arts  and  fciences,  I have  not  efteemed  to  be  the  "chief, 
or  the  beft  furniture  of  my  mind  ; but  have  accounted 
them  drofs  in  comparifon  of  the  knowledge  of  Thee, 

and 
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thy  Chrift,  and  him  crucified.  In  acquiring  them,.  I 
have  always  taken  care,  I.  That  I might  not  too  pro- 
digally beftow  my  time  upon  them,  to  the  prejudice  of 
that  time  and  pains,  which  were  mod  profitably  be- 
llowed, on  the  acquiring  of  more  excellent  knowledge, 
and  the  greater  concernments  of  my  everlafting  hap- 
pinefs.  ~ 

* k 

2.  I carried  along  with  me,  in  all  my  ftudies  of  this 
kind,  the  great  defign  of  improving  them,  and  the 
knowledge  acquired  by  them,  to  the  honour  of  thy 
name,  and  the  greater  difcovery  of  thy  wifdom,  pow- 
er, and  truth  ; and  fo  tranflated  my  fecular  learning, 
into  an  improvement  of  Divine  knowledge.  And  had 
I not  ever  preferred  that  defign,  in  my  acquirement  of 
natural  knowledge,  I fliould  have  accounted  all  the 
time  mifpent,  which  had  been  employed  therein.  For 
I ever  thought  it  unworthy  of  a man,  who  had  an 
everlafting  foul,  to  furnifh  it  with  fuch  learning,  as 
either  would  die  with  the  body,  and  fo  become  unufe- 
ful  for  his  everlafting  ftate,  or  that,  in  the  next  mo- 
ment after  death,  would  be'attained  without  labour* 

' * ' ^ 4 * T" 

3.  My  knowledge  did  not  heighten  my  opinion  of 
myfelf : for  the  more  I knew,  the  more  I knew  my  own 
ignorance.  I was  more  and  more  convinced,  that  I 
Was  very  ignorant,  even  in  what  1 thought  I knew. 
And  I found  an  infinite  latitude  of  things,  which  I did 
not  know  at  all.  Yea,  the  farther  I waded  into  know- 
ledge, the  deeper  ftill  I found  it.  And  it  was  with 
me,  juft  as  it  was  with  a child,  that  thinks,  if  he 
could  but  come  ta  fuch  a field,  or  climb  to  the  top  of 
fuch  a hill,  he  fhould  be  able  to  touch  the  . Iky.  But 
mo  fooner  is  he  come  thither,  than  he  finds  it  as  far  off, 
as  it  was  before.  Juft  fo,  while  my  mind  was  purfuing 
knowledge,  I found  the  object  ftill  as  far  before  me  as 
it  was,  if  not  much  farther  ; and  could  no  more  attain 
the  full  and  exaft  knowledge  of  any  one  fubjeft,  than 
the  hinder  wheel  of  a chariot  can  overtake  the  former. 
Though  I knew  much,  that  others  were  ignorant  Of, 
yet  ftill  I found  there  was  much  more,  whereof  1 was* 
ignorant,  than  what  I knew,  even  in  the  compafs  of 
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the  moft  inconfiderable  fubje<fl.  And  as  my  very 
knowledge  taught  me  humility,  in  the  fenfe  of  my  own 
ignorance,  fo  it  taught  me  the  narrownefs  of  my  un- 
derftanding which  could  take  in  things  only  by  little 
and  little.  It  taught  me,  that  thy  wifdom  was  un- 
ftarchable,  and  paft  finding  out : yea,  and  that  thy 
•works,  though  they  are  but  finite  in  themfelves,  and 
necefTarily  fhort  of  the  infinite  Wifdom  that  contrived 
them,  are  yet  fo  wonderful,  as  fully  to  confirm  the  ob- 
fervatioii  of  the  wife  man.  No  man  can  find  out  the 
work,  that  Thou  make  ft,  from  the  beginning  to  the 
end.  If  a man  were  to  fpend  his  whole  life,  in  the 
Itudy  of  a poor  fly,  he  will  ftill  leav<smuch  more  un« 

difcovered,  than  the  molt  Angular  wit  ever  attained. 

* 

4.  It  taught  me  alfib,  with  the  wife  man,  (when  I 
looked  back  on  what  I had  attained)  to  write  vanity 
^nd  vexation,  upon  all  my  fecular  knowledge  and 
learning.  That  little  I knew,  was  not  attained  with- 
out much  labour,  nor  yet  free  from  much  uncertainty* 
And  the  great  remainder,  which  1 knew  not,  rendered 
that  I knew,  poor  and  inconfiderable* 

5.  Hence  I did  moft  evidently  conclude,  that  the 
j>erfeftion  of  my  underftanding  was  not  to  be  found ; 
as  neither  my  happinefs,  in  this  kind  of  knowledges 
in  a knowledge  thus  fenfibly  mixed  with  ignorance,  in 
the  things  I feemed  to  know,  mingled  with  pain  and 
diflatisfaftion,  in  refpedt  of  the  things  I knew  not. 
And  the  more  I knew,  the  more  impatient  my  mind 
was,  to  know  what  it  knew  not.  My  knowledge  did 
rather  enlarge  my  defire  of  knowing  than  fatisfy  me. 
'The  moft  intemperate  fenfual  appetite,  was  more  capa- 
ble of  being  fatisfied  by  what  it  enjoyed,  than  my  in- 
tellectual appetite  was,  of  being  fatisfied  with  the  things 
I knew.  The  enlarging  my  underftanding  with  know- 
ledge, did  but  enlarge  the  defire  I had  to  know.  So 
that  the  anfwer  which  was  returned  to  Job,  upon  his 
inquifition  after  wifdom,  “ The  depth  faith,  it  is  not 
in  me  ; and  the  fea  faith,  it  is  not  in  me.”  The  fame 
account,  all  my  feveral  kinds  of  knowledge  gave, 
when  I inquired  fdr  fatisfadlion  in  them.  My  metaphy- 
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fees,  when  I had  perafed  great  volumes  of  it,  was  iq 
mercurial,  I could  hardly  hold  it*  and  yet  fo  endlefe, 
that  the  more  I read,  or  thought  of  it,  the  more  I 
might.  Natural  Philofophy,  almoft  in  every  branch 
was  full  of  uncertainty.  Much  of  it  was  grounded  on 
dtippcrfftions  impof&ble  to  be  experimented.  The  latter 
philOfophers  cenfured  the  former,  and  departed  from 
them.  The  late (l  defpifed  and  remedied  both,  as  equal- 
ly ignorant.  The  fubjedt  to  be  treated  of,  was  as  vafty 
as  the  vilible  or  tangible  univerfe.  And  yet  every  in«> 
dividual  thing  was  fo  complicated*  that  if  all  the  reft 
were  omitted,  this  alone  had  more  lines  concentered  in 
it,  than  any  one  age  could  lift  to  the  bottom.  Yet 
any  one  loft,  or  not  exactly  fcanned,  left  all  the  reft 
precarious  and  uncertain.  And  what  could  we  expedfe 
to  know,  while  we  know  not  ourfelvesy  not  even  our 
own  bodies?  Yet  hone  could  ever  do  this  : the  difqjui- 
fitiorr  concerning  any  one  part  of  the  human  body,  the 
brain,  the  eye,  the  blood,  the  nerves,  utterly  per* 
plexed  the  molt  ejfcadt  fcrutators.  But  fuppofe  it  were 
other  wife  : fuppofe  We  c6uld  attain  a full  knowledge 
of  Philofophy,  that  We  could  mafter  every  branch 
thereof,  yet  three  unhappineftes  attend  it : 

Firft,  That  mod  parts  of  it  are  of  little  ufe  f they 
are  only  known,  that  they  may  be  known.  That  which 
is  of  ordinary  ufe,  h foon  attained,,  and  by  ordinary 
capacities;  the  reft  are  little  better  than  laborious 
trifles,  curious  impertinences*.  * sr 

Secondly,  That  they  ferve  only  for  this  life : a fepar- 
ratedfoul,  of  a fpirituallzed  body  will  not  be  concern* 
edl  it)  them; 

But  admit  they  fhoufd,  yet  Thirdly,  a greater  mea- 
fure  of  fuch  knowledge  will  be  attained,  in  one  hour 
after  our  diifdlutron,  than  the  toilfome  expenfe  of  an 
age  in  this  life  would  produce.  Wha^a  deal  of  pains 
is  taken  here,  concerning  the  motion  of  thtf  fun  or 
eaTth  ; concerning  the  habitablenefs  of  the  moon,  and 
other  primary  or  fecondafy  planets  * concerning  the 
nature,  the  magnitude,  and  the  di  dance  of  the  flxed 
fears : concerning  the  various  influences  of  the  heavenly 
bodies,  in  their  oppofitions,  conjuridtions,  afpedts  l 
When  once  the  immortal’  has  taken  its  flight  through 
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the  (lories  of  the  heavens,  in  one  moment  all  thefe  will 
be  known  diftinftly  and  evidently.  All  our  doubts 
will  be  refolved,  and  our  fouls  filled  with  light,  with- 
out any  mixture  of  darknefs. 

Upon  all  thefe  confiderations  I concluded,  that  my 
intellectual  power,  and  the  exercife  of  it  in  this  life, 
was  given  for  a certain,  ufeful  and  becoming  objeCt, 
even  to  know  thee,  the  only  true  God,  and  Jefus 
Chrift  whom  thou  haft  fent. 

In  many  parts  of  the  preceding  traCl,  I have  occa- 
ftonally  touched  on  the  littlenefs  of  human  knowledge. 
Perhaps  a few  more  obfervations  on  this  important 
head,  may  not  be  unacceptable  to  the'  ferious  reader. 

1 propofe  them  barely  as  hints,  which  may  be  purfued 
at  large,  by  men  of  reflection  and  leifure. 

To  begin  (where  we  ended  before)  with  the  things 
which  are  at  the  greateft  diftance  from  us.  How  far 
does  the  univerfe  extend,  and  where  are  the  limits  of 
it  ? Where  did  the  Creator  “ ftay  his  rapid  wheels  !” 
Where  “ fix  the  golden  compafles  ?”  Certainly  him- 
felf  alone  is  without  bounds,  but  all  his  works  are  fi- 
nite. Therefore  he  muft  have  laid  at  fome  point  of 
fpace, 

2 1 * ' 

“ Be  thefe  thy  bounds ; 

This  be  thy  juft  circumference,  O world  l” 

But  where,  who  can  tell  ? Only  the  moming-ftars  who 
then  fang  together,  the  fons  of  God,  who  then  fhouted 
for  joy.  All  beyond  the  region  of  the  fixed  ftars  is  ut- 
terly hid  from  the  children  of  men.  . 

r * » i 4 

And  what  do  we  know  of  the  fixed  ftars  ? A great, 
deal  one  would  imagine  : fince,  like  the  Moft  High 
we  too  tell  their  number,  yea,  and  call  them  all  by 
their  names  ! Thofe  at  leaft  which  appear  to  thenaked 
eye,  both  in  the  northern  and  fouthern  hemifphere. 
But  what  are  thefe,  in  companion  of  thofe  which  our 
glades  difcover,  even  in  an  inconfiderable  part  of  the 
firmament  ? What  are  one  or  two  and  twenty  hun- 
dred, to  thofe  which  we  difcover  in  the  milky  way  alone  ? 

How 
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How  many  are  there  then  in  the  whole  expanfe,  vs 
the  boundlefs  field  of  ether  ? But  to  what  end  do  they 
ferve  ? to  illuminate  worlds?  To  impart  light  and 
heat  to  their  feveral  choirs  of  planets  ? Or  (as  the  in- 
genious Mr.  Hutchinfon  fuppofes)  to  gild  the  extremi- 
ties of  the  folar  fphere,  which,  according  to  him  is  the 
only  inhabited  part  of  the  univerfe  ; and  to  minifter  in 
fome  unknown  way,  to  the  perpetual  circulation  of 
light  and  fpirit  ? 

* V 

For  our  fakes  only  that  great  man  apprehends  the* 
comets  alfo  to  run  their  amazing  circuits  ! But  what 
are  comets  ? Planets  not  fully  formed  ? Or  planets  de- 
ftroyed  by  a conflagration  ? Or  bodies  of  an  wholly 
different  nature,  of  which  therefore  we  can  form  no 
idea  ? How  eafy  is  it  to  form  a thoufand  conje&ures  : 
how  hard  to  determine  any  thing  concerning  them  ? 
Can  their  huge  revolutions  be  even  tolerably  account- 
ed for,  by  the  principles  .of  gravitation  and  projection  ? 
Has  not  Dr.  Rogers  overturned  the  very  foundation 
of  this  fafhionable  hypothefis  ? What  then  brings 
them  back,  when  they  have  travelled  fo  immenfely  far' 
beyond  the  fphere  of  the  folar  attraction  ? And  what 
whirls  them  on,  when  by  the  laws  of  gravitation,  they 
would  immediately  drop  into  the  folar  fire  ? 

? % “ --  # 

What  fs  the  fun  itfelf  ? ft  is  undoubtedly  the  moll' 
glorious  of  all  the  inanimate  creatures.  And  its  ul» 

we  know.  God  made  it  to  rule  the  day.  It  is 

\ . • 

u Of  this  great  world  both  eye  and  foul.” 

But  who  knows  of  what  fubftance,  it  is  compofed  T 
Or  even  whether  it  be  fluid  or  folid  ? What  are  thofe 
fpots  on  his  furface,  that  are  continually  changing  ? 
What  are  thofe  that  always  appear  in  the  fame  place  ? 
What  is  its  real  magnitude  ? Which  flia.ll  we  embrace,: 
amidft  the  immenfe  variety  of  opinions  ? Mr.  Whif- 
ton  indeed  fays,  that  eminent  aftronomers  are  nearly 
agreed  upon  this  head.  But  they  cannot  agree  con- 
cerning his  magnitude,  till  they  agree  concerning: 
his  diltance.  And  how  far  are  they  from  this? 
The  generality  of  them  believe,,  that  he  is  near  a huiv 
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6ted'  millions  of  miles  from  the  earth;  Others  foppofe 
it  to  be  twenty,  feme  twelve  millions : and  lhft‘  comes 
DV.  Rogers,  and  brings  a clear  and  Ml  demonftrationr 
fo  he  terms  it,  that  they  are  not*  three  millions  from 
each  other.  What  an  unbounded'  field  for  conjecture 
is  here  ? But  what  foundation  for  real  knowledge  ? 

Jttfe  as  much  db  we  know  of  the  feebly  feining  bo- 
dies that  move  regularly  round  the  fun  : of  jupiter, 
faturn,  and  other  planets.  Their  revolutions  we  are 
acquainted  with.  But  who  is  able  to  this  day,  regu- 
larly fb  demonftrate,  either  their  magnitude  or  their 
diftance  ? TJnlefs'  he  will  prove,  as  is  the  ufual  way, 
the  magnitude  from  the  diftance,-  and  the  diftance  from 
the  magnitude  ; and  what  are  Jupiter’s  belts  ? Can  any 
man  tell  ? What  is  fafum’s  ring  ? The  honeft  plough- 
man knows  as  well  as  the  deepeft  philbfopher.  How 
- many  fatellites,  fecondary  planets,  move  round  Jupi- 
ter ^r-Saturn  ? Are  we  fure  even  of  their  number? 
How  much  lefs  of  their  nature,  fize,  motions,  or  di£ 
tances  from  the  primary  ? But  what  wonder  we  are 
lb  ignorant  concerningTaturn’s  moons,  when  we  know 
lb  little  of  our  own  ? For  although  fome  men  of  genius 
fcfeave  not  only  difeovered 

44  Rivers  and  mountains  on  her  fpotty  globe,5’ 

. . ..  • .1  . 

But  have  travelled  over  the  whole  hemifphere  which  is 
©bverted  to  us,  (and  why  is  the  fame  hemifphere  al- 
ways ob verted  ? What  reafon  can  be  affigned,  why 
we  do  not  fee  the  other  hemifphere  in  its  turn?)  have 
marked  out  all  her  feas  and  continents,  with  the  utmofe 
teaCtnefs:  yea,  and  carried  felenography  to  fo  great 
perfe&ion,  as  to  give  us  a complete  map  of  the  moon: 
yet  do  others  ( and  not  without  reafon  doubt,  Whether 
fee  has  any  atmofphere,  . And  if  {he  has  not  any,  fee 
can  have  no  rain  or  dews,  nor  confequently  either  feas 
ev  rivers.  So  that  after  all,  we  have  nothing  more 
than  mere  conjectures,  concerning  the  neareft  of  all 
the  heavenly  bodies. 

* .9 

What  is  it  that  contains  them  all  in  their  orbits 
And  what  is  the  principle  of  their  motions  ? By  what ' 

created 
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created  Power,  what  outward  or  inward  force  are  they 
thrown  forward  to  fuch  a point,  and  then,  brought 
back  again  to  a determinate  diftance  from;  the  central 
fire  ? Dr.  Rogers  has  evidently  demonftrated,  that  no 
conjunction  of  the  centrifugal  and  centripetal  force,, 
can  poflibly  account  for  this,  or  ever  caufe  any  body 
to  move  in  an  ellipfis.  Will-  light  moving  outward,, 
and  returning  inward  in  the  form;  of  fpirit,  account 
for  them  ? Nay,  if  they  take  away  fome,  they  plunge 
us  into  other  difficulties,,  no  lefs  coiifiderable.  So  that 
there  is  reafbn  to  fear,  that  even  the  Newtonian,  yea, 
and  Hutchinfonian  fyftem,  however  plaufible  and1  in- 

fniious,  and  whatever  advantage  they  may  have  ill 
veral  particulars,,  are  yet  n©  more  capable  of  felid 
convincing  proof,  than,  the  Ptolemaic  or  Cartefian. 


But  let  uv  come  to  things  that*  are  nearer  Horned 
mid  fee  what  knowledge  we  have  of  them.  And  howr 
much  do  we  know  of  that  wonderful  body,,  that  ena-  / 

Wes  me  to  fee  and  know  all  things  around'  us  ? I 
mean  light.  How  is  it  communicated  to  us  ? Does  ic 
flow  in  a lucid  river,,  in  a countinuedftream  from  thd 
ctrb  of  the  fun  to-  the  earth?  Or  does  the  fun  impel 
tftofe  particles  only,,  which  are-  contiguous  to  his  orb,; 
which  impel  others,  fo  on  and- on,  to  the  extremity  off 
his  fyftem  ? Again,  are  the  particles  of  light,  natural- 
ly and  eflemially  lucid  ? Or  only  by  accident,  when 
they  are  collected  l Or  when  put  into  motion  ? Yefit 
again,  does  light  gravitate  or  not  ? Does  it  attract  other 
bodies,  or' repel  therm?  Is  it  the  ftrongeft,  or  the  only 
repellent  in  nature,  and  what  communicates  that  pow- 
er to  all  repellents-  in  nature  ? Is  this  power  the  fame- 
with  electricity,.  or  wherein  does  it  differ  therefrom  V 
Is  light  fubjeCfc  to  the  general  laws,  which  obtain  iir 
all  other  matter  ? Or  is  it  a body  fui  generis,,  altoge- 
ther different  from  all  other  bodies  ? Is  it  the  fame,  op- 
how  does-  it  differ  from  ether  ? Sir  Ifaac  Newton's* 
fubtle  matter  ? What  is  ether  ? Wherein  does-  it  differ 
from  the  electric  fluid  ? Who  can  explain. (and  demon- 
ftrate  the  truth  of  his  explanation)  the  phenomena  off 
electricity  ? Why  do  fome  fubftances  conduct  the  elec- 
tric matter,  and  others  afreft  its  courfe?  Why  does  at  % 

globes 
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globe  of  glafs  and  another  of  fulphur  juft  counter-ad 
each  other  ? Why  is  the  coated  phial  capable  of  being 
charged  juft  to  fuch  a point,  and  no  farther  ? O Crux 
Philofophorum  ! Superabundant  proof  of  the  (hortnefs 
of  human  knowledge  ! 

But  let  us  confider  what  is  not  of  fo  fubtle  a nature, 

. nor  therefore  fo  liable  to  elude  our  inquires.  Surely 
we  underftand  the  air  we  breathe,  and  which  encom- 
paffes  us  on  every  fide.  By  its  elafticity  it  feems  to  be 
the  grand  mover  and  general  fpring  of  all  fublunary 
nature.  But  is  elafticity  eflential  to  air,  and  cojife- 
quently  infeparable  from  it  l Not  fo.  It  has  been  late- 
ly proved,  by  numberlefs  experiments,  that  it  may  be 
fixed,  diverted  of  its  elafticity,  and  generated  or  re- 
ftored  to  it  anew.  Therefore  elafticity  is  not  eflential 
to  air,  anymore  than  fluidity  is  to  water.  Is  it  then 
elaftic  any  other  wife  than  as  it  is  joined  to  another  bo- 
dy ? As  every  particle  of  air,  is  in  its  ordinary  ftate, 
attached  to  a particle  of  ether  or  eledtric  fire,  does  it 
not  derive  its  whole  elafticity  from  this,  (perhaps  the 
only  true,  eflential  elaftic  in  nature)  and  confequently, 
when  feparated  from  this,  lofe  all  its  elaftic  force?  For 
want  of  which  it  is  then  effete,  and  will  neither  fuftain 
flame,  nor  the  life  of  animals. 

By  what  powers  do  the  devr,  the  rain,  the  other  va- 
pours rife  and  fall  in  the  air?  Can  we  account  for  all 
the  phenomena  of  them,  upon  the  common  principles? 
And  can  we  demonftrate  that  this  is  the  true,  the  moft 
rational  way  of  accounting  for  them  ? Or  fhall  we  fay, 
with  a late  ingenious  writer,  that  thofe  principles  are 
utterly  infufncient  ? And  that  they  cannot  be  accounted 
for  at  all,  but  upon  the  principles  of  electricity  ? 

Do  we  thoroughly  underftand  the  nature  and  pro- 
perties of  the  atmofphere  that  furrounds  us  ? That  im- 
menfe  congeries,  not  only  of  air  and  vapours,  whether 
of  a watry  or  inflammable  nature,  but  likewife  of  ef- 
fluvia of  every  kind,  which  are  continually  (learning 
out  from  folid  as  well  as  fluid  bodies,  in  all  parts  of 
the  terraqueous  globe  ? Do  all  our  inftrumenls,  with: 
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all  the  improvements  of  them,  fuffice  to  give  us  a 
thorough  knowledge  of  its  conftituent  parts  ? Do  they 
inform  us  of  their  innumerable  combinations  and 
changes,  with  the  remote  and  immediate  caufes  of 
them  ? Very  far  from  it  ; and  yet  it  is  not  a barely 
curious  knowledge,  but  ufeful  in  the  higheft  degree  : 
feeing  for  want  of  it,  not  only  various  difeafes,  but  of- 
ten death  itfelf  enfues* 

. Let  us  defcend  to  what  is  of  a ftill  more  firm  and  lia- 
ble nature,  and  fubjedt  to  the  fcrutiny  of  all  our  fenfes  i. 
namely  the  earth  we  tread  upon, . and  which  God  hath 
peculiarly  given  to  the  children  of  men.  Do  the  chil- 
dren of  men  underhand  this  ? Of  what  parts  then  is  it 
compofed  ? I fpeak  now  of  its  internal  parts,  in  com- 
panion of  which  the  furface  is  next  to  nothing.  Many 
arguments  induce  us  to  believe  that  the  eai$h  is  be- 
tween feven  and  eight  thoufand  miles  in  diameter.  How 
much  of  this  do  we  know  i Perhaps  fome  cavities,  na- 
tural or  artificial,  which  have  been  examined  by  men,, 
defcend  one,  or  even  two  miles  beneath  its  furface^ 
But  what  lies  beneath  thefe  ? Beneath  the  region  of 
foflils,  of  ftones,  metals  and  minerals  ? Thefe  being 
only  a thin  exterior  cruft.  Whereof  confift  the  inner 
parts  of  the  globe  ? Of  a Nucleus,  (as  an  eminent  maa 
fuppofes,  in  order  to  account  for  the  variation  of  the 
needle)  and  a luminous  medium  interpofed,  between 
that  and  the  outer  fheli?  Or  is  there  a central  fire,  a 
grand  refervoir,  which  fupplies  all  the  burning  moun- 
tains : as  well  as  minifters  to  the  ripening  of  gems  and 
metals,,  if  not  of  vegetables  alfo  l Or  is  the  great  deep 
ftill  contained  in  the  bowels  of  the  earth,  a central 
abyfs  of  waters  ? Who  hath  feen  ? Who  can  tell  ? Who 
can  give  any  folid  fatisfadtion  to  a rational  inquirer  i 

But  what  vender  if  we  are  ignorant  of  its  internal 
nature  l For  how  many  parts  are  there  on  the  furface 
of  the  globe,  which  after  all  .the  difcoveries  of  later 
ages,  are  ftill  utterly  unknown  to  us  ? Howr  very  little 
do  we  know  of  the  polar  regions,  either  in  Europe  or 
Afia  ? In  Afia  particularly,  wfiere  all  but  the  fea-coaft, 
is  mere  terra  incognita  i How  little  do  we  know  of  the 
, inland 
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mfoncF  parts  either  of  Africa  or  America  ?‘  Either  of 
the  foil*  the  climate,  the  fruits,  the  animals,  or  the 
human  inhabitants.  So  far  are  we  from' having  any 
proper  knowledge  of  thefe,  that  we  can  fcarce  form 
any  rational  conje&ure  about  them. 

And  who  knows  what  is  contained  in  thebroad  fear, 
in  the  abyfs  that  covers  fo  large  a part  of  the  globe  ? 
Many  indeed  go  down  to  the  fea  in  fhips,  and  occupy 
their  bufinefs  in  the  great  / waters.  But  what  know 
they,  of  what  is  contained’  therein : either  of  its  ani- 
mal inhabitants,  its  productions  of  the  vegetable  kind, 
or  thofe  of  a mineral  or  metallic  nature  ? Mott  of  its 
chambers  are  inacceffible  to  man,  fo  that  how  they 
are  fumifhed,  we  know  not-  leviathan  may  take  his 
paftime  therein  t but  they  are  not  deiigned  for  the  chib* 
cfrenofmeh- 

Btrt  let  us  come  nearer  home:  How  little  do  we 

know  even  of  the  furniture  of  the  dry  land  ? Survey 
thofe  things  which  fall  directly  under  our  notice,  evert 
the  moft  fimple  ftones,  metals,  minerals.  How  ex- 
ceeding imperfe&ly  are  we  acquainted,  with  their  na^ 
tore  and  properties  i What  is  there  in  the  inward  con- 
fthution  of  metals,,  which  diftinguifhes  them  from  all 
other  foffils  ? From  ftones  in  particular  ? *♦  Why 

they  are  heavier.”  True  ‘r  but  what  makes  them  hea- 
vier ? 1 doubt  whether  Solomon  hinrfeif  was  able  to 
affign  the  reafoia.  What  is  the  original,  internal  dif- 
ference between  gold  and  filver,  or  between  tin  and 
lead  i ‘Tis  all  myttery  to  the  fbns  of  men-  And  yet 
vain  man  would  be  wife  L 


“ If  all  the  men  in  the  world,  fays  the  great1  Mr. 
Boyle,  were  to  fpend  their  whole  lives  in  die  fearch } 
they  would  not  be  able  to  find  out  all  the  properties 
of  that  iingle  mineral,;  antimony.”  And  if  ail  ment 
could  know  fo  little  of  one  thing,  how1  little  can  one 
know  of  all 


Let  us  proceed  to  the  higher  parts  of‘  the  creature. 
Obferve  the  vegetable  kingdom.  And  here*  alfo  wbats. 

ever 
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eve r cfifplaysthe  wifdom  of  the  Creator,  difeovers  the 
ignorance  of  His  creature.  Who  can  clearly' determine 
even  the  fundamental  queftion,  concerning  the  general 
nature  of  vegetables-.  Does  the  fap  perform  a regular 
circulation  through  their  velfels  or  not?1  How  plaufi- 
ble  arguments  have  been  brought,  both  on  the  one 
fide  and  the  other  ? Who  knows  the  feveral  fpecies 
of  vegetables,  from  the  cedar  of  Lebanon  to  the  hyf- 
fop  on  the  wall  ? Or  rather,  (if  we  would  defcend 
from  the  higheft  to-  the  lowed)  to  the'  innumerable 
grove  of  plants  which  appear  in  the  form  of  mouldi* 
nefs ; or  thofe  more  innumerable  (if  the  erpreffion 
x may  be  allowed)  which  do  not  appear  to  the  naked 
eve  at  all  ?;  Who  is  able  to  difcover  the  proper  fpeci- 
flc  difference,  between  any  one  kind  of  plant  and  ano- 
ther? Or  the  peculiar  internal  conformation  and  dife 
pofition  or  their  component  particles  ?*  Yea,  what, 
man  upon  earth  thoroughly  underftands  the  nature 
and  properties  of  any  one  plant  under  heaven  ? 

Afeend  we  higher  dill  from  plants  to  animals.  But 
here  we  are  dopped  in  the  mid-way,  Under  which  of 
thefe  fhall  we  place  the  innumerable  tribes  of  microf- 
copic  animals,  fo  called  ? Are  they  real  animals  in  the 
common  fenfe  of  the  word  ? Or  are  they  animals,  in; 
quite  another  fenfe  ? Effentially  different  from  all  other 
fpecies  of  animals  in  the  univerfe  : as  neither  requiring 
any  food  to  fudain  them,  nor  generating  or  being  ge- 
nerated? Are  they  no  animals  at  all,  according  to 
the  fuppofition  of  a late  ingenious  waiter, ) but  merely 
inanimate  particles  of  matter,  in  a date  of  fermentar 
tion  ? So  much  may  be  faid  for  each  of  thefe  opinions* 
that  it  is  not  eafy  to  fix  upon  any  of  them. 

If  they  are  animals  of®  a peculiar  kind,  which  nei- 
ther generate,  nor  are  generated,  they  fpread  a veil 
over  one  confiderable  branch  of  human  ignorance* 
For  how  totally  ignorant  are  the  mod  fagacious  of  men* 
touching  the  whole  affair  of  generation  ? I do  not  fay 
of  the  generation  of  infers  and  fifires ; the  countlefe 
fry. 

w That  by  unnumber’d  millions  multiply.” 

But 


( 280  > 

But  let  us  come  to  that  of  the  mod  perfedlanimals, 
yea,  of  man  himfelf.  In  the  hook  of  the  Creator  in- 
deed, were  all  our  members  written ; which  day  by 
day  were  fafhioned,  when  as  yet  there  were  none  of 
them.  But  by  what  rule  were  they  fafhioned  ? In 
what  manner  ? By  what  degrees  from  the  moment  of 
impregnation  ? Who  can  explain. 

« How  the  dim  fpeck  of  entity  began. 

To  extend  its  recent  form,  and  fwell  to  man  Vr 

By  what  means  was  the  firft  motion  communicated! 
to  the  pundtum  faliens  i When  and  how  was  the  im- 
mortal fpirit  added  to  the  mafs  of  fenfelefs  clay  ? There 
is  no  need  of  defcending  to  particulars : for  ’tis  myftery 
all ! And  after  all  our  refearches,  we  can  only  fay,  I 
am  fearfully  and  wonderfully  made  f 

But  is  there  any  fuch  thing  as  equivocal generation,, 
whether  of  plants  or  animals  ? It  is  impoffible  any 
thing  can  appear  more  abfurd  to  the  eye  of  reafon  ? 
Was  there  ever  an  inftance,.  fince  the  world  began, 
that  a houfe  grew  of  itfelf  f Nay,  lo  much  as  a bed, 
a table,  a chair,  or  the  fmalleft  piece  of  houfehold  fur- 
niture ? And  yet  how  trifling  and  inartificial  is  the  con- 
ftrudlion  of  thefe  to  that  of  the  meaneft  plant  or  ani- 
mal ? What  is  the  workmanfhip  of  Whitehall  or  Weft- 
minfter-abbey,  to  that  of  a tree  or  a fly  ? And  yet  on 
the  other  hand,  if  we  deny  fpontaneous  generation, 
what  difficulties  furround  us  ? If  we  can  give  a plau- 
fible  account  of  the  propagation  of  mifleto  on  trees,, 
and  a few  of  the  plants  growing  on  the  tops  of  houfes,. 
or  on  the  walls  of  churches  and  towers,  yet  how  ma- 
ny more  confound  all  our  fagacity  ? And  how  many 
animals  are  difcovered  in  fuch  places  as  no  animal  of 
that  kind  ever  frequented  ? 

- With  regard  to  the  loweft  clafs  of  animals,  infedls, 
almoft  innumerable  are  the  difcoveries  which  have 
been  made  within  few  years  particularly  by  the  inge- 
nious and  indefatigable  Mr.  Reaumur : but  how  in- 
confiderable  is  all  this,  in  comparifon  of  that  which 
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Hill  remains  undifcovered  ? How  many  Ipecies,  how 
many  entire  genera  of  thefe,  are  we  totally  acquaint- 
ed with  ? How  many  millions  by  their  extreme  minute- 
nefs  elude  our  moft  careful  inquiries  ? And  the  mi- 
nuter parts  of  larger  animals,  efcape  our  utmoft  dili- 
gence ? So  that  all  we  can  attain  to  is  an  imperfeS 
knowledge  of  what  is  obvious  in  their  compofition. 

Have  we  a more  perfect  knowjedge  of  fifties  than  of 
infers  ? How  many  of  the  inhabitants  of  the  waters, 
are  entirely  concealed  from  human  view,  by  the  ele- 
ment wherein  they  live  ? It  is  not  permitted  to  the  fons 
of  men,  to  walk  through  the  paths  of  the  fea,  nor 
confequently  to  trace  out  their  feveral  kinds  or  fpecies 
with  any  exaftnefs.  But  it  is  highly  probable  thefe 
are  far  more  numerous,  than  the  fpecies  of  land-ani- 
mals : as  the  diftance  between  the  fmalleft  and  the 
largeft  of  fea-animals,  is  fo  immenfely  greater  from 
the  Minow,  for  inftance,  (though  this  is  far  from  be- 
ing the  leaft)  to  the  Norwegian  whale  : to  fay  nothing 
of  Biftiop  Pontoppidan*s  Craken  and  Sea-ferpent, 
which  I doubt  never  exifted  but  in  his  own  imagina- 
tion. And  with  regard  to  the  fpecies  we  are  acquaint- 
, ed  with,  how  little  is  it  that  we  know  ? Only  a few  of 
their  general  properties ; enough  to  fatisfy  our  need* 
but  not  our  curiofity. 

We  are  fomething  better  acquainted  with  the  inha- 
bitants of  the  air  ; Birds  being  more  acceffible  to  us  ; 
yet  upon  the  whole,  we  are  very  far  from  being  per- 
fe&ly  acquainted  with  them.  Of  many  we  know  lit- 
tle more  than  the  outward  fhape.  We  know  a few  of 
the  obvious  properties  of  others,  but  the  inward,  fpe» 
ci  fic  difference  of  very  few.  And  we  have  a thorough 
adequate  knowledge  of  none* 

€t  However  we  have  a more  extenfive  knowledge  of 
beafts,  many  of  which  are  our  domeftic  companions.” 
Certainly  we  have.  And  yet  a thoufand  queftions 
may  be  aiked  even  concerning  thefe,  which  we  are  in 
nowife  able  to  anfwer.  To  touch  only  on  two  or 
three  general  heads.  Do  they  reafon,  or  do  they  not  ? 
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Whence  a rife  the  different  qualities  and  tempers,  not 
Only  in  different  kinds  and  fpecies  ; but  even  in  the  in- 
dividuals of  one  fpecies,  as  in  dogs,  cats,  and  horfes? 
Are  they  mere  machines  ? If  we  affert  they  are,  it  ine- 
vitably follows^  that  they  neither  fee,  nor  hear,  nor 
ftnell,  nor  feel.  For  of  this  mere  machines  are  utterly 
incapable;  Much  lefs  can  they  know  or  remember  any 
thing*  or  move  any  otherwife  than  they  are  impelled. 
But  all  this,  as  numberlefs  experiments  fhew,  is  quite 
contrary  to  matter  of’  fail.  On  the  other  hand  if  they 
are  not  mere  machines,  if  they  have  either  fenfation, 
or  knowledge,  or  memory,  or  a principle  of  felf-mo- 
tionj  then  they  are  not  mere  matter  ; they  have  in 
them  an  immaterial  principle.  But  of  what  kind? 
Will  it  die  with  the  body,  or  not  ? Is  it  mortal  or  im* 
mortal  ? Here  again  we  are  got  into  an  unknown  path* 
We  cannot  order  our  fjteech  by  reafon  of  darknefs* 

But  although  We  know  fo  little  either  of  the  things 
that  are  above  us,  of  thofe  that  are  beneath  us,  or  of 
thofe  that  furround  us  on  every  fider  yet  it  is  to  be 
Roped,  we  know  ourfelves  : and  of  all,  this  is  the 
moft  ufeful,  the  molt  neceffary  knowledge.  But  da 
We  truly  know  ourfelves  l Do  we  know  the  moft  ex- 
cellent part  of  ourfelves,  our  own  foul  ? That  it  is  a 
fpirit,  we  know.  But  what  is  ar  fpirit  ? Here  again 
wre  are  at  a.  full  ftop.  And  where  is*  the  foul  lodged  ? 
fn  the  pineal  gland  ? The  whole  brain  ? In  the  hearth 
The  blood  t In  any  fingle  part  of  the  body  ?.  Or,  is  it 
fif  any  one  can  uaderftand  thofe  terms.}  Alt  in  all* 
arid  all  in  every  part*.  How  is  it  united  to  the  body  i 
What  is  the  fecret  chain,  what  the  bands  that  couple 
diem  together  ? Can  the  wifeft  of  men  give  a fatisfac- 

ry  anfwer,  even  to  thefe  few  plain  queftions  l 

As  to  the  body,  we  glory  in  having  attained  abun- 
dantly more  knowledge  than  the  ancients.  By  our 
glafTes  we  havg  difcovered  very  many  things,  which 
we  fuppofe  they  were  wholly  unacquainted  with.  But 
Rave  we  difcovered,  why  we  perfpire  three  parts  in 
four  lefs,  when  we  fweat  than  when  we  do  not  ? What 
£ totalmiftake  is.it  then  to  fuppofe  fweat  is  only  anin- 
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creafe  of  inferable  perfpiration  ! Have  we  difcovered* 
why  one  part  of  mankind  have  black  (kins,  and  the 
other  white  ? It  is  not  owing  to  the  climate  : for  both 
black  men  and  white  are.  bom  in  the  fame  latitude.. 
And  have  not  negroes  the  fame  flefli  and  blood  with 
us  ? But  what  is  flefb  ? That  of  the  mufcles  in  parti- 
cular? Are  the  fibres  out  of  which  it  is  woven,  of  a 
determinate  fize?  So  that  when  you  have  divided  them 
into  fmaller  and  fmaller,  to  a certain  point,  you  come 
to  thofe  of  the  fmalleft  kind  ? Or  are  they  refolvible 
(at  lead  in  their  own  nature)  into  Cmallet  and  fmaller 
in  infinitum  ? How  doesa  mufcle  a ft?  If  you  fay  by 
being  inflated,  and  consequently  Shortened  : I aflc 
again,  but  what  is  it  inflated  with  ? If  with  bloody 
How  and  whence  comes  that  blood  l And  what  be-' 
comes  of  that  blood,  whither  does  it  go,  the  moment 
the  mu&le  is  relaxed?  What  is  blood  ? Of  how  many 
forts  of  particles  does  it  eflentially  confift  ? Of  red  glo- 
bules and  ferum  ? But  in  the  famous  inftance,  the  man. 
bled  at  the  nofe,  till  what  was  difcharged  had  no  red- 
nefs  left.  By  what  force  is  the  circulation  of  the  blood 
performed  ? Can  any  one  fuppofe  the  force  of  the 
heart,  is  fufEcient  to  overcome  die  refiftance  of  all  the 
arteries  ? Are  the  nerves  pervious  or  folid  ? How  do 
they  aft  ? By  vibration  or  tranfmiffion  of  the  animal 
fpirits  ? What  are  the  animal  fpirits  ? If  they  have  any 
being,  are  they  of  the  nature  of  blood  or  ether  ? What 
is  fleep  ? Wherein  does  k confift  ? We  do  not  inquire* 
What  are  the  effefts  of  it  (Ceffationof  voluntary  mo^ 
tionand  fo  on)  but  what  is  the  thing  itfelf,  the  caufe  of 
thefe  effefts  ?)  What  is  dreaming?  By  what  criterion  can 
we  diftinguifh  dreams  from  waking  thoughts  ? 1 mean, 
by  what  means  may  a dreaming  perfon  then  know  that 
he  is  in  a dream  ? What  is  (the  Confanguineus  Somni)* 
death  ? When  do  we  die  ? You  fay.  44  When  the  foul 
leaves  the  body.”  This  cannot  be  denied.  But  my 
queftion  is,  When  does  the  foul  leave  the  body  ? When* 
we  ceafe  to  breathe,  according  to  the  maxim,  Nullus 
Spiritus,  nulla  vita  ? This  will  not  hold  ; for  many 
have  revived  after  refpiration  was  utterly  ceafed. 
When  the  circulation  of  the  blood  (tops  ? Nay,  neither 
will  this  hold  ; for  many  have  recovered  after  the  pulfe 
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was  quite  gone.  When  the  vital  warmth  ceafes,  and 
the  juices  lofe  their  fluidity  ? Even  this  is  not  a certain 
mark.  For  fome  have  revived  after  the  body  was 
quite  cold  and  ftiff:  a cafe  not  uncommon  in  Sweden. 

By  what  token  then  can  we  furely  know  ? It  feems, 
none  fuch  can  be  found.  God  knows  when  the  fpirit 
returns  to  him.  And  the  fpirit  itfelf : but  none  that 
dwells  in  a body. 

What  caufe  have  we  then  to  adore  the  wifdom  of 
God,  who  has  fb  exactly  proportioned  our  knowledge 
K to  our  ftate  ? We  may  know  whatever  is  needful  for  life 
or  godlinefs,  whatever  is  neeeflary  either  for  our  pre- 
fent  or  eternal  happinefs.  But  how  little  befide  can  the  • 
moft  penetrating  genius  know  with  any  certainty  ? Such 
i pains,  fo  to  fpeak,  hath  God  taken  to  hide  pride  from 

• man ! And  to  bound  his  thought  within  that  channel  of 

; knowledge,  wherein  he  already  finds  eternal  life.  i 
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